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NATURAL HISTORY MUSEUM FRIBOURG (NHMF), is part of the Depart-
ment of Education, Culture and Sport of the State of Fribourg (Switzer-
land). Established in 1824, NHMF is one of the oldest museums in the 
country. Capitalising on a long history, �rst-rate curatorial expertise and 
diverse collections, the museum is a leading institution in conservation. 
Since its founding, NHMF has actively participated in many national and 
international research and conservation programmes, especially related 
to alpine and aquatic plants and, more recently, Tertiary relict �ora.

BOTANIC GARDEN OF THE UNIVERSITY OF FRIBOURG (BGF), Switzer-
land, is a main centre for the scienti�c study of Tertiary relict trees. BGF 
also leads a number of basic and applied national and international 
research projects on conservation biology, biogeography of aquatic and 
alpine plants and urban ecology. BGF is the initiator of the global Project 
Zelkova.

BOTANIC GARDENS CONSERVATION INTERNATIONAL (BGCI), is an in-
ternational nonpro�t organisation linking botanic gardens and af�liated 
institutions in over 120 countries in a shared commitment to the conser-
vation of plant diversity, sustainable use and environmental education. 
BGCI provides the Secretariat for the IUCN/SSC Global Tree Specialist 
Group and is a partner of the Global Trees Campaign, a joint initiative 
among Fauna and Flora International, BGCI and a wide range of other 
organisations to safeguard the world�s most threatened trees and their 
habitats for future generations.

CONSERVATORY AND BOTANIC GARDEN OF THE CITY OF GENEVA (CJB), 
established in 1817, is part of the Department of Culture and Sport of the 
City of Geneva, Switzerland. With six million specimens its herbarium 
ranks amongst the largest in the world, and comprises many types and 
historical collections. Its researchers are involved in systematics and 
taxonomy, molecular studies, conservation, cartography and �oristic 
inventories, with a focus on Switzerland and the Alps, Corsica and the 
Mediterranean, Africa including Madagascar and South America.
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An ancient treasure � 
Tertiary relict trees
During the Tertiary period, the global climate slowly cooled, beginning with tropical to 
moderate temperatures some 65 million years BP and ending prior to the �rst exten-
sive glaciation at the beginning of the Quaternary (approximately 2.5 million years BP). 
As a result, plants, including Tertiary relict trees, migrated southward, while progres-
sive cooling increasingly fragmented the ancient woody �ora. Extant Tertiary relict 
trees therefore comprise genera adapted to warm, wet climates that were once cir-
cumboreal in distribution but are now con�ned to disjunct, refugial regions.

Generally, �ve main refugia of Tertiary relict trees have been identi�ed (Milne and 
Abbott 2002, Milne 2006): (1) the Paci�c Coast of western North America, (2) south-
eastern North America (mainly Florida), (3) northern East Asia (Japan, the Korean 
Peninsula and northeast China), (4) southern East Asia (central and southern China 
and the Himalayas), and (5) southwest Eurasia (including the Macaronesian, Medi-
terranean and Transcaucasian regions). Some relict tree genera are still present in 
all refugial zones; one such example is Aesculus (Sapindaceae), with extant species 
adapted to mild and humid areas in the Mediterranean, Asia and North America. Many 
other relict trees and shrubs exhibit a similar pattern of distribution, with closely 
related members of the same genus occurring in several, disjunct refugia, e.g., 
Liquidambar (Hamamelidaceae), Rhododendron (Ericaceae), Gleditsia (Fabaceae) or 
Castanea/Castanopsis (Fagaceae).

Due to climatic and topographic conditions, the southern East Asia refugium is the re-
gion that houses the richest and most diverse Tertiary relict �ora. In contrast, refugia 
in southwest Eurasia, especially in Europe, were highly affected by recurring glacia-
tions, as the east � west oriented mountain chains and the Mediterranean Sea stopped 
many species from migrating southward. As a result, several prominent genera of the 
Tertiary tree �ora entirely disappeared from the European continent or survived only 
in isolated and disjunct refugia in the Transcaucasian region, the Balkan Peninsula 
and/or in Mediterranean islands (e.g., Albizia, Diospyros, Gleditsia, Hamamelis, Jug-
lans, Liquidambar, Parrotia, Pterocarya and Zelkova).

Tertiary relict trees represent ancient organisms that have been able to outlast chang-
ing environmental conditions for millions of years. They provide a unique opportunity 
to understand past and recent biogeographical and evolutionary processes. Despite 
their continued existence over an enormous geological time span, today, various relict 
trees retain a very restricted distribution; for many species only a few highly threat-
ened populations remain. Unprecedented, rapid global transformations in recent his-
tory, speci�cally demographic and climatic changes, could irreversibly threaten the 
survival of numerous unique relict taxa. Conservation of this signi�cant evolutionary 
heritage for future generations requires targeted action to prevent detrimental human 
actions from supplying �the last nail in the cof�n for ancient plants� (Connor 2009).

