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Workshop: Conservation of relict trees in the Mediterranean with 

special reference to the genus Zelkova 

 

Convenors: Stergios Pirintsos, University of Crete, (Greece); Gregor 

Kozlowski, University of Fribourg and Natural History 

Museum Fribourg, (Switzerland); Giuseppe Garfì, National 

Research Council, (Italy); Joachim Gratzfeld, Botanic Gardens 

Conservation International, (United Kingdom). 

 

1.0 WORKSHOP PRESENTATIONS 

 

1.1 Gregor Kozlowski: Relict tree species globally and in the Mediterranean 

Presentation Summary 

During the Tertiary period (65-1.8 million years ago) climate slowly cooled, starting 

off in the Paleocene with tropical-to-moderate worldwide temperatures and ending 

before the first extensive glaciation at the start of the Quaternary. As a result, the 

ancient tree flora was forced southward and fragmented by progressing cooling. 

Tertiary relict trees, thus, comprise genera of warm wet climates that were once 

circumboreal in distribution but are now confined to disjunct refugial regions. Milne 

[1] enumerates five such main refugia of the Tertiary relicts: (1) Pacific coast of 

western North America, (2) South-eastern North America (mainly around Florida), (3) 

Northern East-Asia (Japan, Korea and north-east China), (4) Southern East-Asia 

(China and Himalaya), and finally (5) Southwest Eurasia (including Macaronesia, the 

Mediterranean and the Transcaucasian region). Some relict tree genera are still 

present in all refugial regions, for instance the genus Aesculus (Sapindaceae), with 

extant species adapted to warm and humid refugia in the Mediterranean, Asia and 

North America. Many other relict tree and shrub genera show similar patterns of 

disjunctions, e.g., Liquidambar (Hamamelidaceae), Rhododendron (Ericaceae), 

Gleditsia (Fabaceae) or Castanea/Castanopsis (Fagaceae) [2, 3]. 

Due to climatic and topographic conditions, China and Himalaya (southern East-

Asiatic refugium) is the richest among all the other regions with the best preserved 

Tertiary relict flora. In contrast, southwest Eurasia and especially Europe, was highly 

affected by the glaciations because both the East-West oriented mountains and the 

Mediterranean Sea stopped many species in their migration southward [4]. In 

consequence, several genera of the prominent Tertiary tree flora completely 

disappeared from the European continent or only survived in isolated and disjunct 

refugia of the Transcaucasian region, on the Balkan Peninsula and/or on 

Mediterranean islands (e.g., Albizia, Diospyros, Gleditsia, Hamamelis, Juglans, 

Liquidambar, Parrotia, Pterocarya and Zelkova [5, 6]). 

Tertiary relict trees are, therefore, ancient organisms which were able to cope with 

changing environmental conditions for millions of years. They provide, thus, a unique 

opportunity to understand past and recent biogeographical and evolutionary 

processes [7]. Many of these trees, however, have a very restricted distribution 

today, with often only few remaining highly threatened populations [6]. Recent rapid 
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global changes, in particular demographic and climatic ones and their consequences 

might be, therefore, “the last nail in the coffin for ancient plants” [4] and could 

irreversibly threaten the survival of these unique taxa that represent a significant 

evolutionary heritage [8]. 

Due to the spatial and temporal fluidity of plant communities and the dynamic of 

climatic changes throughout the Oligocene and Miocene, the biogeographical 

interpretations for Tertiary relict trees are very complicated [3], especially when 

disjunctions involve more than two species of the same genus. This is the case for 

the genus Zelkova (Ulmaceae) making it one of the most interesting model taxa for 

studying and for the conservation of Tertiary relict trees. 

 

 

1.2 Gregor Kozlowski: Project Zelkova – an overview 

Presentation Summary 

The genus Zelkova (Ulmaceae) is one of the most emblematic relict tree groups. Its 

members were an important element of vast forests that prevailed throughout the 

Northern Hemisphere during much of the Tertiary [1]. Today, the genus comprises 

six extant species showing a disjunct distribution: three species in eastern Asia (Z. 

serrata, Z. schneideriana and Z. sinica), one in southwest Asia (Z. carpinifolia) and 

two on the Mediterranean islands of Sicily (Z. sicula) and Crete (Z. abelicea, [9-11]). 

