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Akdeniz
“the White Sea” for the Turks

Mare nostrum
“our sea” for the Romans 

Yam Gadol
“the Great Sea” for the Jews

Mittelmeer
“the Middle Sea” for the Germans 

“Great Green” for the 
ancient Egyptians

Mediterranean  : "between the lands" 

المتوسط االبيضالبحر 
“white middle sea” in arabic



.

Mediterranean forests

Anthropogenic

Geology

Climate

Diverse and resilient forests can only be maintained if we understand 
their sensitivity to past climate change. 



▪ Myers et al. 2000. Biodiversity hotspots for conservation priorities. Nature 403: 853-858

▪ Médail, F. & Quézel, P. 1999. Biodiversity hotspots in the Mediterranean Basin: Setting global conservation priorities. Conservation Biology 13: 1510-1513.



Late Jurassic ca. -154 Ma

Colorado Plateau Geosystems, Inc. ™ http://cpgeosystems.com/



Early Cretaceous (-135 Ma)

Colorado Plateau Geosystems, Inc. ™ http://cpgeosystems.com/



Mid Cretaceous (ca. - 96 Ma)

Colorado Plateau Geosystems, Inc. ™ http://cpgeosystems.com/



Late Creatceous (ca. -96  -72 Ma)

Colorado Plateau Geosystems, Inc. ™ http://cpgeosystems.com/



Gastéropodes fossiles (Crétacé – Liban)

Ctenothrissa sp. (Crétacé - Lebanon)

Creataceous, 
Cénomanien 

(95 Ma)

Fossiles from Lebanon

Cénomanien (-93 Ma) 
– En- Nammoura (Lebanon)

Sapindaceae

Paléotemperature 30°C

(KOLODNY and RAAB 1988).

Crétacé moyen 
(Aptian / Neocomian)  100 – 130 Ma 



Cretaceous – Tertiary (-65 Ma)

Colorado Plateau Geosystems, Inc. ™ http://cpgeosystems.com/



Eocene (-53 Ma – 34 Ma)

Colorado Plateau Geosystems, Inc. ™ http://cpgeosystems.com/



Oligocene (-34 – 23.5 Ma)

Colorado Plateau Geosystems, Inc. ™ http://cpgeosystems.com/



Colorado Plateau Geosystems, Inc. ™ http://cpgeosystems.com/

Miocene (-23.5 -5.3 Ma)

Seasonal contrasts in the temperature 
regime developed



Seasonality – Mediterranean climate onset

The Mediterranean climate imposes a double 
constraint on plant growth, 

lack of moisture in summer and cold 
temperatures in winter.



Miocene 13 Ma

Colorado Plateau Geosystems, Inc. 

Formation of the Alps, Carpathians, Dinarides, Taurus, and Elburz
mountains during the Alpine orogeny. (Pons et al. 1995; Suc et al., 2018) 

Tropical elements began to disappear from pollen diagrams and
floristic richness declined due to the loss of whole taxonomic groups
from many regions.



7 Ma

Extinction of tropical elements

mediterraneus "midland;" 
"sea in the middle of the earth" 

The onset of the modern Mediterranean flora, 
vegetation and climate on the basis of pollen records 

and coral skeletons

Extinction of 108 thermophilous and hygrophilous taxa 
mostly during the Miocene and Pliocene, 

a few during the Quaternary



Avicennia mangrove Glyptostrobus swamps

(Biltekin et al., 2015); (Suc et al., 1995; Popescu et al., 2010; 
Feddi et al., 2011).

