BNMIC Ecology

Research article
Richness of Colchic vegetation: comparison between refugia of
south-western and East Asia

Zaal Kikvidze*! and Masahiko Ohsawa?

@,

BiolVied Central

Address: nstitute of Botany of the Georgian Academy of Sciences, Kojori Road 1, Tbilisi 380007, Republic of Georgia and 2Laboratory of
Biosphere Functions, Institute of Environmental Studies, Graduate School of Frontier Sciences, The University of Tokyo, 7-3-1 Hongo, Tokyo 113-

0033, Japan

E-mail: Zaal Kikvidze* - zaal@nature.s.chiba-u.ac.jp; Masahiko Ohsawa - mohsawa@k.u-tokyo.ac.jp

*Corresponding author

Published: 20 December 2001
BMC Ecology 2001, 1:6

Received: 7 September 2001
Accepted: 20 December 2001

This article is available from: http://www.biomedcentral.com/1472-6785/1/6

© 2001 Kikvidze and Ohsawa; licensee BioMed Central Ltd. Verbatim copying and redistribution of this article are permitted in any medium for any
non-commercial purpose, provided this notice is preserved along with the article's original URL. For commercial use, contact info@biomedcentral.com

Background

Abstract

Background: The Colchis is one of the species-rich refugia and a centre of biological diversity in
western Eurasia. We analysed patterns of richness, endemism and invasions in relation to
taxonomy (family membership), life form, certain habitats in the Colchis, and compared them to
patterns found for Japan.

Results: We found that in the Colchis perennials are significantly over-represented in endemic
species, and that they typically occur on limestone soils and in alpine tall herbaceous vegetation.
The Asteraceae produce significantly large number of both endemic and alien species, whereas the
Poaceae are over-represented in alien species but under-represented in endemics. Likewise, the
Apiaceae are over-represented in endemics, whereas the Euphorbiaceae are over-represented in
alien species. Similar patterns have been found in Yakushima, Japan. The Morisita-Horn index of
similarity between these two sites was 0.83 (based on family size). Although the flora of Adjara
comprised of fewer families than the flora of Yakushima, the largest families are richer in species in
the flora of Adjara than in the flora of Yakushima.

Conclusions: Floristic analysis of refugia of western Eurasia and their comparison with
geographically distant areas can provide useful data for plant ecological and evolutionary studies.
Potentially, such studies can produce testable hypotheses on plant migrations and on their
historical geography. For example, the data presented in this study indicate that more severe
conditions in the Pleistocene and geographical isolation of the Colchis may be responsible for the
higher relative importance of adaptive radiation in the shaping of its modern flora.

of historical plant geography [1,2].

southeastern North America created the modern classics

Refugia provide useful data for solving important prob-
lems of evolutionary biology, phylogeny and biological
migrations. Modern distributions of relict species together
with palaeo-ecological data depict an exciting picture of
the history of nature. Comparative biological geographi-
cal studies of refugial areas such as Southeast Asia and

The Colchis is a well-known refugium for many Tertiary
relict plant species in western Eurasia. Due to its peculiar
geography and natural history the Colchis is of particular
interest for botanical and ecological studies. However, lit-
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erature on the type of vegetation preserved here are scarce
[3]. The Colchis is primarily known for species-rich forests
where rare woody species, which were widespread in the
European Tertiary, are preserved [4-11]. Other compo-
nents of Colchic vegetation are less studied.

Here we undertake a more comprehensive approach to
the Colchic flora by: (a) exploring the ecological potential
of different taxa in the Colchis, and (b) comparing the
structure of the flora within the key refugium in the Col-
chis (Adjara) with that of a key refugium in Japan
(Yakushima), to see whether there are similarities in the
response of different families to isolation into refugia.
Specifically, we have compiled a list of plant species found
in the Colchis, which provides data on biodiversity at dif-
ferent taxonomic levels, as well as information on life
form, the status (endemic, naturalised), and habitat de-
pendence of a species. The data obtained were analysed
and a sample of Colchic vegetation (Adjara) was com-
pared to a sample of vegetation of Japan (Yakushima Is-
land). These two areas are geographically very distant, but
exhibit similar mean annual temperatures and precipita-
tion. Moreover, both Adjara and Yakushima are distin-
guished refugia with many endemic and relict species.

Our work is largely explorative. Specifically, we tried to
clarify the following points: (a) number and size of fami-
lies; (b) quantitative contribution of life form types - an-
nuals, perennials, shrubs, trees, vines; (c) quantitative
contribution of endemic, naturalised and other species;
(d) deviations of proportions of endemic, naturalised and
other species from the values found for the entire flora
when analysed for different life form types (i.e., in which
life form types are the most endemic or adventitious spe-
cies expected?); (e) distribution of endemic, naturalised
and other species among vegetation types such as lime-
stone habitats, tall herbaceous sub-alpine vegetation, wet-
land communities (i.e., which vegetation type favours
most speciation (endemism) and which favours inva-
sion?); (f) distributions of endemic, naturalised and other
species among families (i.e., which families have highest
capabilities for adaptive radiation and which produce in-
vaders?); (g) distributions of taxa between the floras of
Adjara (the Colchis) and Yakushima (Japan).

