IPGRI Mediterranean Oaks Network

Report of the first meeting
12 - 14 October 2000 - Antalya, Turkey

S. Borelli and M.C. Varela, compilers

Programme (EUFORGEN)

)
©
8]
o
ép}
©
e
O
©
-
4b]
O
@
-
u
FUTURE
HARY/EST

<www.fulureharvest. org>

IPGRI is

a Future Harvest Centre
supported by the
Consultative Group on
International Agricultural
Ressarch (CELARN

“uropean



ii EUFORGEN Mediterranean Oaks Network: First meeting
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Resources Support Programme, and (3) the International Network for the Improvement of Banana and Plantain
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The international status of IPGRI is conferred under an Establishment Agreement which, by January 1999,
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Faso, Cameroon, Chile, China, Congo, Costa Rica, Céte d'Ivoire, Cyprus, Czech Republic, Denmark, Ecuador,
Egypt, Greece, Guinea, Hungary, India, Indonesia, Iran, Israel, Italy, Jordan, Kenya, Malaysia, Mauritania,
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Switzerland, Syria, Tunisia, Turkey, Uganda and Ukraine.
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Commodities, Technical Centre for Agricultural and Rural Cooperation (CTA), European Union, Food and
Agriculture Organization of the United Nations (FAO), International Development Research Centre (IDRC),
International Fund for Agricultural Development (IFAD), International Association for the Promotion of
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The European Forest Genetic Resources Programme (EUFORGEN) is a collaborative programme among
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the Protection of Forests in Europe. EUFORGEN is financed by participating countries and is coordinated by
IPGRI, in collaboration with the Forestry Department of FAO. It facilitates the dissemination of information
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objectives and methods for selected species. The networks also contribute to the development of appropriate
conservation strategies for the ecosystems to which these species belong. Network members and other
scientists and forest managers from participating countries carry out an agreed workplan with their own
resources as inputs in kind to the Programme. EUFORGEN is overseen by a Steering Committee composed of
National Coordinators nominated by the participating countries.
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SUMMARY OF THE MEETING 1

Summary of the Meeting

Opening

Mr. Yavuz Yiksel, vice Undersecretary of the Ministry of Forestry, welcomed the
participants and underlined the importance of protecting the genetic diversity of forests. He
described the forest cover in Turkey and the efforts of his country to conserve plant genetic
diversity through both in situ and ex situ measures. Large conservation projects were
launched with the assistance of the World Bank. He also indicated that Turkey has 18 oak
species (3 of which endemic) and he described the factors that currently threaten oak forests.
He underlined the important role of oaks in Mediterranean forest types.

He added that he is sure that some of the threats are common to all Mediterranean
countries and that it is very important to act in a coordinated fashion at an international
level. He announced that Turkey has initiated the procedure to become full member of
EUFORGEN and he hoped that this would happen before the end of the year. Finally, he
wished the participants a successful meeting and a good stay in Turkey.

Maria Carolina Varela, chair of the Network briefly outlined the history of the S2
resolution, of the EUFORGEN Programme and of the Quercus suber Network. She then
introduced the scope of the new Network.

She welcomed the participating countries (13) and thanked the National Coordinator
Hasan Ozer, the Network member Nihal Ozel, the local organizers and the Turkish
Government for the excellent organization and for their participation, which shows the
importance of the collaborative work on forest genetic resources.

Simone Borelli, of the EUFORGEN Secretariat, gave a brief introduction on Phase II of
EUFORGEN, a brief summary of the results of the most recent meetings of other networks,
highlights on upcoming meetings and activities in progress in the Programme at large.

The agenda of the meeting was adopted.

History and main outputs of the Quercus suber Network

In order to provide background information on the past activities of the Q. suber Network,
the relevant members were asked to provide highlights of progress in the gene conservation
in their respective countries.

In France, the main progress was made in research on populations. Genetic diversity and
origin of the populations were studied with isoenzymes and cpDNA and two separate
groups, one related to Spanish populations and the other to Italian ones, were identified.
Also, some introgression from holm oak was found. Recently, new cork oak stands are being
established in some regions.

In Italy, many populations are degraded and have been invaded by other Mediterranean
species. As a result, the Ministry of Agriculture recently created a Task Group on the
restoration, reforestation and the conservation of gene resources of this species. Subsidies are
provided to owners who want to plant cork oak and in some regions, nurseries are being
developed and local types are being collected for reproduction. The cork oak industry is also
very interested in the protection of natural cork products.

In Morocco, the species is in regression due to problems with natural regeneration. Field
tests were carried out in relation to the EUFORGEN Network and the EU FAIR project -
European Network for the evaluation of genetic resources of cork oak for appropriate use in
breeding and genetic conservation strategies. Thirty provenances and 88 progenies from
seven countries were tested. The results of this work were presented in detail. Also studies
on introgression have been carried out in collaboration with INRA.
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To promote cork oak gene conservation, Portugal has been divided into 7 homogeneous
provenance regions and minimum standards for conservation have been defined.
Provenance trials have been carried out to assess different ecological and edaphic
requirements. The demand for cork is increasing and reproductive material has to be
imported, however origin is not always known.

In Tunisia, the cork oak stands have quite high economic importance, but surface is in
regression. The stands are highly disturbed and are declining due to lack of regeneration.
More systematic management started in 1970 and standard rotations were established.
Regeneration is carried out through direct sowing and seedlings. Research is currently
addressing the problems related to acorn storage and plantation techniques.

EU-FAIR project on the conservation of genetic resources of cork oak

The EU funded FAIR project was briefly presented. The overall objective was to carry out
provenance trials and progeny tests using material from all countries in the distribution area.
Acorns were collected and sent to Portugal. Plants were produced and trials set out in all
participating countries (except Algeria). The network of trials has been quite successful and
for the first time represents the entire natural distribution area. Scientific results have shown
that gene conservation is compatible with economic management. A management model
was proposed and will possibly be included in the technical guidelines.

Case study on genetic conservation in Spain

Pilar Jimenez presented the results of her research on genetic variation of Quercus suber in
Spain. An isoenzyme analysis was carried out on 22 populations. Allelic richness, number
of polymorphic loci identified and heterozygosity were measured. The most diverse
populations were those from south of Spain. Differentiation patterns were examined. The
results showed that in some marginal populations there is a strong founder effect. It also
appears that geneflow and population size maintain diversity and that marginal populations
are important and should be included in conservation programme.

Web page

Simone Borelli briefly presented the new structure of the EUFORGEN Web page and asked
network members to provide comments and suggestions. It was agreed to follow the same
layout as the one used for other networks and to include country reports and country
updates as appropriate.

Bibliographic databases

Simone Borelli presented the proposed EUFORGEN bibliographic database on gray
literature. Network members endorsed the idea of having a single database that would
cover all species that are included in the EUFORGEN programme and would be accessible
via the Internet. This would also facilitate access to the general public. An Access form has
been developed and will be circulated to Network members by 31 October 2000. Excel and
Word versions are also available, but contributors are encouraged to use Access whenever
possible. It was clarified that each member should restrict contributions on gray literature to
those available in his/her own country. However, in the case of Mediterranean oaks,
international references will also be included in the database.

Technical guidelines

There is an ongoing discussion within the Networks on the preparation of a EUFORGEN
“manual” on general principles of gene conservation of forest trees. This issue will be
discussed at the upcoming Inter-Network Meeting. As a result technical guidelines for
individual species would be restricted to describing the biology, ecology and genetic
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knowledge of the particular species or group of species and include practical management
guidelines directed to practitioners.
The existing version of the technical guidelines was discussed and it was agreed that

further clarification is needed on the following points:

e Overall objectives of the technical guidelines should be clarified

e The rationale of MPBS (choice of material could be based on expected future changes)
should be explained

e A justification for proposed method for conservation of associated species should be
added

¢ Density could be used as a criteria together with age classes

e Marginal populations should be considered

e Minimum standards should be further developed and included

e Support for natural regeneration and assisted natural regeneration when appropriate

¢ Both ex situ and in situ methods should be considered

Maria Carolina Varela and Gosta Eriksson will prepare and circulate a new draft of the
relevant chapter by 31 March 2001.

Priorities for the Mediterranean Oaks Network

Introduction

Francesco Spada made a general presentation on the current situation of oaks in the
Mediterranean. He analyzed the origin of the existing subgenera and debated whether they
actually present typical Mediterranean characteristics. He also tackled the issue of taxonomy
and of the problems created by a lack of communication and exchange between botanists in
the past. He presented anedoctal evidence on some of the most amusing cases. He
underlined the importance of gene conservation and of genetic research in finally clarifying
systematics of the oak genus.