Artemisia steppe 

Biltekin et al., 2015

Reconstruction of Mediterranean flora, vegetation and climate for the last 23 million years based on an extensive 

pollen dataset. Suc et al. 2018. IN MEMORY OF  PIERRE QUEZEL



Loidi, J. & Marcenò, C. 2022. The Temperate Deciduous Forest of the Northern 
Hemisphere (TDFNH). A review. Mediterr. Bot. 43, e75527. 
https://doi.org/10.5209/mbot.75527

Distribution of the Temperate Deciduous Forests 
in the world in three moments

Data from Barron et al. (1980), Olson (1985) and Wolfe (1985).Middle Miocene 

Early Eocene 

Adams, J.M. & Woodward, F.I. 1989. Patterns in tree species richness 
as a test of the glacial extinction hypothesis. Nature 339: 699–701. 

https://doi.org/10.5209/mbot.75527


Messenian Salinity crisis - 5.6 Million years

Garcia-Castellanos D., et al. 2009. Catastrophic flood of the Mediterranean after the Messinian salinity crisis  Nature, volume 462 Number 7274 



Continental bridges

Peak of the Messinian Salinity Crisis; Bache et al., 2015

During the MC a significant northward migration of the subdesertic plants is 
documented as a response to desiccation of the central basins (Fauquette et al., 2006; 
Popescu et al., 2007). 

Open vegetation rich in halophytes and subdesertic plants with 

Mediterranean sclerophyllous plants probably inhabited the lowlands while a 
forest cover existed on the nearby massifs (Popescu et al., 2015).



This extremely abrupt flood may have involved peak rates of sea level rise in the Mediterranean of more than 

10 m/day.

The Atlantic waters found a way through the present Gibraltar Strait and rapidly refilled the 

Mediterranean 5.33 million years ago in an event known as the Zanclean flood

Zanclean flood – 5.33 million years



Pliocène (-5.3 – 1.8 Ma)

Colorado Plateau Geosystems, Inc. ™ http://cpgeosystems.com/

Alnus, Phillyrea, Olea, Cistus, Quercus ilex-type, 
Pistacia became predominant

3.2 Myr ago 
Modification in the composition 

and structure of Med forests



Tertiary ice sheet growth was commonly driven by warming of deep water from low- to mid-latitude marginal seas (snow gun
hypothesis) related to the Gulf Stream intensification due to gradual uplift of the Panama isthmus.

Snow gun hypothesis

Chappellaz J., et al., Nature 366, 443 (1993)

Steffensen J. P., et al., Science 321, 680 (2008)

G. Bartoli et al., Final closure of Panama and the onset of 

northern hemisphere glaciation, Earth and Planetary 
Science Letters, Volume 237, Issues 1–2, 2005.

Haug et al., Nature 393 (1998). 

Cooling during (3.0– ∼2.5 Ma) 

Beginning of the permanent 
glaciation in the Arctic area



Glaciations cycle

Oscillations

Mass extinctions

During the last 2 million years at least 20 glaciation cycles were recorded



The last glacial maximum in southern Europe occurred around 20,000 bp. termed ‘état zéro’.
Temperature depression in southern Europe is thought to have been something of the order of 5–7◦C;

LGM

l‘état zéro’ 

Pons (1984) 



Pliocène (-5.3 – 1.8 Ma)

Colorado Plateau Geosystems, Inc. ™ http://cpgeosystems.com/

North America where 
natural barriers are 
North-South oriented. 

West-East oriented barriers 
(mountains, the sea, and desert)



As a consequence, the thermophilous plants could not easily move 
southward during the climatic deteriorations and recolonize during 

the warmer phases the spaces previously abandoned. 

Barriers for migration



The last glacial maximum

Pleistocene @2012 Colorado Plateau Geosystems

Isolated glacial refugia  / sources for future 
re-colonization

(Regato and Salman, 2008; Tzedakis et al., 2004; Vogiatzakis, 2012; Woodward, 2009). 

The mountains of the Mediterranean region represent dynamic 
landscape systems that are highly responsive to climate change



Distribution of Pleistocene glaciation in the Mediterranean Mountains

(Regato and Salman, 2008; Tzedakis et al., 2004; Vogiatzakis, 2012; Woodward, 2009). 



Co-localisation of glacial refuge 
and endemism zones

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

Glacial refuge



Iberian Neanderthals in forests and savannahs

Ochando et al., 2022, Iberian Neanderthals in forests and savannahs. J. Quaternary Sci, 37: 335-362.

The heterogeneity of landscape is favourable 
for the persistence of diverse species:

The existence of woodland refugia during the 
coldest and most arid stages of the 
upper Pleistocene across this relatively high-latitude 
region within the Iberian Peninsula.

