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Distribution of Pinus nigra range-wideDistribution of Pinus nigra range-wide

A collective 
species with 
many 
marginal 

populations

http://www.bioversityinternational.org/networks/euforgen/
35 member countries. National coordinator for Cyprus: M. Andreas Christou

Maps regularly updated from voluntary contributions



The genetic (bio)diversity of Pinus nigra range-wideThe genetic (bio)diversity of Pinus nigra range-wide

What do we know about the “neutral” genetic diversity of Pinus nigra? 

Surprisingly little for such a wide ranging species!

“Cab abstracts” search from 1973 to 2007: 
Less than 20 relevant references
2 references related to adaptive traits and experimental tests

Most of them regional (e. g. Spain, Crimea, Bulgaria, Anatolia, etc)
and/or

Very few populations tested
and/or

Very few markers or loci tested

One genetic diversity reference includes  Cyprus



Genetic diversity of Pinus nigra (western range)Genetic diversity of Pinus nigra (western range)

• Populations 
isolated before the 
Holocene : at the 

onset of the last 
glaciation or at LGM 
(----). Local and 
regional originality.
• Same for Cyprus?

17 western European 
populations (with 
gaps), 6 main 

regions. 
10 cpSSRs

Afzal-Rafii & Dodd, Mol. Ecol. 2007

High Haplotype 

diversity: 0.93 – 1.00



Genetic diversity of Pinus nigra (central range)Genetic diversity of Pinus nigra (central range)

• Corsica and Sicily: 
Tertiary relict.
• Mainland: more 

recent expansions 
and gene flow
• What about Cyprus, 
the other island black 
pine population?

41 central range 
populations (with 
gaps), 9 main regions, 

39 terpenoid
compounds

Afzal-Rafii et al., Biochem Syst. Ecol. 1996



Genetic diversity of Pinus nigra (central-eastern range)Genetic diversity of Pinus nigra (central-eastern range)

Black pine from 
Cyprus is a separate 

subspecies, along 
with Morocco, 
Corsica and Calabria. 

28 populations 
range-wide (with 
gaps), 11 main 

regions. 
4 isozyme loci

Nicolic & Tucic, Silvae Genet. 1983

High gene diversity 

within and among 
populations.



Understanding the evolutionary history of Pinus nigraUnderstanding the evolutionary history of Pinus nigra

Many references are local. Lack of global understanding. Many gaps 

in studies.
���� A need for a range wide detailed assessment of genetic 
(bio)diversity in Pinus nigra.

Problem: are populations natural?
�A need to work with historically 
documented / old growth 
populations in Pinus nigra.

� A need to study gene flow and 
hybridization

Pinus nigra:  a Tertiary species with many refugial-based regional 
population groups. High regional originality => regional conservation 
strategies.



0

0,05

0,1

0,15

0,2

0,25

0,3

A
. p

in
sa

po

A
. m

ar
o

ca
n

a 

A
. n

um
id

ic
a

A
. n

eb
ro

d
en

si
s

A
 a

lb
a

A
. c

e
ph

al
o

ni
ca

A
. b

or
is

ii 
re

gi
s

A
. e

qu
i t

ro
ja

ni
A

. b
or

nm
ue

lle
ri

an
a

A
. n

or
dm

an
n

ia
na

A
. c

ili
ci

ca
 

H
e
 (
is
o
z
y
m
e
s
)

Pinus nigra fits within the east-west pattern of increasing 
genetic diversity in the Mediterranean

Pinus nigra fits within the east-west pattern of increasing 
genetic diversity in the Mediterranean

Black pine from Cyprus has one of the highest within population 
gene diversity range wide (Nicolic & Tucic, 1983).



Pinus nigra range-wide: what about adaptive trait diversityPinus nigra range-wide: what about adaptive trait diversity

Black pine adaptive traits (Wheeler et al. Silvae Genet. 1976): 

North American test, 24 populations range-wide (with gaps), 4 sites

• Considerable variation in survival, growth and tree shape
• Considerable variation in resistance to insects and diseases 
• Considerable variation in frost hardiness

• Significant genotype x site interaction, i.e plasticity

Black pine adaptive traits :
A need for a complete assessment



Pinus nigra: a species strongly affected by climate changePinus nigra: a species strongly affected by climate change

Biomod: climatic envelope 
and eco-physiological (no 
migration, no mortality) 
model (Thuillier 2003, 2004)



Pinus nigra genetic resourcesPinus nigra genetic resources

An invasive species: North America, South Africa. Some precautions 
are needed if ex situ conservation is undertaken

Black pine from Cyprus and the eastern Mediterranean: a 
combination of original evolutionary potential and adaptive traits. A 
model to study evolutionary processes in marginal populations.

A threatened resource worth conserving!

Black pine adaptive traits: considerable variability and plasticity.

Black pine neutral genes : complex history, considerable variation 
and an eastern richness.



Pinus nigra from Cyprus: 
a resource to conserve and use

Pinus nigra from Cyprus: 
a resource to conserve and use

Thank you for your 
attention
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Mean He for 
narrowly 

distributed Medit
conifers:
0.165

He expected for 
narrowly 

distributed tree 
species

The gene diversity of conifers outside and within 
the Mediterranean: narrowly distributed species

The gene diversity of conifers outside and within 
the Mediterranean: narrowly distributed species



Western Mediterranean regions show significantly less within 

population genetic diversity … but similar differentiation
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Structure of gene diversity in Mediterranean conifersStructure of gene diversity in Mediterranean conifers



      Within population genetic diversity in Mediterranean (s.l. ) 

conifers depending on their bioclimatic requirements
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Thermo-Mediterranean conifers show significantly less within 

population genetic diversity

Bioclimatic structure of gene diversity in Mediterranean 
conifers

Bioclimatic structure of gene diversity in Mediterranean 
conifers



Colder (and dryer) climatic conditions in the western Mediterranean during 
the late Glacial maximum (18 000 years BP) ==> reduction of favorable 
ecological niches ==> reduction of pop size ==> genetic bottlenecks

The imprint of the Quaternary Ice ages on gene 
level biodiversity

The imprint of the Quaternary Ice ages on gene 
level biodiversity

van Andel, Quaternary research 2002



The imprint of the Quaternary Ice ages on gene 
level biodiversity

The imprint of the Quaternary Ice ages on gene 
level biodiversity



A specific Mediterranean glacial refugial model :
•Numerous refugia (high spatial gene structure) 
•Large-size refugial populations in the eastern mediterranean (low genetic 
drift)

•Small-size refugial populations in the western Mediterranean and at low 
elevation (high genetic drift)

The imprint of the Quaternary Ice ages on gene 
level biodiversity

The imprint of the Quaternary Ice ages on gene 
level biodiversity

A few northern edge populations are successful European colonizersA few northern edge populations are successful European colonizers