Country reports

All Networks members presented a report on the current status of Mediterranean oaks in
their respective countries and will provide the Secretariat with an electronic version of the
report itself by 15 November 2000.

Working sessions

After some discussion on methodology, participants were divided into two groups to discuss
a number of issues related to widely occurring (group 1) and rare and threatened species
(group 2). The groups were asked to respond to a number of questions related to the
characteristics of the species, existing threats and current needs and priorities for
conservation. The results of the working groups are summarized in annex 1.

Workplan

The working groups then reconvened to discuss which activities the Network could carry
out in the coming years. Five main areas of involvement (research, information, legal and
policy issues, technical guidelines and public awareness) were discussed in the two working
groups. Each working group proposed a set of activities and these provided the basis for
workplan below, agreed during the final session of the meeting.

Public awareness
The idea of a public awareness video was launched. However, this would require some
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initial investment and some effort on the part of each country to collect footage on local
forest species. Eman Calleja offered to prepare a brief feasibility study. The proposal will be
circulated to network members by 31 December 2000.

There was general agreement on the preparation of a Photo CD, which would include
images on all Mediterranean oaks. Each country will be responsible for providing slides on
different aspects (full tree, landscape, traditional uses, morphological characters, etc.) of local
species as soon as they become available. Nihal Ozel offered to be in charge of collecting the
images and transferring them to CD Rom. The collection would be available to all members
to be used for different PA material, publications, web pages etc. The Secretariat will
provide existing format by 15 November 2000.

It was also decided that a EUFORGEN brochure on Mediterranean oaks directed at a
general “forestry” public and decision makers would be produced. Luis Gil and Maria
Carolina Varela offered to prepare a first draft of the text that will be circulated by 15 March
2001.

Information management
A proposal was made to produce a database of genetic resources of Mediterranean oaks.
This would include information on stands of relevant species in different countries.
However, a prerequisite for the development of the database is the formulation of
descriptors for Mediterranean oaks stands. Alexander Alexandrov offered to prepare a draft
proposal, which will be discussed at the next Network meeting. The draft will be circulated
one month before the meeting itself. The Secretariat will provide copies of the descriptors
developed for P. nigra and Noble Hardwoods.

The database of stands will follow as soon as the descriptors are finalized.

It was also decided to collect existing distribution maps of Mediterranean oaks. Maps will
be provided to the Secretariat for scanning and posting on the Internet by 31 March 2001.

Technical guidelines

A consensus was reached that, since there is limited knowledge of the ecological and genetic
characteristics of most of the species, the elaboration of technical guidelines for
Mediterranean Oaks is premature. Therefore, for the time being the Network will
concentrate on finalizing those for cork oak.

Legal issues

The question of regulations of use of reproductive material for afforestation was raised. It
was decided that this issue would be best tackled at the level of the Inter Network meeting
and of EUFORGEN in general.

Research needs
A number of research needs were identified:

e Geneflow in species made rare by fragmentation caused by human impact (with
microsatellites and/or other markers)

¢ Geneflow in naturally rare species

e FEcological conditions for growth of rare oak species

e Better clarification of taxonomic status of Mediterranean oaks

¢ Characterization of genetic structure based on adaptive traits

¢ Role of hybridization for gene conservation

e Impact of silviculture sensu latu on genetic composition

¢ Delimitation of regions of provenance

e Wood properties and Non Wood Forest Products
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In view of the complexity of issues to be addressed it was decided to prepare concept note
(2-3 pages) on possible research projects that would involve the largest possible number of
countries. Luis Gil agreed to develop a proposal on Q. ilex and Vlatko Andonovski and
Alexander Alexandrov would prepare a similar proposal for Q. pubescens or Q. frainetto.

Gosta Eriksson suggested a COST action as a possible tool to develop these proposals
further. This would also provide the necessary interdisciplinary focus.

Election of Chair and Vice Chair

The Network proposed to have both a Chair and a Vice Chair, which would represent both
the eastern and western part of the Mediterranean Basin. Luis Gil was elected as Chair of the
Mediterranean Oaks Network and Vlatko Andonovski was elected as Vice Chair.

Both the Network members and the Secretariat expressed their sincere gratitude to Maria
Carolina Varela for her commitment and efforts in the implementation of the S2 Resolution
and in ensuring the success of the Q. suber Network and its smooth transition to the
Mediterranean Oaks Network. The main role Maria Carolina Varela played in the
provenance trial of cork oak and of course, her pleasant personality, were also underlined.

Maria Carolina Varela thanked all the members for the support and wished the Networks
members a successful continuation of activities.

Date and Venue of the next meeting

The next meeting of the Mediterranean Oaks Network will be held in Spring 2002. It was
proposed that Malta hosts the meeting, but confirmation will follow. In the event this first
proposal should not be successful, Macedonia FYR also offered to organize the meeting.

Adoption of the report
The report was adopted and distributed to the participants.

Conclusions

Jozef Turok, on behalf of IPGRI, thanked Hasan Ozer and Nihal Ozel for the excellent
organization of the meeting. Luis Gil also thanked the local hosts for their kindness and
declared the meeting officially closed.
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The EUFORGEN Quercus suber Network and the research projects
for the evaluation of genetic variability of cork oak

Maria Carolina Varela
Estacéo Florestal Nacional, Lisboa, Portugal

Cork oak - an odd forest tree
Naturally restricted to the seven western Mediterranean countries - Algeria, France, Italy,
Morocco, Portugal, Spain and Tunisia - cork oak (Quercus suber L.) is the only plant species
capable of producing cork with the physical and chemical properties that are suited to
supply an important industry: cork stoppers for wine.

Long lifespan, complex and late assessment of cork qualities and irregular reproductive
behaviour are some of the aspects that make genetic studies of cork oak a difficult task.

Notwithstanding its economical interest, cork oak has often been replaced by other
species and its area has been reduced. On the outskirts of the “economic” core the species is
often found in small marginal and scattered populations, refugia from previous occupation.
Both the rather uncontrolled propagation material supply and the conservation of genetic
resources of cork oak are both a cause for concern.

Increased demand for high quality cork, boosted by the increase in consumption of
bottled wine makes genetic improvement an important component of the economical
sustainable management of the species.

Cork oak gene conservation

This species was designated as pilot species for the Mediterranean zone of Europe in 1992,
and the cork oak network was soon enriched by the expertise on genetic improvement of
long living species coming from Sweden and Germany.

Strategies for EUFORGEN Quercus suber Network

The overall objective of dynamic gene conservation is to create good conditions for adaptation of
the species. The need of outlining objectives of cork oak gene conservation before taking
decisions on methods was clearly stated by Varela and Eriksson (1995).

Since genetic variability and heritability depend on additive genetic variance of
populations, the strategy for gene conservation of cork oak was based on the following
principles:

e Small populations (above the threshold of genetic drift) evolve faster
e Saving genes with a frequency of 0.01 in diploid species is assured through populations of

effective size Ne > 50
e Rare genes show poor value for additive variance of population, the main driving force

for species adaptation
¢ There are no means nor genetic justification to save all genes
¢ Man-induced environment changes are occurring at a speed higher than ever before
e Measures have to be taken before all genetic knowledge is available
e [t is possible and desirable to match gene conservation with the economical exploitation

models of the species
e Multiple Population Breeding System (MPBS) is the most suited methodology to increase
of among-population variation.

The MPBS splits the gene resource population into 20 or more sub-populations with an
effective size of at least 50, which allows to safeguard the minimum level of additive
variance for adaptability

Over the years, the Multiple Population Breeding System concept was extended from
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intensive to simple breeding, to the management of the species under natural regeneration,
and also to the conservation of associated species.
The network identified the following issues for cork oak:
e Strategies for gene conservation
e Lack of genetic knowledge of adaptive traits
Need for improvement of cork quality and yield
Gene conservation of associated species
Economic management of cork oak gene resources populations
Methods to guarantee natural regeneration under multipurpose management
¢ Conservation of genetic resources in face of global climate changes

Lack of genetic knowledge of adaptive traits

Lack of genetic knowledge was recognised as a major limitation for gene conservation. To
assess the within and among population genetic variability of cork oak the network focused
on the need to establish provenance and progeny trials. Complementary studies on genetic
markers, morphology and eco physiology were also recommended.