The oldest fossils attributed to Zelkova are from the Early Cenozoic of western North 

America (i.e. 55 MYA), a place where the genus is however extinct today. 

In order to enhance and update the scientific knowledge and to improve the 

conservation of the genus Zelkova, the Botanic Garden of the University of Fribourg 

(Switzerland) in collaboration with the Botanic Gardens Conservation International 

(BGCI) initiated in 2010 an international and interdisciplinary project (Project 

Zelkova) joined later by several institutions and botanic gardens from Switzerland, 

Germany, Greece, Italy, Poland and Azerbaijan. The project includes three main 

components: (1) Conservation of the genus Zelkova (e.g. elaboration of a global 

action plan, collecting and exchange of biological knowledge, assessing conservation 

status, proposing concrete recovery and/or reintroduction measures, etc.); (2) Basic 

and applied research on the genus Zelkova (e.g. molecular phylogeny, 

phylogeography, population genetics, population structure, genetic comparison of 

wild populations with ex situ collections, etc.); (3) Public awareness and outreach, 

e.g. travel and temporary exhibitions scheduled for Berlin (2014), Baku (2014), 

Fribourg in Switzerland (2015) and Crete (2015).  

Among the most interesting scientific outcomes of the project are the results of the 

molecular phylogeny and phylogeography, done in collaboration with the 

Conservatoire et Jardin Botaniques de la Ville de Genève, Switzerland. Zelkova 

abelicea is genetically the most diverse species and each Cretan mountain massif 

should represent a separated conservation unit. More efforts are needed in order to 

protect the species in situ throughout the entire range. Furthermore, botanic 

gardens of Greece, and especially on Crete, should improve their ex situ collections 

and better coordinate their actions. Zelkova carpinifolia is the second most diverse 

and its populations are clustered into two groups: (1) the eastern populations from 

Hyrcanian region (Talysh and Alborz mountains) and (2) the western populations 
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from the Colchic region (western Georgia and northeast Turkey). The high number of 

haplotypes found in Z. carpinifolia (15) and Z. abelicea (33) is quite uncommon for 

tree species and the number of missing haplotypes are the footprints of ancient 

expansions followed by more recent bottlenecks. Furthermore, Z. sicula seems to 

have had a history of severe isolation and is suspected to be a species of hybrid 

origin. These results were confirmed by morphometric analyses done in 

collaboration with the Dendrological Institute of the Polish Academy of Sciences in 

Kornik. Zelkova sicula is, thus, an extremely important taxon for reconstruction of 

the historical biogeography of the genus Zelkova. Both known populations merit an 

equivalent and immediate conservation action. 

The best studied species of the genus is Z. abelicea: its distribution, population 

structure and age and its conservation status have been intensively studied during 

the last years in collaboration with the Botanic Garden of the University of Crete 

(Greece) and the Laboratory of Dendrogeomorphology of the University of Bern 

(Switzerland) [13, 14]. The present range of Z. abelicea is extremely fragmented and 

this distribution pattern might have ancient provenance. Although the total 

estimated number of individuals is relatively high, especially in the Levka Ori 

Mountains, the populations are, however, dominated by dwarfed, severely browsed 

and non-flowering individuals. This asymmetric population structure, with maximum 

5% of large and fruiting trees per site, is particularly accentuated in isolated and 

small populations. Interestingly, Fazan et al. [12] demonstrated that dwarfed Z. 

abelicea trees can attain ages >500 yr and that such individuals often surpass 

normally growing trees of the same population in number and age. These findings 

significantly change the perception of population age structure in forest remnants of 

Mediterranean landscapes. Furthermore, based on its limited geographic range, the 

fragmentation of its populations and the continuing alteration of habitat 

characteristics, we are classifying Z. abelicea as an endangered species (IUCN 

category EN). 