1. Five main refugia of Tertiary 
relict trees. Dark blue: 
Paci�c Coast of western North 
America. Light blue: 
southeastern North America. 
Red: southwest Eurasia. Light 
green: southern East Asia. 
Dark green: northern East Asia

2. Castanea sativa (Fagaceae), 
Vionnaz, Switzerland (eg)

3. Castanea seguinii (Fagaceae), 
Huangshan, China (ek)

1. Diospyros kaki (Ebenaceae), 
the Asian persimmon, 
widely cultivated in China, 
Korea and Japan (ek)

2. Diospyros lotus (Ebenaceae) 
has a disjunct distribution and 
naturally occurs in the Hyrcanian 
region and China (ek)

3-4. Parrotia persica (Hamameli-
daceae), widely distributed across 
the Northern Hemisphere during 
the Tertiary period, survived the 
last glaciations only in the 
Hyrcanian forests in Azerbaijan 
and Iran (ek, eg)

5-6. Parrotiopsis jacquemontiana 
(Hamamelidaceae), a member of 
the monotypic genus and clos-
est relative of Parrotia, naturally 
occurs in Afghanistan and the 
Himalayas (ek)

2
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Resilient but not 
invulnerable � 
Zelkova, a global view
THE GENUS

Zelkova, a member of the Ulmaceae family, represents one of 
the most emblematic relict tree genera of the Tertiary. Its taxa 
were an important component of vast forests that prevailed 
in the Northern Hemisphere during much of that geological 
period. One possible origin of Zelkova is the northern Paci�c 
area, from where it would have spread later throughout the 
entire Northern Hemisphere to North America and North Af-
rica, where it is now extinct. Notably, the oldest known fossils 
attributed to Zelkova found in western North America date 
from the Early Cenozoic, 55 million years BP.

Today, the genus comprises six extant species with a 
distinctive disjunct distribution: the Mediterranean Ba-
sin with Z. sicula and Z. abelicea, the Transcaucasian re-
gion with Z. carpinifolia, and eastern Asia with Z. serrata, 
Z. schneideriana and Z. sinica. The disjunction between 
the East-Asiatic and west Eurasian taxa may have 
occurred during the Tertiary�s Middle Miocene, 18-12 mil-
lion years BP, as a result of increasing aridity.

In western Eurasia, Zelkova became restricted to refugia 
during the Quaternary�s Pleistocene ice ages. An evolving 
summer dry climate in the Mediterranean region in that pe-
riod suggests an important impact on further range frag-
mentation of Zelkova. As a result, the genus disappeared 
from continental Greece in the Middle Pleistocene, some 
400,000 years BP, but persisted longer (to some 30,000 
years BP) in central Italy. The two Mediterranean species 
in Sicily (Z. sicula) and Crete (Z. abelicea) appear to have 
remained secluded in very small, isolated refugia with re-
curring cold periods and limited seed dispersal that likely 
impeded migration northwards during interglacial periods.

ECOLOGICAL, SOCIO-ECONOMIC AND CULTURAL VALUES

The role of Zelkova species and populations in the maintenance of ecosystem 
processes and functions has not been thoroughly studied to this day. However, 
their ability to outlast millions of years of geological history and changing en-
vironmental conditions, suggests that Zelkova and other Tertiary relict species 
possess an exceptional adaptive potential. While understanding of their degree 
of resilience and adaptive capacity requires further investigations, relict species 
may take a central research position in a rapidly transforming environment, that 
will ultimately lead to species combinations that have not occurred before and 
emerging, novel ecosystems.

Tertiary relict tree species also contribute to human welfare and can provide a 
signi�cant part of the total economic value derived from biodiversity in a given 
area. The genus Zelkova plays an important role in forestry, the provision of 
timber, paper production and construction. Its wood is also valued by local 
communities in the manufacture of traditional furniture, decorative items and 
other craft work. Zelkova and other Tertiary relict trees including Gleditsia and 
Parrotia are planted to stabilise slopes against erosion and landslides (e.g., in 
Iran). Some species have also proven bene�cial in the detoxi�cation of soil and 
water (e.g., Pterocarya fraxinifolia).

In traditional Chinese medicine, leaves and other parts of the East-Asiatic 
Zelkova species are used in the preparation of remedies to treat colds, head-
aches and diarrhoea, and in drugs with tocolytic effects. Further, Zelkova spe-
cies may hold the key to combating plant pests in their genes. Experiments 
have shown that Z. abelicea remains unaffected by the Dutch elm disease. It 
may therefore lend itself as a vital taxon to breeding programmes designed to 
enhance resistance to plant pathogens in the Ulmaceae family.