Need for improvement of cork quality and yield

Two possible methods have been identified:

¢ Intensive breeding - ex situ MPBS model
The increase of among and within population variability makes ex situ MPBS the most
adequate methodology for intensive breeding (Namkoog 1984; Eriksson et al. 1993). Sub-
populations selected in a wide variety of ecological conditions in addition to specific
measures for small, scattered populations, allow merging intensive breeding and
conservation of genetic resources.

e Simple breeding - in situ MPBS model
While no intensive breeding programmes have been established for cork oak, simple
breeding combining gene conservation and slight genetic improvement is required. For
this purpose Varela and Eriksson, 1995 proposed an in situ version of MPBS through
selection of sub-populations of Ne >50 for seed supply. In order to capture the maximum
of the species potential adaptability, small marginal populations were also included.

Genetic research on cork oak
Research needs identified through the EUFORGEN cork oak network provided the basis for
a concerted action called European network for the evaluation of genetic resources of cork oak for
appropriate use in breeding and gene conservation strategies which included institutes from
Portugal (coordinator), France, Italy, Spain Germany and Sweden. The participation of
Algeria, Morocco and Tunisia was made possible by additional funding provided by
DGIB/ A- Microaction B7 4100

The project established a network of provenance and progeny trials based on common
genetic entries (figure 1) from the entire distribution area of cork oak (Quercus suberL.).

Participants to Project FAIR 1 CT 95 and Microaction B7/4100

Dr Maria Carolina Varela Institut Méditerranéen du Liege
Estacédo Florestal Nacional France

Portugal - coordinator

Dr Maria Helena de Almeida Dr Rosanna Bellarosa

Instituto Superior de Agronomia Universita degli Studi della Tuscia
Departamento florestal Italy

Portugal
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Dr Gabriel Catalan BachilierCentro de Prof Gosta Eriksson Swedish University of
Investigacion Forestal (CIFOR)- INIA Agricultural Sciences Department of Forest
Spain Genetics

Sweden
Dr Michel Bariteau Prof Hans Muhs
INRA- Laboratoire de Recherches Forestieres Institute fur Forstgenetik
Meéditerranéennes Germany
France
Microaction B7 4100 DGIB/A
Mr Benziane Mohamed Dr Khouja Mohamed Larbi
Administration des Eaux et Foréts INRGREF - Institut National de Recherche en
Morocco Génie Rural, Eaux et Foréts

Tunisia
Dr M. Harfouche
INGREF
Algeria

General objective and main tasks of the projects:

The objective of the project was to promote the establishment of simultaneous provenance
and progeny trials under standardized methodologies, representing the entire distribution
area, through a network of six European and three North African countries.

Data base implementation

Among other tasks the project also addressed the issue of creating a database for information
on cork oak genetic research. The database is available online on the Internet page of the
Estacdo Florestal Nacional:

http://www.efn.net.novis.pt/f0202 2.html

Provenance and progeny sampling

The possible effect of the size and number of blocks on the control of the environmental
component of the trials, together with the spacing required for adult cork oak, influenced
the decision on the number of provenance and progenies.

To evaluate the genetic variability of cork oak along its natural range 35 provenances was
considered the trade-off number, while identified seed lots from 20 individual trees
represented each provenance.

The high number of genetic entries involved made it necessary to separate provenance
and progeny trials. Using 88 progenies from mother-trees belonging to 4 out of 35
provenances provided the connection between the two kinds of trials.

The 17 trials established in France, Italy, Morocco, Portugal, Spain and Tunisia in the
winter of 1997/98 (Figure 1) hold a unique collection of material that can prove useful to
compare a wide variety of convergent research lines over time.
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Figure 1. Natural range of cork oak, zones of provenance collection and trials establishment

Field trials were established during 1997 and 1998 through funding from the respective
countries.

“European network for the evaluation of genetic resources of cork oak for appropriate use in breeding and ene conservation strategies”
Financing EU- ref- FAIR 1- CT 95 -0202

Provenance and trials :
34 provenance /22 mother trees

Portugal Spain Po:::;:l * France Italy Morocco Tunisia | | Algeria
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France
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Figure 2. Schematic representation of seed lots collection and plant production and trials
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Portugal
3 -prov
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Tunisia
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Experimental design for provenance trials
Two designs were used for provenance trials:

Table 1. Provenance tests for cork oak- m.t. -mother trees - Design 1

Plot Block Trial Observations
Genetic entries: 4 plants All m.t. 30 blocks
34 provenance
Design Square plot (m) RCB
Acreage Initial=3 x 3 36 x 34=1224 m* 1224 x 30=36720 m’=
Final=6x 6 =0.125 ha 3.7 ha
N. of plants Initial= 4 Initial= 136 Initial= 136 x 30= 4080 2 thinnings
Final= 1 Final= 34 Final= 34 x 30= 1020

Table 2. Experimental design for provenance tests for cork oak- m.t. -mother trees - Design 2

Plot Block Trial Observations
Genetic entries 8 plants All m.t. 15 blocks
34 provenance
Design Row plot RCB
Acreage Initial= 6 x 1.5 72 m’x 34= 2448 m’ x 15=
Final=6 x 6 2448 m’= 0.25 36 720 m’= 3.7 ha
ha
N. of plants Initial= 8 Initial= 272 Initial= 136 x 30= 4080 2 thinnings
Final=2 Final= 68 Final= 34 x 30=1020

For progeny tests, the proposal for a progeny trial of 5 provenances + 1 common provenance
was not feasible due to the insufficient number of plants in a considerable number of mother
trees (m.t.). Progeny trials had to be based on 3 or 4 populations making use of the full set of
m.t. for which enough plants were available at the end of the nursery phase.

Links were made through the common populations used on the progeny trial network
(some of the populations were used as «bridge population» between pairs of sites). The
experimental design was a complete block design with one-tree plots, organised as a split
plot, in order to assume a single thinning.

Table 3- Experimental design for progeny tests for cork oak- m.t. -mother trees

Plot Trial Observations
Genetic entries: 1 plant All available m.t. of the 22 blocks
3 - 4 provenances chosen provenance
Design Single tree plot ~ Restricted complete
randomization
Acreage Initial=6x 3 18m’x 22m.t. x 4prov.= 1584 x 22= 34848
(for an average n.  Final=6x 6 1584 m*= 0.16ha m’=3.5 ha
of 22 m.t. and 4
prov.)
N. of plants Initial = 2 Initial = 176 Initial= 3872 1 thinning
Final = 1 Final = 88 Final= 1936

Since afforestation actions could not wait for scientific answers to become available, an
informed use of results obtained during the trials allowed for some indications on choice and
use of reproductive material.

While provenance trials provided an indication of among population genetic variation,
progeny trials were the tool for evaluation of within population variability. The knowledge
of these two components is essential for understanding the possibilities for advanced
improvement and gene conservation programmes.
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Provenance trials

Under the pressure of increased demand for cork from the wine industry and the push for

new afforestation and setting aside of farm land coming from EU or from national support

for slow growing forest species, several thousands of hectares of cork oak are being
established in the European Union and North Africa every year.

Once, natural regeneration or seed collection in the vicinity were the dominant patterns
for the establishment of new stands. Nowadays, sowing or planting can only be supported
through large-scale seed procurement.

Transfer of reproductive material has always been a part of forestry activities, and in some
situations exotic material has either overcome or outperformed the local one.

Unfortunately, the inappropriateness of seed source may reveal itself only several years
later, leading to failures and showing that success is a matter of mere contingency if not
supported by results from provenance trials.

With the current knowledge, conclusive results from field tests on cork quality cannot be
obtained before the age of 40, when the second cork stripping takes place. However, early
results complemented by laboratory studies may be used for practical guidance.

The population structure of cork oak is being addressed through various genetic markers
studies. Jimenez (see page 15), found a migration rate of 7 individuals per generation, which
reveals high levels of gene flow. However, the available results show clear differences in
provenance behaviour, which might be due to strong natural selection overcoming the effect
of population differentiation caused by the migration effect.

Provenance trials are expected to provide information on among population variation,
particularly on aspects such as:

e Adaptation to local climate, especially winter temperatures and summer drought. Cork
oak spreads naturally on wide ranges of rainfall (2500 mm to 450mm), summer drought (1
to 5 months < 30mm) and winter temperature from mild to below zero. Within this wide
range, populations may have evolved adaptations leading to shock when transferred to
different sites.

¢ Soil type. Apart from hydromorphic or active calcareous soils cork oak is able to colonise
a broad variety of soils. The species spreads on rich and deep soils as well as on sandy
ones usually characterised by poor water retention. Tolerance to drought may have
evolved differently leading to problems in vigor when moving provenance material.