All the most important results and conclusions issued from the last three years of the 

project Zelkova will be presented in the Global action plan with its first draft 

available in autumn 2012. 

 

 

1.3 Joachim Gratzfeld:  Zelkova spp. – status of ex situ conservation 

Presentation summary 

Securing plant resources in living ex situ collections forms an essential part of 

integrated conservation strategies that seek to safeguard biodiversity in the wild [15] 

and represents a core function of botanic gardens par excellence. However, while 

the primary interest in introduction programmes by means of ex situ cultivation has 

historically focussed on plants of agricultural, medicinal and over time, ornamental 

values, actions to conserve ex situ resources of wild species with no known or 

assumed economic importance have at least until recently seemed faltering [16, 17]. 

What’s more, the considerable technical and scientific challenges in establishing 

genetically representative ex situ collections are further compounded by the need to 

prioritise species for ex situ conservation against a backdrop of some plant 380’000 

plant species worldwide of which one fifth is estimated to be under threat of 

extinction [18]. 
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Owing to the unique opportunity presented by relict species to further understand 

past and recent biogeographic and evolutionary processes as a contribution to future 

ecosystem management approaches, Kozlowski et al. [13, 14] argue to pay particular 

attention to integrated conservation of relict trees. As part of a comprehensive study 

to exemplify this through the development of a global action plan for the 

conservation of the Tertiary relict Zelkova spp., a worldwide survey of the status of 

this genus in living ex situ collections was carried out including presence-absence 

analysis, extent and average size of collections, and assessment of plant provenance 

and genetic diversity mapping chloroplast DNA (initially for Z. abelicea and Z. 

carpinifolia). 

By and large, the majority of botanic institutions with Zelkova collections are found 

in central and northern Europe and North America, in countries with a long-standing 

horticultural tradition and not in locations of their origin. Of the 275 Zelkova records 

(collections) garnered from 146 institutions in 27 countries, almost 50% of all Zelkova 

ex situ collections are established in the United States, United Kingdom and 

Germany. Other countries with significant collections include China, France, Belgium 

and Australia. Except for the East Asian species Z. sinica, Z. serrata and Z. 

schneideriana that are worldwide best represented in some 25 Chinese collections, 

the Mediterranean Z. sicula and Z. abelicea as well as the Transcaucasian Z. 

carpinifolia are found to a very limited degree in the countries of the species’ natural 

distribution. Zelkova species with the widest distributional range (Z. serrata and Z. 

carpinifolia) are also the most common in ex situ collections, whereas, as can be 

expected, the most threatened species (Z. sicula, Z. abelicea and Z. sinica) are least in 

cultivation. Generally, collections are small in 90% of the records they either hold 

one individual or two to 10 trees at most. Apart from the five collections of Z. sicula 

that are all based on plant material collected from the population discovered first 

(with a second population found in 2009), a mere 20% of the plants grown in ex situ 

collections is of known wild provenance. While ex situ collections of Z. carpinifolia 

represent to some extent the in situ variability of its two distinct, phylogeographic 

western and eastern lineages (some 15 haplotypes identified to date) with 10 

botanic gardens hosting trees from both groups (representing 11 haplotypes), the 

complex genetic diversity of Z. abelicea is not reflected in collections with only two 

out of at least 36 haplotypes found in botanic gardens. 

In conclusion, while this survey documents that (1) the majority of living ex situ 

collections of Zelkova are not established in the regions/countries of the species’ 

origin, (2) most threatened species are least cultivated and (3) collections generally 

are limited in size and in terms of their genetic representativeness, this example 

highlights the vital need to prioritize conservation of relict species in living ex situ 

collections for a range of reasons: 

In a model way, relict plants illustrate the classical functions and values of botanic 

gardens for: (1) research (phylogeny, biogeography), (2) conservation (ex situ – as an 

insurance policy for the future, and in situ for reintroduction and population 

reinforcement programmes as well as for introduction, towards the design of 

emerging, novel ecosystems), (3) education (environmental awareness) and (4) 

display (public outreach, amenity planting and recreation). To enhance conservation 

planning for relict trees, it is recommended to (a) prepare a global, prioritized list, in 

particular on the basis of the species’ threat status, (b) establish a well-coordinated 
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international specialist group to capitalize on individual knowledge and expertise – 

relict species relatives in disjunct regions offer a common ground for joint 

collaboration and (c) develop a range of public awareness and outreach programmes 

– relict species provide compelling stories linking fossil finds and extant, related 

species. 