The characteristic and impressive vase-shaped crown of older specimens 
has made Zelkova species very popular in Asia, where they are often planted 
in parks, near temples and around homes. Koreans value Zelkova trees as a 
symbol of tolerance, patience, peace and harmony.

People�s close association with and relative dependence on Zelkova and other 
relict trees may represent both a challenge and an opportunity to develop and 
implement conservation action. Integrating the speci�c ecological, socio-eco-
nomic, cultural, religious and spiritual values and dimensions of these spe-
cies in ecosystem management decisions in a given area will be central to the 
success of maintaining relict plant populations for future generations.

1. Global distribution of the 
genus Zelkova

2. Z. carpinifolia, Ajameti 
Nature Reserve, Georgia (gk)

3. Z. sicula, Ciranna, Sicily (gk)

4. Z. abelicea, Levka Ori, 
Crete (gk)

5-6. Fossil leaves of Zelkova 
zelkovifolia from the Pliocene 
(5, Willershausen, Germany) 
and the Miocene (6, Brezanky, 
Czech Republic) (hrs)

1. Z. carpinifolia often planted 
in hedgerows. Vani, Georgia (gk)

2. Large and old Z. carpinifolia 
trees around Martvili monas-
tery. Western Georgia (gk)

3. Old tree of Parrotia persica 
(Hamamelidaceae), a species 
often managed through
pollarding and used for the 
production of timber. Hyrcan 
National Park, Azerbaijan (eg)

4-5. Alnus subcordata 
(Betulaceae), an endemic 
relict tree in the Hyrcanian 
forests, commonly used by 
the local timber industry. 
Talysh mountains,
Azerbaijan (gk)
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CLASSIFICATION AND MORPHOLOGY

The family Ulmaceae, in the order Urticales, used to 
include some 15 genera, with a division into two sub-
families: Ulmoideae (ulmoids) and Celtidoideae (cel-
toids, e.g., Celtis). However, recent molecular analyses 
place the celtoids in the family Cannabaceae, while 
the core family Ulmaceae newly comprises only eight 
genera (Ampelocera, Chaetachme, Hemiptelea, Hol-
optelea, Phyllostylon, Planera, Ulmus and Zelkova). 
Although genetically very closely related to the typi-
cal ulmoid genera of Ulmus and Planera, the genus 
Zelkova has intermediate characteristics of both of 
the former subfamilies. Secondary leaf veins run di-
rectly to the teeth (craspedodromous venation), which 
is typical in the ulmoids. The fruit, in contrast, is much 
more similar to the drupaceous fruits of the celtoids, 
while the majority of ulmoids display winged, samara-
shaped fruits.

All species in the genus Zelkova form deciduous trees, 
rarely shrubs. Generally, leaves are simple, dis-
tichous, with a serrate to crenate margin and pinnate 
venation; in addition, they include two stipules that 
are linear-lanceolate, free, and caducous, causing a 
short transverse scar on each side of the leaf base. 
The secondary veins extend to the margin and end in 
a tooth. However, Zelkova leaves exhibit an impressive 
morphological variability and a distinct dimorphism, 
depending on the type of twig and its position in the 
crown. On fertile and fruiting shoots, leaves are gen-
erally smaller and show a shallower dentation, while 
they are usually larger with a coarser dentation on 
vegetative shoots. Flowers appear at the same time 

as the leaves. Male �owers are clustered in a proxi-
mal leaf axil of young branchlets. Their perianth is 
campanulate with 4-6 or a maximum of 7 lobes. The 
number of stamens is equal to the number of peri-
anth lobes. Female and bisexual �owers are usually 
solitary or, rarely, clustered in groups of 2-4 and oc-
cur in a distal leaf axil of young branchlets. Their peri-
anth is 4-6-parted with imbricate tepals. Fruits are 
oblique, dorsally keeled, with persistent beak-shaped 
stigmas. Zelkova species are diploid (2n = 28) with the 
exception of Z. sicula, which is triploid (2n = 42). 

An interesting characteristic of the genus is the small 
production of pollen and low germination rate. Mature 
fruits usually fall with the entire twig, and the leaves 
that are still attached function as a parachute, carry-
ing the seeds a few metres away from the parent tree 
(decurtation). While seed dispersal is very limited, 
vegetative propagation by means of suckers, which is 
very common in the family Ulmaceae, is another im-
portant reproduction strategy in this genus.