¢ Genotype X environment interaction. Decisions on the use of alien reproductive material
should be based on the appraisal of the level of genotype X environment interaction. High
interaction can cause considerable failures due to provenance shock, while low GXE
interaction allows basing the choice of afforestation material on economic characteristics,
independently from of the origin of the seed.

In conclusion, with the current knowledge, the use of local material is the most suitable
method for artificial regeneration of cork oak.

Short term results

Preliminary trials have already revealed different performances of the various provenances.
By age 10, a part of the climatic variation is expected to take place, and some insights may be
drawn for intermediate practical recommendations. Provenances with high rate of mortality
along the various blocks should be considered unsuitable for afforestation in edapho-climatic
conditions similar to those of the trial site. Decisions upon provenance of intermediate
behaviour will be postponed.
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Long term results
Considering that 40 years is a time span in which occurrence of major weather fluctuations is
probabilistically included, the ecological adaptation of the various provenances is expected to
be concluded at the time of the second and third cork stripping, that takes place around the
age of 40-50 (according to site conditions and individual tree growth).

An interactive processing of data coming from the trials on the various countries is
expected to provide complementary results, enhancing the appraisal of genotype
X environment interaction.

Complementary studies
Even though they are not suitable for appraising the adaptive profile of populations and
individuals, studies on genetic markers, eco-physiology, histology and other domains are
very important for characterising gene flow and mating patterns.

Reproductive behaviour of cork oak is also an important research area for providing
complementary information on the strategy for genetic improvement of the species.

Both aspects are currently being addressed through various research activities (Varela
2000; Varela et al. 2000; Carvalho and Varela 2000).

Progeny trials

The main objective of the progeny trials established after the concerted action FAIR 1 CT 95
0202 and the EU Microaction B7 4100 for North Africa countries was to assess the degree of
genetic control on cork production and quality.

In order to enhance the information from field trials, trials of 88 open-pollinated progenies
coming from 4 provenances (from the set of 35) were established under a split-plot single-tree
experimental design. The 4 provenances were chosen by each country based potentially
interesting characteristics such as drought or cold tolerance, cork quality, etc.

The possible effects of global climate change on the cork oak distribution range, such as
the probability of periods of extreme warmth, which would cause a reduction of growing
season and soil moisture levels due to greater evapotranspiration (Wigley 1992), also
influenced the choice of provenances for the progeny trials.

In order to get unbiased heritability values, progeny trials were based on a random
sample of trees rather than on selection of plus trees. Therefore, mother-trees were chosen
among the dominant strata on the basis of fruiting ability and health status. Trees with
obvious poor quality cork were not included. In order to mitigate the outcrossing rate, trees
to be included on the progeny trials were required to be at least 50-100m apart.

Genetic improvement or intensification of management will be privileged based on the
results of the progeny trials and according to the level of heritability.

Short term results
Poor progeny results are expected at an early age due to the longevity of the species and the
fact that all plants are half-sibs.

The phenotypic aspect of cork growth that is used in practice for early evaluation and
thinning still lacks scientific base. Histology observation and gene markers on progenies will
complement studies on phelogene - the tissue responsible for cork production - in order to
make early selection sounder.

Long term results
The half-sib progeny tests will allow for appraisal of heritability sensu stricto, although
conclusive results will not be available before the age of 40.

As they include 88 half-sib progenies, the trials included in this project are insufficient for
individual genetic selection. However, since the 88 progenies come from four of the
provenances used in the trials complementary results may be expected.



EU-FAIR Project on the conservation of genetic resources of cork oak 13

Economical management of cork oak gene resources populations
Since knowledge on adaptive traits of cork oak is very limited, Varela and Eriksson (1995)
argued that gene conservation and economical management of the species should be merged
through the identification of gene resource populations that cover a wide range of edapho-
climatic conditions.

Gene resource populations have been selected in order to allow for seed collection for
afforestation purposes.

The conceptual approach underlined the delimitation of regions of provenance for cork
oak in Portugal (Varela 2000) as a basic step for seed supply, in order to capture all existing
species adaptability.

Natural regeneration under multi purpose management and conservation of genetic
resources

In a considerable number of cork oak stands, natural regeneration is used and has proven to
be the best method. A simple breeding and conservation method of cork genetic resources,
which considers associated species, is proposed in figure 3.

To combine the various objectives, the area designated for natural regeneration should be
divided into plots closed to grazing and other activities that could damage the seedlings for a
period long enough to include 3 mast years. In order to maintain genetic variability area A
should contain a sufficient number of adult fruit trees to ensure that Ne >50. Taking into
consideration the reproductive profile of cork oak (Varela, 1994; Varela et al, 2000; Carvalho
and Varela, 2000) the closing time should be around 15-20 years and the plot should include
about 250 adult trees, which means 4- 6 ha for Portuguese average conditions for cork oak
forests.

During the regeneration process, management should be focused on thinning and
pruning practices as well as on shrub control in order to minimise fire risks. By the age of 15,
trees are usually able to withstand cattle pressures.

Furthermore, this process has a positive environmental influence and reduces movements
of fragile Mediterranean soils; particularly the poor and shallow ones where cork oak stands
usually grow. However, closing plots could lead to a temporary loss of income and
European Union or national programmes could support this practice, as is the case for
artificial regeneration.

Conservation of genetic resources of small marginal populations

Marginal populations growing in extreme environmental conditions may carry particular
adaptations useful for overall species evolution. Marginal populations with an effective size
>50 should be included in an in situ network. For populations of Ne <50 it is necessary to
promote an increase in effective size. Supplying local seedlings or seeds to forest owners
free of charge is a low-cost alternative for conservation of genetic resources from small
marginal populations.
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NR

Figure 3. Model for combining simple breeding and conservation of cork genetic resources while
taking care of associated species, under natural regeneration of multiuse exploitation of cork oak.
A=area to be closed to grazing and/or agriculture during 15/20 years. In order to include Ne > 50 for
cork average conditions the minimum area is 5 ha. NR=nature reserve for associated species
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Introduction

Due to the economic and ecological importance of cork oak, breeding and conservation
programmes are being developed. Therefore, delineation of the genetic variation within cork
oak is becoming an urgent task. However, the limited knowledge available on the genetic
structure of the species has precluded the use of well-targeted approaches.

Several recent studies have addressed genetic variation in Q. suber. Bellarosa et al. (1996)
compared Q. suber, Q. cerris L. and Q. crenata Lam., by comparing seed storage proteins and
rDNA genes. Hybridization between Q. ilex and Q. suber was studied by Elena-Rossell6 et al.
(1992), and introgression of Q. ilex and Q. suber has been described in mixed stands (Toumi
and Lumaret 1998). In a range-wide isozyme study, Toumi and Lumaret (1998) found high
levels of heterozygosity and identified intraspecific differences in populations from two
areas that are only partially geographically distinct. Allozyme variation restricted to seven
Spanish populations (Elena-Rossell6 and Cabrera 1996) confirmed the high levels of
heterozygosity and inter-population differentiation in these populations, but did not ascribe
differences to geographic area. The relevance of demographic and geographic factors to the
maintenance of genetic variability of the species needs to be investigated. In this sense, the
complex of fragmented cork oak forests found in Spain is of great interest for studying cork
oak genetic variation.

Results presented here are part of a study on genetic variation of cork oak in Spain, with
the following objectives:

e to assess diversity levels of Q. suber by means of molecular markers
to establish geographic structuration of variability

¢ to compare central and marginal populations

to obtain relevant information for gene conservation programmes.

Materials and Methods

Genetic variability was assessed by means of isozyme analysis, using starch gel
electrophoresis. Seeds were collected from 22 populations distributed throughout the
natural range of the species: eighteen from Spain, and one each from Portugal, Morocco,
Sicily and continental Italy (Figure 1).

Each population was classified as being central or marginal, depending on the degree of
isolation. A stand was considered isolated if it was more than 50 km from the closest cork
oak stand. Marginal populations are generally located in the periphery of the range and can
be subdivided into three different types: 1) relatively large isolated populations; 2) a series of
small and nearly sympatric populations isolated in the same area; or 3) isolated and small
stands.

A total of 15 enzyme systems were analysed (GOT, ACPH, ADH, CAT, LAP, MDH, MNR,
6PGD, PGI, PGM, SKDH, SOD). Allelic frequencies and parameters of intra- and
interpopulation diversity were calculated.