 

 

1.4 Giuseppe Garfì: Relict species and the challenges for conservation – the 

emblematic case of Zelkova sicula and efforts to save the species from 

extinction 

 

Presentation summary 

Z. sicula Di Pasquale, Garfì et Quézel is a very rare tree species endemic to south-

eastern Sicily, first described as a new species for science in 1991 [19]. It is a relict of 

the European Tertiary flora and belongs to a genus which became extinct in the 

whole continental Europe during the Quaternary glacial age. Until very recently [20], 

Z. sicula was known to consist of only a single population of about 230 trees, 

restricted over an area less than 0.4 hectares in the Iblei Mts. At the end of 2009, a 

second population was unexpectedly discovered in the same mountainous massif. As 

the former one, it comprises a few hundred trees, distributed over an area of about 

0.8 hectares, in quite similar environmental conditions. At present Z. sicula is the 

only species of the genus which is relatively able to face Mediterranean summer 

drought stress and to live within typical Mediterranean vegetation. However, as both 

populations of this species currently grow in gullies bottom and streamsides, it can 

be suggested that in the past it was probably more widespread in fresher and more 

humid environments. 

Currently a variety of problems threaten its survival, e.g.: (1) the long geographic 

isolation and the small populations’ size severely reduced gene flow, promoting a 

loss of intra-specific genetic variability; (2) the extremely poor and episodic fruiting 

and the very likely seed sterility probably due to its triploid karyotype, involving lack 

of sexual regeneration; (3) summer water stress causing the periodical death of the 

weakest trees [21], as well as the foreseen global changes depicting decline 

scenarios both in habitat and populations’ size; (4) the heavy human disturbances, 

responsible for degradation of its habitat; (5) the lack of active protection measures. 

Due to its rarity and conservation problems as compared to the other members of 

the genus, Z. sicula is included in the IUCN Red List of endangered species as 

“Critically Endangered” with extinction and was actually selected among the “Top 50 

Mediterranean Island Plants” at the verge of extinction [22]. Notwithstanding that, 

up to date no legal protection measure has been adopted yet. 

As a consequence of the aforementioned issues, a project for conservation was 

funded by EU LIFE+ Programme at the end of 2011. It entails Knowledge/Monitoring, 

Active conservation, Expertise/Communication and Education/Awareness actions 

that concern to different extent the two populations. The specific objectives of the 

project consist in: improving knowledge about biology, genetics and ecology of the 

target species aimed at long-term conservation planning; enhancing the 

understanding of ecological dynamics of both target species and forest habitat and 

the threats they incur; increasing the structure and vigour of the residual 
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populations by either limiting the existing negative biotic and abiotic factors 

influencing them, or developing ecosystem management measures; increasing the 

species stability by reinforcing the present populations and establishing novel 

populations in ecologically more suitable sites, according to the principles of 

“assisted colonization” [23]; ensuring ex situ conservation within regional and 

European specialized institutions; leading the competent regional administrative 

authorities to plan and activate legal protection of the target species; 

removing/reducing principal economic/social-type threats for both species and 

habitat by involving authorities, organizations and stakeholders; facilitating the 

engagement of local Forestry Authority in improving surveillance and protection of 

the species and habitat through active policy; prompting local awareness and 

information about the problems of loss of biodiversity; promoting a network for 

information and promotion of the objectives, procedures and results of the project 

to public opinion, remarking the symbolic value of this special case of “species at 

risk” in the framework of the global problems of biodiversity conservation. 

