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Figure 1. The northern range limit that a tree taxon has reached (line) either from southern refugia (dotted line) located 40-45°N or
from northern refugia (dashed line) (see details in Table 1).
doi:10.1371/journal.pone.0071797.g001




Elevation Conditions in which the species is competitive
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I Figure 11-3. Schematic illustration that a species which for climatic reasons at present is competitive on mountain
peaks will have these climatic conditions a few hundred meters higher after global warming.
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Jump AS, Matyas C, Penuelas J. 2009. The altitude-for-latitude disparity in the range

retractions of woody species. Trends in Ecology & Evolution, 24: 694-701.



Precipitation change (%, 2071-2100 minus 1961-1990),
MGME ensemble average, A1B scenario

Giorgi F, Lionello P. 2008. Climate change projections for the Mediterranean

region. Global and Planetary Change, 63: 90-104.
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Temperature change (C, 2071-2100 minus 1961-1990),
MGME ensemble average, A1B scenario
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Figure 2. Projected status of the MCE in 2070-2099 relative to 1960-1989 under high (A2) emissions scenario. The projected status is
considered likely if at least 66% of the AOGCM simulations agree, confident if at least 90% agree. Maps A. through E. are un-projected at 1:50,000,000

scale.
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Citation: Klausmeyer KR, Shaw MR (2009) Climate Change, Habitat Loss, Protected Areas and the Climate Adaptation Potential of Species in Mediterranean
Ecosystems Worldwide. PLoS ONE 4(7): 6392, doi:10.1371/journal.pone.0006392
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Main functions of cork oak forests:

TUDY: QUERCUS SUBER L.

(CORK OAK)

Evergreen, sclerophyllous species
» Pioneer, thermophilous and xerophilous species !
 Listed in the EC Habitats Directive and into the
National Italian catalogue of historical Iandscape
needing protection g
- * Main causes of tree loss: forest fires, diseases,
overgrazing, land abandonment and exploitation
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Cork production (cork and wine industries)
Habitats for rare and endangered species (animals
in particular medicinal ones) 3
Protection against erosion and resulting desertific
Natural barrier against fire (weak combustion of
Roots properties: they retain rain water forming Vit
nutrients from deep layers of soll

Leaf litter as a good natural fertiliser | J
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/ WE APPLIED THE ECOLOGICAL
NICHE MODEL APPROACH IN

‘ORDER TO HINDCAST AND

- FORECAST THE DISTRIBUTION
OF CORK OAK AND HIS

HAPLOTYPES IN FUNCTION OF
THE CLIMATE CHANGE



Climate time-series 1950-2000 (source: WorldClim)

Interpolated maps (1km? resolution) of:

* Annual precipitation

* Minimum Temperature of the coldest month

* Maximum Temperature of the warmest month

Q. suber distribution at 1km? resolution reconstructed from:

* National Forest Inventories (France, Spain, Portugal)

* Suberitalia National Project (Italy)

* Vegetation map (Morocco, Tunisia)

» Euforgen Network and personal communication (Algeria)

Q. suber genetic characterization by means of:

. * 95 populations throughout the natural range
W ° 410 trees
* PCR-RLFP at 5 chloroplast loci
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* Processing phases in GIS environment (ArcMap 9.3)
* Spatial Analysis and Raster Calculator
* Forecasting projections

General Circulation Models and future scenarios (source: WorldClim and IPCC5)

* CCSM4, HADGEMZ2-ES, MIROC5
» Two Representative Concentration Pathways (rcp4.5 = SRES B1, rcp8.5 = SRES AlFI)
» Two Time Periods (2050 as average 2041/2060; 2070 as average 2061/2080)



Annual mean temperature 8/19.9 °C
Max temp. Warmest month 21.9/31.8 °C
Min temp coldest month -4.2/9 °C
Temperature annual range 15.1/36.2 °C
Annual precipitation 293-1512 mm
Prec. Wettest month 41-264 mm
Prec. Driest month 0-69 mm
Elevation 0-1984 m