The contribution of each population to total diversity was calculated following the
method developed by Petit et al. (1998).
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Figure 1. Natural range of Q. suber (dotted area) and location of populations included in the study.

Results

Fourteen loci were evaluated for the 12 enzymatic systems, 9 of them showing variation. The
total number of alleles was 29, including the monomorphic loci. Most of the variants appear
in every population. Only two private alleles (i.e. restricted to a single population) were
found (Adh-3 and 6Pgd-B-1), and others were present in few populations. The case of Acph-
C-1, appearing in populations from the northwest and centre of Spain is remarkable (Figure
2).
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Figure 2. Distribution of restricted alleles

The species shows a low level of polymorphic loci: 64% (at the 99% confidence level), with a
range of 43 to 64% between populations. The mean number of alleles per locus was 2.07,
ranging from 1,64 to 1.93 between populations. Regions with higher allelic richness are
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southern and central Spain (the main range of cork oak in Spain), while less variation was
found in Italy and in the north-northeast of the Iberian Peninsula. This loss of alleles
corresponds with small or isolated populations, where drift events can easily occur (Table 1).

Levels of expected heterozygosity within populations (He) varied from 0.116 to 0.168,
with a mean value of 0.157. The highest values were found in southern populations and in
some populations from central Spain. A pattern similar to that of allelic richness can be
appreciated: higher variation in the south of the range and in central Spain.

Multilocus analysis shows high allelic richness, from 17 to 59 different genotypes in each
population. Difference between observed number of genotypes and genotypic diversity (1)
(Gregorius 1978) indicates that genotypes do not have a uniform distribution. Total
population differentiation (6,), which equals 1 when all the sample members are different, is
always higher than 0.9. This can be correlated with the mating system of cork oak:
outcrossing and diversification of flowering time within and between trees.

Table 1. Parameters of diversity for each population Na: number of alleles; Ne: effective number of
alleles; PI-95: polymorphic loci at 95% criterium; PI-99: polymorphic loci at 99% criterium; He:
expected heterozygosity; V': genotypic diversity; J,: total differentiation.

Pop Na Ne PI1-95 (%) PI1-99 (%) He v S,

Ba-Alb 1.86 1.22 5(35.7) 8 (57.1) 0.134 10.029 0.913
Ba-Jer 1.86 1.27 5 (35.7) 8 (57.1) 0.152 12.738 0.932
Ca-Alm 1.93 1.31 7 (50) 9 (64.3) 0.167 26.130 0.971
Cc-Chm 1.86 1.25 6 (42.8) 9 (64.3) 0.149 12.919 0.933
Cc-Civ 1.71 1.24 6 (42.8) 8 (57.1) 0.147 12.569 0.929
CR-SMad 1.79 1.29 7 (50) 9 (64.3) 0.163 22.827 0.967
Cs-Esp 1.64 1.25 5 (35.7) 6 (42.8) 0.141 13.760 0.936
Gi-Col 1.79 1.29 4 (28.6) 7 (50) 0.149 20.146 0.963
Gi-Fig 1.64 1.25 4 (28.6) 6 (42.8) 0.138 17.801 0.955
Gr-Haz 1.79 1.31 6 (42.8) 9 (64.3) 0.168 27.222 0.973
It-Laz 1.64 1.19 4 (28.6) 8 (57.1) 0.116 10.136 0911
It-Sic 1.71 1.26 4 (28.6) 8 (57.1) 0.148 12.276 0.928
M-Hoy 1.79 1.24 7 (50) 9 (64.3) 0.149 21.254 0.962
M-Par 1.93 1.29 7 (50) 8 (57.1) 0.165 14.773 0.941
Mr-AinR 1.93 1.28 5 (35.7) 9 (64.3) 0.163 26.866 0.971
Ou-Sil 1.86 1.25 6 (42.8) 8 (57.1) 0.154 9.375 0.908
Po-Alp 1.86 1.25 5 (35.7) 7 (50) 0.144 12.319 0.929
S-Lieb 1.79 1.25 4 (28.6) 8 (57.1) 0.139 12.829 0.933
Sa-CRod 1.79 1.27 5(35.7) 9 (64.3) 0.158 13.827 0.940
Sa-Val 1.93 1.29 6 (42.8) 8 (57.1) 0.164 21.228 0.961
To-Bay 1.79 1.30 6 (42.8) 7 (50) 0.164 18.630 0.958
Z-Ses 1.71 1.27 6 (42.8) 6 (42.8) 0.152 20.915 0.964
Total 2.07 1.28 5 (35.7) 9 (64.3) 0.157 16.844 0.944

Comparison central-marginal populations

Comparison between central range and peripheric (marginal) populations does not show
significant differences between these groups, either for number of alleles (Na) or
heterezigosity (He) (Table 2). But, taking into account demographic size and geographic
isolation, higher allelic richness is observed in central populations in comparison to isolated
and small stands. However, there are differences within the marginal group, and some
peripheric stands are more diverse than central ones. Then, it can be concluded that
marginal populations do not constitute a homogeneus group with similar genetic processes.
Demographic factors are probably overlapping with geographic variation and with historic
events (Jiménez et al. 1999).

Table 2. Mean comparison for number of alleles (Na) and expected heterozygosity (He) for each of
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central and marginal groups. *= significant differences at 95% confidence level.

Groups Na He

Central - Marginal 0.0416 -0.005
Central - Unique large stands 0.1071 -0.0039
Central — Unique small stands 0.1071* 0.0118
Central - Several small stands -0.0238 -0.0084
Unique large stands - Several small stands -0.1309 0.01575
Unique large stands - Unique small stands 0.0000 -0.0045
Several small stands - Unique small stands 0.1309* 0.0202*

Geographic structuration

F-statistics values (Table 3) show how most of diversity is within populations.
Interpopulation differentiation (F) is 3%, a low figure typical of forest species. Number of
migrants (Nm) is high, indicating an important gene flow that leads to the homogeneity of
populations. In consequence, Nei's genetic distances were rather low. The dendrogram,
however, makes it possible to identify a geographic structure. Italian populations are clearly
separated, being on a different line (Figure 3). Furthermore, southern and western
populations appear to be two coherent groups. The structure is distorted by marginal

populations, in which drift events randomly modify allelic frequencies.

Table 3. Wright's F-statistics (F, F,, y F,) and number of migrants (Nm) estimated as (1-F ) /4F

Locus F, F, F, Nm

Acph-C 0.151 0.174 0.027 8.908
Adh 0.060 0.085 0.026 9.268
Got-B 0.169 0.192 0.028 8.786
Lap-A 0.015 0.033 0.018 13.447
Mdh-A 0.179 0.193 0.017 14.145
6Pgd-A 0.121 0.130 0.011 22.940
6Pgd-B 0.119 0.130 0.013 19.822
Pgi-B 0.047 0.100 0.056 4.254
Skdh 0.019 0.057 0.039 6.201
Mean 0.053 0.085 0.033 7.331

Seuthers populations

Western populztions

Tralian pupuhutiﬂnl

Figure 3. Dendrogram obtained from Nei’s genetic distances



GENETIC VARIABILITY OF QUERCUS SUBER

19

o

-~

L
4
L %
;oe o g dli];'-1
/ -~ i :
4 ) - s WP Y i
r"r : .'g B § I"*., i, %E
TR — .:J e e N
f gy 8 . ®
s t <54 = ) T

i

b
Ve

Lo

3

- |'.
1 -0 W,
[URCERIE L B
[0 230

S

—"I.L‘_J_.__

=

I L A
R B R
L QA TR L e

5 “TET

¢

-“\,_ ey

)
L:i*gfgg”'
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Figure 5. Contribution to total allelic richness of each population. Semicircle above = diversity
component; semicircle below = differentiation component. Positive values are represented in black,
negative ones in white

Contribution to total diversity of each population
The importance of each population for conservation was estimated as described in Petit et al.
(1998). Each contribution is calculated for diversity (He) and for allelic richness (INa)
subdivided into two components: contribution due to the diversity of the population itself,
and contribution due to its differentiation.

The most diverse populations (South of the range and central Spain) logically have
positive contributions to total diversity, but usually they are not differentiated from the rest
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(Figure 4). Within marginal populations, both positive and negative contributions are found,
but many of them present important differentiation components. This divergence is even
more marked in the contribution to allelic richness (Figure 5): some marginal populations
have positive values in spite of a reduction in the number of alleles. These populations can
be considered, as the most differentiated component of the species, and constitute an
important part of its variability.