Among all, one of the most intriguing and challenging action surely concerns the 

translocation of the target species in presumed more suitable habitats in order to 

face the deleterious impact of forecasted climate change. Results could notably 

contribute in the present debate concerning the application of assisted colonization, 

especially for relict species, as a conservation tool for dealing with the threat of 

climate change. 

 

 

1.5 Stergios Pirintsos:  Zelkova abelicea – research in progress 

Presentation summary 

In spite of the important scientific results produced by the project Zelkova, which 

guide the compilation of the Global action plan and despite the fact the Z. abelicea 

was the best studied species of the project, several research issues remain open, 

which can further contribute to the development of a strong ecological basis for the 

conservation planning of the genus and broader to the understanding of the 

processes related to the resilience of the relict species to climate change.  

Thus, research concerning the fine-scale spatial distribution patterns of the species, 

the species interactions with the abiotic components of the ecosystems, its biotic 

interactions, as well as the functional role of the species in the ecosystems is in 

progress, which is expected to broaden our vision and strengthen the scientific 

evidences regarding Z. abelicea and general the Tertiary relict species.  

In the core of the research group, the Botanical Garden of the University of Fribourg, 

the Botanical Garden of the University of Crete and the BGCI participate, while 

several laboratories and Institutes contribute with research actions on specific areas, 

such as the Laboratory of Dendrogeomorphology of the University of Geneva 

(Switzerland), The Laboratory of Plant Biochemistry and Photobiology of the 

University of Crete (Greece), the Institute of Electronic Structure and Laser of the 

Foundation for Research and Technology (Greece) and many others. 

Preliminary results indicate that processes related to the persistence of the species 

to climate change are more complicated and multifactorial compared to the linear 

and plain view of survival in refugial areas. 
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2.0 WORKSHOP CONCLUSIONS 

The study of the Tertiary relict flora provides essential insights to the development 

of ecosystem management strategies in a climate of rapid global change. In addition 

to their scientific value, a large number of relict trees that stem from this geological 

period, especially nutritional, medicinal and timber species contribute to human 

welfare, and represent a non-negligible part of the total economic value of 

biodiversity. What more, many Tertiary relict trees are cultivated as prominent 

ornamental plants across the globe. Today, as most of these species have a restricted 

distribution and are rare and threatened in the wild, their safeguard through the 

development of integrated in situ and ex situ conservation strategies is vital if 

ecosystem services and goods provided by them are to be secured in the long-run. 

The Mediterranean and adjacent regions represent a global hotspot of Tertiary relict 

flora with some 26 refugial zones and iconic relict trees in genera such as Argania, 

Liquidambar and Zelkova. Comprising six extant species occurring in disjunct regions 

including the Mediterranean Zelkova sicula and Z. abelicea, the Transcaucasian Z. 

carpinifolia as well as the Eastasian Z. sinica, Z. schneideriana and Z. serrata – the 

genus Zelkova was selected for an initiative led by the Botanic Garden of the 

University of Fribourg and Botanic Gardens Conservation International in 

collaboration with international research partners from Azerbaijan, China, France, 

Georgia, Germany, Greece, Italy, Poland and Switzerland to test the development of 

a global action plan for the integrated conservation of Tertiary relict species. The 

main components of this global action plan include: (1) research (molecular 

phylogeny, phylogeography, population genetics and structure, and genetic 

comparison of wild populations with ex situ collections), (2) public awareness and 

outreach (travel exhibitions) and (3) conservation recommendations (conservation 

status assessments, ex situ collection and in situ conservation priorities, recovery 

programmes for population reinforcement and introduction). The initial, draft action 

plan is expected to be available by late 2012. 

The workshop concluded with highlighting a number of technical challenges that this 

initiative will need to address, including (1) how to prioritize conservation 

programmes as related to species selection and specific activities considering the 

large number of threatened species; (2) to what extent can botanic gardens focus on 

the development of relict species conservation programmes in light of a plethora of 

other tasks; (3) how to involve and convince decision makers to support the 

conservation of relict species; and (4) the specific role of botanic gardens in 

reintroduction and introduction programmes in situ in times of rapid global change. 
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