1. Young leaves of Z. sinica, 
still with stipules. Swiss
National Arboretum, Vallon 
de l�Aubonne, Switzerland 
(eg)

2. Male �owers of 
Z. carpinifolia, clustered in 
proximal leaf axils. Botanic 
Garden Lyon, France (ek)

3. Female and bisexual 
�owers of Z. sinica, 
clustered in distal leaf 
axils. Botanic Garden Lyon, 
France (ek)

4. Z. carpinifolia leaf 
dimorphism of sterile (left) 
and fertile (right) shoots. 
Baghdati, western Georgia 
(gk)

5. Exfoliating bark of 
Z. sinica. Botanic Garden 
Lyon, France (ek)

6. Typical vase-shaped 
crown of Z. carpinifolia. 
Botanic Garden Dublin, 
Ireland (gk)

1-3. Young branchlets of Zelkova 
with typical leaf polymorphism: 
proximal leaves are very small 
with an asymmetric base; 
central leaves are usually large; 
distal leaves are regular and 
smaller than the central ones. 
(1) Z. serrata from Mitaka, Japan; 
(2) Z. carpinifolia from the Talysh 
mountains, Azerbaijan; 
(3) Z. abelicea from Levka Ori, 
Crete (hrs, ml)

4. Fruits of Z. carpinifolia. Hyrcan 
National Park, Azerbaijan (eg)

5. Fruits of Z. sinica. Botanic 
Garden Lyon, France (ek)
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IT�S IN THE GENES � PHYLOGEOGRAPHY

The biogeographical history of Zelkova and differentiation 
within its species is not fully resolved, and new genetic 
analyses are needed to understand the complex pattern 
of evolution and migration of this genus. Until recently, 
limited phylogenetic and phylogeographic research had 
been carried out for Zelkova species. Most of these stud-
ies suffered from a small sample size and/or too little 
plant material from wild populations. Z. sinica, occurring 
in China, had almost never been included in any analysis.
 
Based on the �ndings from chloroplast and nuclear DNA 
analyses, the genus was found to be divided into two main 
sections: a southwest Eurasian cluster with Z. sicula, 
Z. abelicea and Z. carpinifolia, and an East-Asiatic group 
with Z. serrata, Z. schneideriana and Z. sinica. This division 
is in accordance with leaf morphology: the teeth of leaves 
of the East-Asiatic Zelkova species exhibit shallow sinus-
es, while those of the Eurasian taxa are coarser. However, 
some �ndings demonstrate a strong association between 
Z. schneideriana and Z. carpinifolia. This linkage could be 
interpreted as the footprint of a species that was once 
more widely distributed throughout most of the Northern 
Hemisphere during the Tertiary, but became fragmented 
in a later period following changes in climate. The differ-
entiation between the East-Asiatic and southwest Eur-
asian groups is likely to have occurred during the Tertiary�s 
Middle Miocene (18-12 million years BP). This division 
may have been deepened by the growing aridity in Central 
Asia that acted as a barrier against reuni�cation. 

Although the Mediterranean species Z. abelicea covers a 
relatively small area (endemic to Crete), it is almost cer-
tainly the most genetically diverse among the southwest 
Eurasian species: each mountain massif where the plant 
occurs, represents a separate genetic unit. As regards 
Z. carpinifolia, two main clades were identi�ed: an eastern 
clade of the Hyrcanian region (Azerbaijan and Iran), in-
cluding the highly isolated population in eastern Georgia 
(Babaneuri), and a western clade, including populations 
of the Colchis (western Georgia and northeastern Turkey). 
As for Z. sicula (endemic to Sicily), the species is geneti-
cally impoverished in each of the two known populations. 
Likely of hybrid origin, the parents of this taxon are sug-
gested to be close to Z. abelicea and Z. carpinifolia ances-
tral species. This makes Z. sicula fundamentally important 
to the understanding of the complex evolution of the genus.

The situation between and within the East-Asiatic Zelkova 
species remains particularly unclear. More work is 
needed, including genetic analyses based on large-scale 
collection of plant material from natural populations 
throughout the entire range of these species. This es-
pecially pertains to China and the Korean Peninsula, to 
clarify the phylogenetic position of the related species. 

1. Z. sicula from Ciranna 
(Sicily), displaying morphologi-
cal and genetic similarities with 
Z. carpinifolia (gk)

2. Z. carpinifolia from Babaneuri 
(eastern Georgia), genetically 
very close to the Hyrcanian 
populations (gk) 

3. Schematic phylogeny of the 
genus Zelkova

4. Z. carpinifolia from the Colchic 
region. Ajameti Nature Reserve, 
western Georgia (gk)  
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Z. sicula (Bosco Pisano)
Z. sicula (Ciranna)

Z. abelicea

Z. carpinifolia
(Colchis)

Z. carpinifolia
(Hyrcanian region)

Z. schneideriana
Z. sinica

Z. serrata
(East Asia)
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1-2. Z. abelicea exhibits a very 
high genetic diversity within 
and between populations. The 
population of Thripti (1) in 
eastern Crete is very distant 
from the one of Kedros in the 
Psiloritis mountains (2). This 
separation may have happened 
several million years ago (gk)
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Zelkova species � 
individual pro�les and 
recommended priority actions

Zelkova carpinifolia. Talysh mountains, Azerbaijan (gk)
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