Implications for conservation

Some conclusions can be drawn from the enzimatic study presented above:

¢ Genetic structure of cork oak in Spain reveals a strong influence of historic events. Loss of
diversity in the north and east of the country is probably related to colonization patterns
(founder effects).

¢ Gene flow and demographic size appear to be determinant factors in the maintenance of
gene diversity within populations.

e Marginal populations constitute a relevant element for conservation programmes, since
they do not show a generalized reduction of diversity and they have divergent genetic
patterns. In this sense, in order to include all the variability of cork oak, marginal areas
should be included among the conservation zones together with a number of central
populations.

¢ Since the characteristics of mating systems generate high intrapopulation variability,
management of the species should promote natural regeneration as a method to preserve
gene diversity.
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Introduction
When dealing with Mediterranean oaks, it is crucial to identify a sufficiently univocal
definition of the term "Mediterranean”.

A first option is to consider as Mediterranean the evergreen species whose main range is
centred in the coastal and subcoastal districts of Southern Europe, Near East and Northern
Africa. This assumes that the evergreen habit is a distinctive character of Mediterranean
vegetation. Following this approach (cf. Polunin and Huxley, 1974), the evergreen taxa
among the oaks (and subordinately the semi-evergreen ones) have traditionally been given
the status of diagnostic elements in the current definition of Mediterranean woody vegetation
as a thicket (the "maquis”) mainly dominated by evergreen shrubs and small trees
displaying a steno-Mediterranean distribution type.

This interpretation is, therefore, based on functional characteristics of the species and on
the prevailing physiognomy of the vegetation within the districts where Mediterranean
climatic condition are recorded (according to current classifications). Thus, the term
“Mediterranean” is given an ecological delimitation.

Other scholars give the term a merely geographical definition. In this sense, temperate
forests at medium altitudes on the Mediterranean mountains, as well as grasslands and
heaths on summits are also classified as “Mediterranean”. From a strictly biogeographical
point of view this is consistent with the distribution patterns of the taxa in their floras at a
continental scale. The populations of temperate, winter-deciduous oaks which grow in
extrazonal and azonal outposts and isolated stands of boreotemperate Eurosiberian
vegetation scattered in districts dominated by an ecologically defined Mediterranean
(evergreen) zonal vegetation are a typical example. On these sites they are represented by
taxa at subspecies or ecotype level that have their own taxonomical dignity and ranges,
which are geographically “Mediterranean” (cf. Q. pedunculiflora, Q. dalechampii, Q. virgiliana).

Based on the above considerations, both deciduous and evergreen species could
potentially be included or not in the cluster of “Mediterranean” oaks, depending whether the
emphasis is on the ecological delimitation of Mediterranean species and ecosystems or on the
biogeographical one.

The weakest point of this argument is the assumption that evergreenness is a distinctive
characteristic of Mediterranean vegetation. In all likelihood, this is not completely correct,
suggesting that evergreennes versus deciduousness are not the critical characteristics to be
used in the definition of the Mediterranean oaks. As some examples from the evolutionary
history of the taxa will show, Mediterranean adaptations and Mediterranean ranges are not
as clearcut attributes as they appear. Phylogeny, distribution and adaptive traits are largely
overlapping features.

The evergreen species
Nevertheless, if we were to refer to evergreen oaks only, we ought to consider Quercus ilex
(including its subspecies rotundifolia and other western Mediterranean closely related taxa),
Q. suber, Q. coccifera (including its subspecies calliprinos), Q. aucheri (assuming it possesses the
dignity of species and is not a mere geographical differentiation of Q. coccifera) and Q.
alnifolia as Mediterranean species. To these we should add more common hybrids such Q.
morisii (Q. ilex X Q. suber).

In this case, the whole subgenus Schlerophyllodrys Schwarz, but also part of the subgenus
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Cerris Schwartz (which displays evergreen, semideciduous and deciduous taxa) is included
into the cluster of the Mediterranean oaks.

Dealing with the subgenus Schlerophyllodrys and, in particular, with Q. ilex, it is interesting
to observe that, according to most authors (Champion et al., 1965; Khan et al., 1977), this
species has a very large range, reaching at least the Western Himalayas, where it is
represented by a closely related taxon, Q. baloot. In fact, Shah et al. (1996) suggest, on the basis
of morphological comparisons and patterns of seed reserve proteins, that this taxon is distinct
from the European populations of Q. ilex s.1.

Nonetheless, it is fact that the "Mediterranean area”, i.e. the area isoclimatically delimited
according to Daget (1977), does extend exactly as far as Pakistan. As a consequence, we
ought to include many Asiatic species with ranges that go far beyond the geographical
boundaries of the Mediterranean region into the cluster of Mediterranean oaks. This should
not be so controversial if we consider that the reproductive cycle of Q. baloot, like the ones of
other Himalayan oaks, is similar to the one displayed by Q. ilex and Q. coccifera. Moreover,
the environment in which Q. baloot grows, and the functional traits of its associated
vegetation are very similar to the ones recorded in the Mediterranean region.

This evidence is also useful to understand the origin of evergreen Mediterranean oaks and
the evolutionary history of the genus Quercus in the Old World, stressing the non-specificity
of the definition "Mediterranean”.

This could mean that Q. ilex s.I., or rather its ancestors, descends from an evergreen shrub
of tropical mountains, which later adapted to the undergrowth of coniferous forest (see
related species in the Himalayas: Q. semecarpifolia still grows along a belt close to the
timberline). In fact, these forests of Picea, Abies, Cedrus and Taxus are relics of the old forest
formations that existed prior to the outburst of the Angiosperms, which were able to survive
across the Neogene at the lower latitudes in the areas of the Holoarctis affected by the Alpine
orogenetic upheaval. The analogies with the evolutionary history of the present-day species
of Ilex and especially Ilex aquifolium of W-Eurasia are striking. Later on, this subtropical
evergreen taxon, formerly scattered along the coasts of the Tethys, might have survived in
the areas corresponding to the present-day Mediterranean and in Western Himalayas,
disappearing in the areas in between as a consequence of the Neogene climatic deterioration
(desiccation), changes in the reassessment of land masses (obliteration of the Tethys) and to
the subsequent (semi-) desertification in the Middle and Near East. This distribution gap
enhanced the genetic drift and is likely to have been larger than it is today during some of
the main climatic fluctuations of the Quaternary.

According to this interpretation, the subgenus Sclerophyllodrys could have maintained leaf
persistence as an atavistic trait (see Scharfetter, 1953). This trait would have survived thanks
to the lack of climatic constraints in the coastal and subcoastal districts of the Mediterranean
regions (where relatively mild maritime conditions buffer the drought) and in Western
Himalayas, where the local patterns of monsoonal climate allow it. In these areas some kind
of climatic relaxation is a constant throughout time, and is to be always recorded somewhere
in the Mediterranean or in the surrounding regions even during the most extreme glacial
maxima (North Africa, Sahara: see Zohary, 1973).

Therefore, Sclerophyllodrys is refugial at least in the Mediterranean areas and its
evergreennes is probably an adaptation. In this sense, evergreenness can by no means be the
diagnostic trait in the definition of the Mediterranean oaks.

The semideciduous species

If we broaden the cluster of Mediterranean oaks to encompass the semi-evergreen ones, the
Q. macrolepis/ Q. aegilops/ Q. ithaburensis species swarm should be included too. These taxa all
belong to subgenus Cerris Schwarz and exhibit a true Mediterranean distribution pattern.
Leaf subpersistence is also recorded in Q. faginea and Q. fruticosa (=Q. lusitanica), an Iberian
endemite belonging to the subgenus Quercus Schwarz (into which the most significant
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species of the European temperate forests, Q. robur and Q. petraea are included).

As the Mediterranean climate is sufficiently mild to prevent the evolution of specific
adaptations, such as a complete, rapid leaf-fall at the onset of winter, the semi-evergreen Q.
afares, Q. libani and Q. trojana and the hybrid between Q. cerris and Q. suber (X Q. crenata), can
be included in the Mediterranean cluster. That is to say, the whole subgenus Cerris gets
included, except for Q. cerris, which is fully deciduous (on the other hand, populations where
juveniles retain some green leaves during the winter have been recorded on the coast of
central Italy).

Q. cerris is very common up to medium elevations in peninsular Italy and Greece, and is
also found scattered over large areas with sub-continental climate throughout the Balkans
(Horvat et al., 1974). In Turkey, it occurs as far inland as the transition zone between the
forests and the Anatolian steppe, where its deciduous habit is fully developed and well
adapted to the true continental and often semi-desertic conditions of its local range. This
reinforces the interpretation of deciduousness as a derived character in the subgenus Cerris.
It also gives the semideciduous habit of most of its taxa, characterised by leaves which,
though dry and withered, remain on the tree until the new ones appear at the beginning of
spring (Q. trojana), a transitional status.