Glacial refuge for 
Neanderthals too



Long resilience of mixed oak-pine forests 
throughout cold phases and the high diversity of 
woody taxa including deciduous, Mediterranean, 

and thermophytes. 

The hominids of Bolomor possessed highly adaptative subsistence 
strategies that match the potential benefits offered by a diverse and 

rich environment where a broad spectrum of edible plants was 
available.

Bolomor Cave - Spain

Glacial refuge for neanderthals too



Iberian Neanderthals in forests and savannahs

J Quaternary Science, Volume: 37, Issue: 2, Pages: 335-362, First published: 28 July 2021, DOI: (10.1002/jqs.3339) 

The relative abundance 
of evergreen

Quercus and Castanea th
e continuous 

occurrences of :

Olea, Fraxinus,
Pistacia, Myrtus,

Phillyrea and 
Cistaceae, Celtis, 
Ceratonia, Pinus 

pinaster, 
and Rhododendron

are peculiar features of 
the sequence. 



Location of Lake Ohrid
and DEEP coring site.

The sedimentary record of the oldest extant lake in Europe, Lake Ohrid (North Macedonia, Albania), shows the survival and 
extinction of tree species during glacial and interglacial stages (G–IG) of the Quaternary. 

Pollen analysis reveals that the area was an effective refuge for tree populations through G–IG periods. The lake body 
locally buffered the climate, allowing repeated recovery of tree populations that were close to disappearance. 

Extended periods of aridity during G–IG intensification after 0.94 Ma caused many tree taxa to disappear.

Donders et al. 2021. 1.36 million years of Mediterranean forest refugium dynamics in response to glacial–interglacial cycle strength





The late Miocene and Pliocene period was associated with large-scale orogeny throughout 
the region (Bilgin, 2011; Oosterbroek and Arntzen, 1992). 

Mountains chains



Qurnat as Sawda

Nord

Sud

Coupe longitudinale du Mont Liban montrant sommets montagneux et vallées. 

Sannine



Cirques feeding a glaciated valley Mont Makmel

Mont Sannine



Baskinta

Quadisha valley

Vallées



Cedrus libani

Abies cilicica

Juniperus excelsa

Malus trilobata

Juniperus drupaceae

Ostrya carpinifolia

Rhododendron

Fraxinus ornus

Southern-most edge populations of many 
“northern” species



The Mediterranean region is 
a hotspot of species & 

ecosystem  diversity 

High heterogeneity in the Mediterranean physiography with 
coastal reliefs, large islands and/or long peninsulas and episodic 
wide oceanic connections infers a high diversity of landscapes, 

supported by a large variety of soils, and therefore probably 
some mosaic distribution of plant communities.

(Meulenkamp & Sissingh, 2003; Jolivet et al., 2006) 



Hunter - gatherer
Agro - pastoralism



Platt et al. Mapping Post-Glacial expansions: The Peopling of Southwest Asia. Scientific Reports (2017); 7:40338.



Dog domestication -15 000 BC

Zeder 2008

Auroch 

Wild shep
Ovis orientalis

Wild pig
Sus scrofa

Wild goat
Capra aegagrus 

Animal domestication



Fertile crescent

Barley - Hordeum sp. Wheat - Triticum sp.  

Oat - Avena sp.

Plant domestication

• Willcox G. (2014)
• Phillips J. et al., 2019. 



The ‘Design’ of Mediterranean Landscapes:

A Millennial Story of Humans and Ecological Systems during the Historic Period

Blondel, J. 2006. 
Hum Ecol 34, 713–729.





Willcox G. (2014) Near East (Including Anatolia): Origins and Development of Agriculture. In: 
Smith C. (eds) Encyclopedia of Global Archaeology. Springer, New York, NY



A Carthaginian writer, author of an agricultural manual in Punic which was a record of the 
farming knowledge of the Berbers from North Africa and the Phoenicians from Lebanon. 
The Punic text has been lost, but some fragments of Greek and Latin translations survive.

•If buying a farm, sell your town house.

•The most productive vineyards face north.

•How to plant vines.

•How to prune vines.

•How to plant olives.