We analysed the following plant categories: (1) endemic
and (2) naturalised species - traditional targets in such
analyses; we also added three categories related to habi-
tats: (3) calciphiles - limestone habitats of the Colchis are
species-rich and harbour many endemic and vicarious
species; (4) tall herbaceous vegetation (hereafter altherbo-
sa) - this generally rare type of vegetation is typical of the
Colchis and yields many endemic and relict species; (in
the Colchis altherbosa usually occurs at the timberline,
but also on secondary sub-alpine meadows); (5) wetlands
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- this habitat is under special protection after Georgia
joined the Ramsar Convention. We did not perform a spe-
cial analysis for forest habitats, since Colchic forests are
better studied, and since the role of forests in maintaining
biodiversity is well established.

Results

Analysis of the Colchic flora

Table 1 shows a list of angiosperm and gymnosperm fam-
ilies and their size (number of species) in the flora of the
Colchis. Species are distributed among 769 genera and
139 families. Families differ strongly in size. The Asterace-
ae is the largest family with more than 300 species. Next is
the Poaceae with more than 200 species, followed by the
Fabaceae, Apiaceae, Brassicaceae, Rosaceae, Lamiaceae,
Caryophyllaceae, Cyperaceae, and Scrophulariaceae, each
with more than 100 species. On the other hand, 73 fami-
lies have less than 5 species. The value of A (used to char-
acterise taxonomic diversity by family size, (see Materials
and Methods) was 0.045, pointing to the concentration of
species in larger families. The same value would be ob-
tained if there were only 22 families but of equal size.
Hence, the probability that two randomly selected species
will belong to the same family is 5.77 times higher in the
real list than it would be if families were distributed uni-
formly.

Fig. 1 shows the life form composition. Perennials are
most abundant followed by annuals, shrubs, biennials,
trees, and vines. However, the distribution of life form
types among the target categories (see above) is strongly
non-random. We have tested the biases of life form pro-
portions in the endemic and naturalised plant categories
by means of randomisation tests (Fig. 2). We also ana-
lysed the distribution of life forms among habitat catego-
ries (not shown). We found:

a) Fewer annuals than expected in the endemic, lime-
stone, altherbosa and wetland species groups, whereas
they are far over-represented in naturalised species.

b) Fewer biennials than expected in limestone, altherbosa
and wetland habitat groups.

¢) More perennials than expected in the endemic, lime-
stone, altherbosa and wetland species groups, but fewer in

the naturalised species group.

d) Fewer shrubs than expected in the altherbosa and wet-
land species groups.

e) More trees than expected in the naturalised and lime-
stone species groups but fewer than expected in wetlands.

f) More vines than expected in naturalised plants.
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Table I: List of angiosperm and gymnosperm families and their size (number of species) in the Colchic flora

# Family Size 47 Linaceae 10 94 Callitrichaceae 2
| Asteraceae 346 48 Amaranthaceae 8 95 Ceratophyllaceae 2
2 Poaceae 230 49 Polygalaceae 8 96 Cucurbitaceae 2
3 Fabaceae 192 50 Thymelaeaceae 8 97 Elaeagnaceae 2
4 Apiaceae 148 51 Aceraceae 7 98 Elatinaceae 2
5 Brassicaceae 116 52 Aristolochiaceae 7 99 Haloragaceae 2
6 Caryophyllaceae 114 53 Betulaceae 7 100 Hydrocaryaceae 2
7 Rosaceae 114 54 Convolvulaceae 7 101 Juglandaceae 2
8 Cyperaceae 108 55 Cuscutaceae 7 102 Juncaginaceae 2
9 Lamiaceae 107 56 Urticaceae 7 103 Loranthaceae 2
10 Scrophulariaceae 103 57 Asparagaceae 6 104 Melanthiaceae 2
I Boraginaceae 60 58 Convallariaceae 6 105 Menyanthaceae 2
12 Campanulaceae 60 59 Oleaceae 6 106 Nymphaeaceae 2
13 Ranunculaceae 52 60 Rhamnaceae 6 107 Portulacaceae 2
14 Orchidaceae 46 6l Verbenaceae 6 108 Resedaceae 2
15 Polygonaceae 43 62 Cistaceae 5 109 Saururaceae 2
16 Euphorbiaceae 38 63 Cuppressaceae 5 110 Staphyleaceae 2
17 Primulaceae 33 64 Oxalidaceae 5 Il Trilliaceae 2
18 Rubiaceae 33 65 Plantaginaceae 5 112 Acteaceae |
19 Dipsacaceae 32 66 Pyrolaceae 5 113 Anthericaceae |
20 Geraniaceae 25 67 Alismataceae 4 114 Aquifoliaceae |
21 Onagraceae 25 68 Berberidaceae 4 115 Asphodelaceae |
22 Orobanchaceae 24 69 Commelinaceae 4 116 Balsaminaceae |
23 Papaveraceae 23 70 Droseraceae 4 117 Butomaceae |
24 Hyacintaceae 22 71 Hydrocharitaceae 4 118 Buxaceae |
25 Salicaceae 22 72 Lythraceae 4 19 Capparidaceae |
26 Saxifragaceae 22 73 Pinaceae 4 120 Celtidaceae |
27 Solanaceae 22 74 Santalaceae 4 121 Daticasceae |
28 Gentianaceae 21 75 Sparganiaceae 4 122 Ebenaceae |
29 Juncaceae 21 76 Tamaricaceae 4 123 Empetraceae |
30 Violaceae 20 77 Typhaceae 4 124 Hemerocallidaceae |
31 Alliaceae 19 78 Vacciniacieae 4 125 Lauraceae |
32 Malvaceae 19 79 Anacardiaceae 3 126 Monotropaceae |
33 Helleboraceae 18 80 Araceae 3 127 Najadaceae |
34 Hypericaceae 18 8l Araliaceae 3 128 Peganaceae |
35 Crassulaceae 17 82 Cannabinaceae 3 129 Phytolaccaceae |
36 Chenopodiaceae l6 83 Celastraceae 3 130 Platanaceae |
37 Valerianaceae 15 84 Colchicaceae 3 131 Polemoniaceae |
38 Potamogetonaceae 13 85 Cornaceae 3 132 Punicaceae |
39 Amaryllidaceae 12 86 Dioscoreaceae 3 133 Rafflesiaceae |
40 Iridaceae 12 87 Grossulariaceae 3 134 Rutaceae |
41 Liliaceae 12 88 Lemnaceae 3 135 Simaroubaceae |
42 Fagaceae I 89 Lentibulariaceae 3 136 Smilacaceae |
43 Asclepiadaceae 10 90 Moraceae 3 137 Taxaceae |
44 Caprifoliaceae 10 91 Paeoniaceae 3 138 Tiliaceae |
45 Corylaceae 10 92 Ulmaceae 3 139 Zygophyllaceae |
46 Ericaceae 10 93 Vitaceae 3