Probably, of all species that differentiated from the primitive Q. drymeia (fossil prints of
leaves belonging to this species closely resemble those of the subgenus Cerris) in the area
between the Caucasus and Western Persia during the Pliocene, Q. cerris was the one that best
exploited its adaptation to drought. Its biennial reproductive cycle is well suited to
overcome stress due to winter cold, and allowed the species to migrate northwards (reaching
the southern slopes of the Alps). The same route was followed to a lesser degree by Q.
trojana, which does not occur North of Central Bosnia (cf. Schirone and Spada, 1995). The
other species belonging to the subgenus exploited the same fruit maturation strategy and
were able to colonise areas of the Mediterranean with a semiarid climate (Q. Iibani, Q.
macrolepis s.1., Q. afares), or to reach the much drier territories at the border of Afghanistan (Q.
regia, Q. persica, Q. eherembergii, Q. castaneifolia). Thus, the expansion of Q. cerris toward the
western limits of its range (Italy), is probably a recent phenomenon, induced by the glacial
cycles, while its present day frequency in stands is largely a product of human impact on the
formerly mixed forest of the peninsula. Moreover, Q. cerris seems to behave as one of the
late successional species in recovering stands of formerly disturbed Mediterranean forests
dominated by evergreen Q. ilex and Q. suber, at least in peninsular Italy. This suggests that,
in areas with true Mediterranean climate, a "pure” evergreen community is likely to be a
mere consequence of long-lasting human disturbance.

It is worth mentioning that according to Camus (1936-54), on the basis of morphological
characteristics, Q. libani, Q. macrolepis s.I., Q. afares, Q. regia, Q. persica, Q. eherembergi, Q.
castaneifolia, Q. trojana belong to a distinct subsection Macrolepides, whereas she includes Q.
cerris into subsection Eucerris. Q. cerris should therefore represents the transitional taxon to
the section Mesobalanus of the subgenus Quercus Schwarz, which includes many taxa with the
bulk of their range in the Mediterranean region, such as Q. pontica, Q. infectoria, Q.
macranthera, Q. vulcanica, Q. frainetto and Q. pyrenaica (= Q. toza). Among these, Q. pontica,
though extremely interesting from the ecological and conservational point of view, does not
fall within the areas with a Mediterranean climate sensu Daget (1977), whereas Q. macranthera
is only partially included in it. Q. frainetto is the only well defined species of the group,
while, the phylogenetic relationships of the other four with other taxa of the subgenus
Quercus and in particular with the Q. robur species group, are still partially unclear.

The deciduous species
So, what is an operational definition of the Mediterranean oaks for the purpose of the
conservation of their genetic resources?

Historically, a first attempt to label Mediterranean oaks was provided by Camus (1936-
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54), who argues that both evergreen and deciduous taxa should be considered. She lists all
species of the subgenus Schlerophyllodrys Schwarz, all species of the subgenus Cerris Schwarz
including Q. cerris (with several infraspecific taxa), and a number of species of the subgenus
Quercus Schwarz. In particular, the latter group included Q. frainetto and other earlier
quoted taxa of the section Mesobalanus (Q. faginea, Q. lusitanica) and especially many
infraspecific taxa of the large species swarm related to Q. robur, Q. petraea and Q. pubescens
(the Q. robur of the Linnean taxonomy: cf. for the flora of Italy, Fiori, 1923).

This list seems to be largely acceptable. But, if we wish to maintain some kind of
ecological consistence, which is operationally adequate when using the delimitation of the
Mediterranean area proposed by Daget (1977), we must exclude Q. robur s.s. and Q. petraea
s.s. These are species with their main range in Central Europe, growing in areas with a
temperate and subcontinental climate. They are represented by a large number of local
differentiations in southern Europe, either mere ecotypes or taxa at infraspecific level, be it
phenospecies or semispecies, which appear to be ecological or geographical manifestation of
a large syngameon.

Among the closely related taxa, Q. pubescens is representative of the difficulties of
clustering Mediterranean oaks, a real borderline case within its own taxonomic group. The
species, which was previously considered as a subspecific taxon of the Linnean Q. robur, is
extremely polymorphic and is likely to be genetically very heterogeneous, due to local
patterns of genetic flow, local persistence of atavistic characters, local patterns of
hybridisation and introgression. The taxonomic legitimacy of most taxa listed by the
Authors of Mediterranean Floras can be seriously argued. Many endemic species described
as endemic in S Europe are likely to be phenospecies or represent individual variations of Q.
pubescens s.1.

In fact, this species cannot be rigorously defined Mediterranean, as its range extends far
beyond the area characterized by Mediterranean climatic conditions. It occurs largely in the
most extremely continental territories of Eastern Europe, North and East of the Black Sea,
where it represents the arborescent component of the western Eurasian forest steppe (Horvat
et al., 1974). The Q. pubescens species swarm probably differentiated from a more mesic
ancestor within the Arctotertiary oaks, in an environment centred around what is today the
transcaucasian steppe. Due to a long lasting condition of continental climate, this region was
one of the core-areas for the evolution of xeromorfism during the Neogene. There is
evidence suggesting that its colonisation towards the South and the West could be related to
the spread of semidesertic or steppic ecosystems over large areas of southern Europe during
the glacial peak of the Quaternary. Its biogeographical significance and adaptive history is
similar to the one of Q. cerris, though it probably evolved in a harsher continental
environment. In Italy, Q. pubescens s.1. is extremely frequent in the structure of the evergreen
or mixed mesothermophilic forest. It is difficult to say whether this is a result of the
fragmentation due to human impact (logging, forest grazing, forest fires) which might have
favoured Q. pubescens (which exhibits a larger ecological amplitude and tolerance for climatic
instability than Q. ilex and Q. suber) or is it the heritage of a former, aboriginal mixed forest
structure. In any case, Q. pubescens seems to be a constant member in the succession of the
Mediterranean forest of S Europe. In many cases, scanty, disturbed woodlands dominated
by Q. pubescens s.1 in Mediterranean Europe (Sibljak sensu Adamovic; see Horvat et al., 1974)
basically represent degraded stands of former Mediterranean forests dominated by
evergreen oaks.

For these reasons, Q. virgiliana, Q. amplifolia, Q apennina, should also be included in the
cluster of the Mediterranean oaks, as long as they represent real taxa and not mere individual
variations along a morphological gradient, or simply synonyms. They represent at least
local, not yet properly known denominations for true Mediterranean manifestations of Q.
pubescens s.1. This would justify the inclusion of taxa with taxonomically controversial status
like Q. dalechampii, Q. congesta, Q. polycarpa, Q. infectoria subsp. boisseri, etc., as long as their
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taxonomic relationships with Q. pubescens s.1. are confirmed. They should be excluded from
the cluster if biosystematic evidence would suggest infraspecific ranking into the
geographical differentiation of S European taxa of the temperate Q. petraea or Q. robur.

Conclusions

The list of the Mediterranean oaks should include Q. ilex, Q. coccifera, Q. suber, Q. macrolepis,
Q. trojana, Q. libani, Q. alnifolia, Q. afares, Q. frainetto, Q. faginea, Q. cerris and Q. pubescens s.1.
These appear to be core species, well delimited on a morphological, biological and ecological
basis. Other taxa (among which Q. infectoria, Q. pyrenaica, Q. virgiliana, etc.) which are to be
considered ecological or geographic differentiation of the non-completely Mediterranean Q.
robur, Q. petraea and Q. pubescens s.I. group, can be included if their relationships with Q.
pubescens are proven.

Hybrids like Q. crenata (Q suber X Q. cerris) or Q. morisii (Q.suber X Q. ilex) should be
added too.

This model is strictly biogeographical. According to it, deciduous and semideciduous
euromediterranean and submediterranean oaks occurring as successional members in forest
communities of zonal character in Mediterranean regions are included in the group.
Deciduous oaks phylogenetically related to deciduous species with their range centred in
central Europe, and therefore mainly associated to the temperate deciduous forest-belt
(sensu Zohary 1973), are often recorded in Mediterranean areas. These populations, usually
grow on sites where local conditions preserve outposts of temperate broadleaved
communities of azonal or extrazonal heterotopic character, and should therefore not been
taken into account.