•How to plant fruit trees.

•How to harvest marsh plants.

•…..

Mago – father of agriculture 500 BC

Wikimedia Commons



Phoenicians and Greeks played an important role, taking 
domesticated olives from the eastern Mediterranean 
together with cultivation techniques to the west (Zohary
et al. 2012).

Olive domestication and cultivation

https://link.springer.com/article/10.1007/s00334-022-00867-0#ref-CR95


Remains of 2,500-Year-Old Mill Discovered in Italy
They believe it is the earliest olive oil mill found in Magna Graecia, a region that encompasses most of Italy's southern 

coastline, where ancient Greek colonists arrived 3,500 years ago.



Viruel et al. 2020



Difference in the gene pool between east 
and West Mediterranean!

The SOUTHERN MOROCCAN GENE 
POOL SHOULD BE PRESERVED

IMPLICATIONS when choosing seeds for 
reforestation or afforestation or new 

plantations! Viruel et al. 2020

Ceratonia siliqua



The Mediterranean : Cradle of civilisations and agriculture

Carthage Phoenicians 800 BC

Memphis
2400 BC

Alexandria
Hellenisic, 331 BC

Byblos Canaanite, 
Phoenicians 1500 BC

Cyrene

Rome
Roman 700 BCMassalia

Athens
Greek 700 BC



Cedar wood commerce

Epic of Gilgamesh written in Akkadian

during the late 2nd millennium BC.

Tablette d’argile ecrite en caractères cunéiformes

dans la Babylonie du XVIIIe au XVIIe siècle AEC 

retrace l’entrée de Gilgamesh et Enkidu dans la forêt

de cèdre pour tuer Humbaba.
The Sulaimaniya Museum, Iraq. Photo by O. S. Muhammed Amin



Coupe des Cèdres du Liban pour la construction du

temple de Salomon. Gravure de Gustave Doré, 1865

La frise du transport du bois, décor du palais de Sargon II

à Khorsabad, Musée du Louvre dès 1847.



The Palermo Stone is a stele that depicts the Royal 
Annals of the Old Kingdom - King Snefrou : 

It is dated to the end of the Fifth Dynasty and contains 
references to a trading expedition to Syria via the 
Mediterranean. 
“40 ships filled (with cedar wood)” were brought back 
during the reign of Snefru, in the Fourth Dynasty. 

It provides evidence that the Syrian timber trade, for which 
Byblos was important, took place by sea.

(GRIMAL, 1988)



Sarcophage de Tutankhamun à Luxor. 
(Reuters)

Barque solaire du pharaon Khéops, datant de 

l'Ancien Empire (IVe dynastie).
©The Picture Desk/AFP

Statue d’Artemis a Ephèse
(Turquie moderne), érigée au VIe siècle 

AEC

Vitruvius 

(2017) 



Phoenicians boats from 
Cedar wood



« IMP HAD AVG DFS AGIV 

CP » 

IMPeratoris HADriani

AUGusti DeFinitio

Siluarum Arborum Genera 

Quatuor Cetera Priuata

ABDUL-NOUR, 2001.



Forest boundary marker of Emperor Hadrian located in the Jabal Moussa Biosphere Reserve.

« IMP HAD AVG DFS AGIV CP » 
IMPeratoris HADriani AUGusti DeFinitio Siluarum Arborum Genera Quatuor Cetera Priuata

ABDUL-NOUR, 2001.



1571 Battle of Lepanto

250 000 trees cut 1 boat 
= 

59  Fagus
300 Pinus or Abies

300 Quercus

5 Large boats and 
200 small boats



Roof sealing using Juniperus wood



Removed from the roof and dome of Al-Aqsa 
Mosque during restorations in the early 
1960s. 

The ends of 140 of the beams were sawed off 
for dendrochronological study, and others 
were analyzed with carbon-14 testing to 
reveal an expansive date range: The youngest 
beams were cut after the initial construction 
of Al-Aqsa Mosque, while others date to the 

First Temple period, from the ninth to 

the seventh centuries BCE.