Slope 0-22.4 %

Real and predicted ranges of the environmental layers within the zones defined
as the most suitable for cork oak (Vessella et al., 2015)
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Vessella F, Simeone MC, Schirone B. 2015. Quercus suber range dynamics by
ecological niche modelling: from the Last Interglacial to present time.
Quaternary Science Reviews, 119: 85-93.
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Schirone B, Spada F, Simeone MC, Vessella F. 2015. Quercus suber L. distribution

revisited. In: Box EO, Fujiwara K eds. Warm-Temperate Deciduous Forests around the
Northern Hemisphere. Springer.
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Quercus suber L. - Haplotype distribution
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Size of pies indicates the number of individuals for each population

Simeone MC, Papini A, Vessella F, Bellarosa R, Spada F, Schirone B. 2009. Multiple

genome relationships and a complex biogeographic history in the eastern range of
Quercus suber L. (Fagaceae) implied by nuclear and chloroplast DNA variation.
Caryologia, 62: 236-252.
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Federico Vessella, Javier Lopez-Tirado, Marco Cosimo Simeone, Bartolomeo
Schirone, Pablo J. Hidalgo (submitted) A tree species range In the face of
climate change: cork oak as a study case for the Mediterranean biome
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THE REFUGIAL AREAS FOR
CORK OAK
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" FOREST RESTORATION

‘ Acéofbling to Italian Society for Forest Restoration, Forest restoration
| meéns all the active operations aimed to trigger the processes whereby
optanaI ecosystem functions and community composition in forests are |
\ returned to their native state.
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Therefore, to conserve cork oak in a scenario of cllmat
restore the forest landscape of the species,

W

1. The conservation in situ, by means the est:
areas, and rehabilitation of cork oak stands i |n Al

2. The cork oak germoplasm conservation ~',
reforestation in Apulia



Project Overview

Zero Impact Innovative Technology in Forest Plant Production
. Total Cost: 4,284,275 €
. EC Contribution: 3,438,252 €
- Duration: 36 months
. Start Date: 01/10/2012

4 iy o . Consortium: 14 partners from 10
RSy Rt B e | |- < & countries
S R I g ) - g - Project Coordinator: Tuscia
N o ( University — DAFNE
SRS | oject.eu
i e l T . Department (Italy)
3 § - | i

‘PROTOTYPE MAIN FEATURES:
« Artificial lights (LEDs) :
 Wireless sensors for monitoring main environmen
parameters (humidity and nutrients of soil; air
temperature and humidity)

 Automated control system

» 3D cultivation (rotating multshelves)

» Solar panels

» Water recycling system for irrigation

Zephyr project aims to introduce an innovative
technology inspired by the plant factory concept,
for the pre-cultivation of forest regeneration
materials in a zero-impact and cost friendly
production unit.
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ROTOCOL

The protocol for the cult|vat|on of cork oak by means
Zephyr technology has been developed simulating the
* ,condltlons of temperature, humidity and soil composition,
occurrlng In a natural forest. Main attention has been
.\ devoted to the Ilght conditions.
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3 ST OF LIGHT ANALYSIS

1. Analysis of light conditions promoting cork oak reger .
cork oak forest (quantity, quality and photoperlo

2. Comparison between 6 different commercial LE
wide continuous spectra in order to define the best
propagation L

3. Evaluation of main differences in terms of growth perform
between natural and artificial light |
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AT THE END OF ZEPHYR PROJECT, THE
PROTOCOL FOR THE GROWTH AND
DEVELOPMENT INDOOR OF CORK OAK
% PLANTS IS COMPLETE, FROM THE SEED
GERMINATION TO THE TRANSPLANT IN THE
FIELD. THE RIGHT APPLICATION OF THE
PROTOCOL ALLOW TO PRODUCE HIGH
QUALITY SEEDLINGS IN A SHORTER TIME
THAN IN AN OPEN FOREST NURSERY
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GROWTH CHAMBE

Days between germination
and emergence

Days between germination
and apical bud closing

75 100 125
days after germination

Growth
chamber

68

Emergence

Apical bud
closing

Time
reduction
(%)

64%



CCSM RCP8.5

Probability of occurrence

B Low:D

Possible site for the conservation of the rare Apulian haplotype of cork oak,
according to the "replacement" approach, sensu Stanturf
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