As a consequence of its high economic importance (and of the activities of the
EUFORGEN network), data about the patterns of genetic variability in Q. suber is becoming
available. Some basic studies on the genetic variability of Q. ilex and Q. coccifera also exist (cf.
Yacine and Lumaret, 1989). Information about other taxa is still practically nonexistent,
except for some data on the interspecific differences between some of the species quoted in
Bellarosa et al. (1996).

Anyhow, a first important step is to clarify the taxonomic status of species described as
being “Mediterranean”.

In this perspective, the subgenus Cerris, which appears to be a characteristic taxon for
Eurasia, is particularly interesting for the reconstruction of the evolutionary history of the
whole genus Quercus in the Mediterranean region. Italian scientists (cf. Schirone and Spada,
1995; Bellarosa et al., 1996) have been collecting biosystematic and phytogeographical data on
species of this subgenus, with the exception of Q. suber, for a long time.

However, the patterns of variability within the individual species are still unknown. Even
more complex and poorly known is the group of species belonging to the subgenus Quercus
Schwarz. The main problem here is whether or not the patterns of genetic variability allow
the identification of some true species. Ongoing investigations on this topic carried out on
populations of the species group Q. robur/Q. petraea/Q pubescens in Italy (Spada and Bullini,
personal communications), seem to exclude real connections between the taxa listed so far in
the morpho-taxonomical literature and the continuous clinal variation within this large
syngameon. Therefore, Q. apennina, Q. amplifolia, Q. virgiliana are probably mere
developmental states of the same polymorphic taxon (Q. pubescens s.I.), site- and nutrient-
dependent morphisms with an unpredictable potential for recombination of characters and
with no reliable taxonomic stability.

Perhaps "true”, morphologically distinct species may be recorded only at the outermost
limits of the Mediterranean region (Spain, Maghreb), or on Mediterranean islands, where
genetic drift has been heavier and long lasting.

Consequently, in situ conservation policies may be meaningful only for some of the
species (Q. alnifolia, Q. trojana, Q. macrolepis in SE Italy, etc.) and not be a realistic
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conservational goal for other minor taxa. Often, the possibility of preserving the identity of a
taxon with unclear or shifting taxonomic status, restricted to refugial areas and genetically
isolated, will depend on the choice of forest management practices that prevent
modifications of the surrounding environment. Ex situ conservation of these taxa outside
their natural range, is both difficult and unrealistic.
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Country reports

Albania

Maxhun Dida
Forest and Pasture Research Institute, Tirana, Albania

Albania is a small, mountainous country with a population of 3.3 million and a surface area
of 28 748 km’. A great variety of microclimates is present in Albania, due to the two
contrasting types of predominant climate, the Mediterranean and the central European, with
their intervening transitional zone. This, coupled with wide differences in bedrock
formation, altitude, and aspect, as well as the varied origin of species, makes for a great
diversity in plant communities. A variety of habitats and vegetation types are found within
the country, including alpine and subalpine mountain ecosystems, Mediterranean shrubs,
grassland and marshland, streams and rivers, lakes and reservoirs, coastal lagoons, sand
dunes and psammophilous vegetation, river delta, rocky coastal and marine ecosystems.

Albania has a rich flora, with about 3250 native vascular plant species distributed in
165 families and about 910 genera, i.e. about 30% of the c. 11.600 European species
(Paparisto.K.1989)

Main species (brief description of ecology and distribution)
There are 12 oak species in Albania, distributed almost all over the Albanian territory:

Q. ilex L.-Holly Oak, Quercus coccifera L.-Kermes Oak, Q. calliprinos Webb, Q. macrolepis
Kotschy-Vallonea, Q. trgjana Webb-Macedonian Oak, Quercus robur L-Common Oak, Quercus
frainetto Ten.-Hungarian Oak, Q. cerris L.-Turkey Oak, Q. pubescens Willd-Pubescent Oak, Q.
virgiliana (Ten.) Ten., Q. petraea (Mattuschka) Liebel-Chestnut Oak, Q. dalechampi Ten.
(Mitrushi 1955, Paparisto 1989)

The structure and distribution of these units or forest formations are briefly presented
below.

Formations of Quercus pubescens
In the Balkan region, most of these oak forests have been destroyed or degraded into
woodlands known as Shibliak, as a result of illegal cuttings or overgrazing.

Quercus pubescens forests are well distributed in Albania, generally in the Central and
Southern part but as in most of the Balkans, they are rather degraded. In general, this species
is associated with other oaks such as Quercus cerris L. and Quercus frainetto Ten. Other trees
typical of these forests are Carpinus orientalis Miller, Ostrya carpinifolia Scop., Sorbus domestica
L., Fraxinus ornus L., etc., while the understorey is characterized by Rosa sempervirens L.,
Amelanchier ovalis Medicus, Cotinus coggyrgia Scop., Spartium junceum L., Pistacia lentiscus L.
etc.

Formations of Quercus frainetto
Quercus frainetto is the most common oak species in Albania, especially in the districts of
Tropoja, Kukes, Peshkopi, Mat, Kruje, Tirana, Librazhd, Skrapar and Permet.

Fitosociological interpretation of these forests is very difficult due to the important
changes in their floristic composition. Quercus frainetto grows in a fitoclimatic area of mixed
deciduous broadleavs communities; it never forms pure oak forests. Characteristic or
indicator plant species of the Quercion frainetto alliance are: Quercus frainetto, Quercus cerris,
Rosa arvensis, Carex caryphylllea, Silene viridiflora, Galium mollugo, Symphytum bulbosum etc.
(Mitrushi 1955).
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Formations of Quercus cerris

In Albania, Quercus cerris has a plastic ecology and is distributed from 100 to 1200 m above
sea level, between the Cemi Stream in the northern part and the Vjosa River in the southern
part of Albania, forming pure or mixed forests with Quercus petraea (Matt.) Liebl., Quercus
frainetto Ten., Sorbus torminalis (L.) Crantz, Carpinus betulus L., etc. (Vangjeli 1989).

Formations of Quercus trojana

Quercus trojana in Albania is more common in the Mediterranean regions, up to 800 m above
sea level, such as in the Rrenc Mountains and in the Kashnjet, Librazhd, Gjirokaster, Korca
and Erseka districts. Quercus trojana is found mixed with Q. pubescens, Q. cerris, Carpinus
orientalis, Fraxinus ornus etc. The more common species in the understorey are Coronilla
emerus, Colutea arborescens, Pistacia terebinthus, Pyracantha coccinea, Juniperus oxycedrus etc.
The herbaceous layer is dominated by Alyssum murale, Silene italica, Geranium sanguineum,
Cistus incanus, Satureja juliana, Helianthemum numularium etc. (Vangjeli 1989)

Formations with Quercus petraea

Quercus petraea forests are distributed all over Albania, but occur more often in Northern and
Central Albania. In general they are found in upper oak zone forming small forests along
cool valleys, on northern exposures and in the submontane beech zone, on eastern and
southern exposures, 550-800 m above sea level. (Mitrushi 1955)

Formations of Quercus ilex

In Albania, especially in northern part, the area of Quercus ilex is very fragmented and no
significant stands are found, except in some small isolated areas such as Ksamil, Karaburun
and Shushica Valley.

The shrub layer is characterized by Pistacia lentiscus L., Buxus sempervirens L., Rhamnus
alaternus L., Arbutus unedo L., Philirea latifolia L., Erica arborea L. etc. The herbaceous layer
includes Euphorbia caracias L., Viola alba Besser, Rubia peregrina L., Asparagus acutifolius L. etc.

In the past, this oak species was widely distributed in the Mediterranean belt. Today it is
very rare because of overcutting and is classified as an endangered species (Red book, 1999).
It is important, therefore, to include this species in protected areas and approve measures for
the development and protection of this species.

Formations of Quercus macrolepis

Quercus macrolepis Kotschy in Albania forms important forests, up to 800-900 m above sea
level, mainly in Southern Albania, between Konispol and Vlora Bay. It is found in pure or
mixed forests.

These forest formations colonise deep alluvial soils, with humid and warm microclimate.
Generally the understorey belongs to the Quercion ilics and Oleo-Ceratonion alliances. The
phytosociological classification of Quercus macrolepis forests is rather difficult as a result of
changes of the natural vegetation structure that, in many cases, is heavily degraded, i.e.
toward the formations of Phlomis fruticosa. The vegetation of Quercus macrolepis forests is
generally quite sparse, with wide clearings.

Formations with Quercus robur
Quercus robur in Albania does not play an important role compared with other European
countries and especially wi