Of wooden beams Cedrus 
libani and Cupressus

sempervirens

“Secondary use”

Al-Aqsa's  mosque ancient wooden beams exposed before 

they were dismantled in the 1930s and 1940s. 



Roberts, N., Fyfe, R.M., Woodbridge, J. et al. Europe’s lost forests: a pollen-based synthesis for the last 11,000 years. Sci Rep 8, 716 
(2018). https://doi.org/10.1038/s41598-017-18646-7

8000 years ago, prior to 
Neolithic agriculture, Europe 

was mostly a wooded 
continent. 

Since then, its forest cover has 
been progressively 

fragmented, so that today it 
covers less than half of 

Europe’s land area, in many 
cases having been cleared to 

make way for fields and 
pasture-land. 



The ‘Design’ of Mediterranean Landscapes:

A Millennial Story of Humans and Ecological Systems during the Historic Period

‘Ruined Landscape’ or ‘Lost Eden theory’

A large share of Mediterranean forest biodiversity, especially herbaceous species and associated 

insects, is related to various levels of disturbance, including fire and herbivory by livestock, as, e.g., 

in Mediterranean heath ecosystems and tends to disappear after dense afforestation or land 

abandonment. 

As a consequence, safeguarding the biodiversity of the Mediterranean forest faces a complex 

challenge of managing both natural and human-induced disturbance regimes. Blondel, J. 2006. Hum Ecol 34, 713–729.

Trees (silva)

cultivation (ager) 

grasses (saltus) 



Northern, southern and eastern regions

Ecological, social and economic contexts

=/



Nort and south Med differences

Expansion of cropland in 
rural areas 

ploughing of slopes for livestock 
Soil degradation

Forest degradation 
Slow regeneration. 

Land abandonment

Biomass accumulation
Closed forests / less diversity

Forest fore risk





Juniperus excelsa



Juniperus excelsa



Aarsal (Anti-Liban)

Kfardebian (Mont-Liban)



2000 m – Oyoun orghoch



Based on the global maps of forest cover change by Hansen et al (2013), forests cover:
- 9.1% of the Mediterranean countries’ territory
- 18% of the Mediterranean biome surface
- 28% of the Mediterranean coastal areas

75 million hectares*Mediterranean forests

SOMF 2018

*25 million ha of forests and about 
50 million ha of other wooded lands 

Mediterranean forests are a unique world natural heritage

in terms of biological diversity.

The Mediterranean Basin is one of the world’s major centres for 

plant diversity and one of the richest in endemism



Habitats & Species diversity
117 out of 233 habitats in Europe are in the Mediterranean Europe and 93 of them are exclusively Mediterranean. 
74 genera from which 64 are in the Med Europe, 
210 tree species / 30 species are endemic to the Med (very often narrow endemic).



The convergence of a remarkable biodiversity associated with long term 
human pressures is what has termed as the 

"Mediterranean paradox”
(BIODIVMEX 2014).

« The Ruined landcape »

« lost paradise » ….





Thank you

@efimedfacility

@magda.boudagher



Ramón Margalef López (Barcelona, 16 de mayo de 1919-
Barcelona, 23 de mayo de 2004) fue
un limnólogo, oceanógrafo y ecólogo español. Fue el
primer catedrático de Ecología en España y, junto 
con Bernáldez, el refundador de esta disciplina en el país. 
Entre sus trabajos, destacan la aplicación de la teoría de la 
información a los estudios ecológicos, y la creación
de modelos matemáticos para el estudio de las poblaciones.

https://es.wikipedia.org/wiki/Limnolog%C3%ADa
https://es.wikipedia.org/wiki/Oceanograf%C3%ADa
https://es.wikipedia.org/wiki/Ecolog%C3%ADa
https://es.wikipedia.org/wiki/Catedr%C3%A1tico_de_universidad
https://es.wikipedia.org/wiki/Fernando_Gonz%C3%A1lez_Bern%C3%A1ldez
https://es.wikipedia.org/wiki/Teor%C3%ADa_de_la_informaci%C3%B3n
https://es.wikipedia.org/wiki/Modelo_matem%C3%A1tico
https://es.wikipedia.org/wiki/Poblaci%C3%B3n_biol%C3%B3gica