Almost 70% of limestone species are endemic (Figs. 3 and
4). Altherbosa also contains a high number of endemic
species, whereas endemics are rare in wetlands. The
number of naturalised species is lower than expected in all
habitat categories (altherbosa is completely free of aliens
- Fig. 4).

It may be assumed that taxa differ in their potentials for
adaptive radiation and migration. This can bias the taxo-
nomic structure of the analysed plant categories. We ex-
amined the proportions of the 42 largest families (with
more than 10 species - Table 2) in the 5 different plant
categories. Twenty-three families demonstrate significant
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Figure |
Life form composition of the Colchis flora

positive or negative deviation from the expected values.
There are no Cyperaceae in altherbosa, whereas in wet-
lands this family is represented by far more species than
expected. The Juncaceae repeat the pattern of the Cyper-
aceae. The Campanulaceae appear to be biased especially
towards limestone, producing a vast number of endemic
species on those soils. In the Ranunculaceae, the subfami-
ly Helleboroides appears to be extremely biased towards
altherbosa. Among the larger families the Apiaceae con-
tribute many of the species growing in altherbosa and in-
clude a considerable number of endemics. The Poaceae
show a very different bias, being surprisingly under-repre-
sented in altherbosa and wetlands but over-represented in
naturalised species; at the same time the Poaceae contain
far fewer endemic species than expected. The Asteraceae
resemble the Apiaceae in having many species typical of
altherbosa and having more than the expected number of
endemic species. Simultaneously, they are under-repre-
sented in wetlands yet over-represented in naturalised
species. The Fabaceae are remarkably under-represented
in wetlands and in endemic species. The Caryophyllaceae
and the Rosaceae are also under-represented in wetlands,
as well as in naturalised species. The only bias with the La-
miaceae is its under-representation in altherbosa.

So far, all these calculations have been performed with an-
giosperm and gymnosperm species. Ferns are fewer in
number (less than 3% of the total list), and their life form
diversity is low. Ferns contain 4 endemic and 4 natural-
ised species, and these numbers do not differ from the ex-
pected proportions significantly, as tested by the
randomisation test.
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Figure 2

Difference between observed and expected percent share of
endemics and naturalised species within the life forms. p-val-
ues are from randomisation test, which poses a null hypothe-
sis that endemics and naturalised species occur in the same
frequency as the other species across the different catego-
ries.

Comparing two floras of western and eastern Asia with
similar climates

We selected two sample areas with comparable species
richness, one within the Colchis and one in Southeast
Asia. The first, Adjara, dubbed a "refugium in a refugium”,
has the warmest and most humid climate within the Col-
chis. The second, Yakushima, is an island with well-pre-
served natural habitats, located just north of the
biogeographical boundary between the warm-temperate
and subtropical regions (31°N, 131°E). Though Yakushi-
ma's latitude is 10° lower, the climates of these two areas
are similar (Fig. 5). We compared the Flora of Yakushima
[12] with the flora of Adjara derived from our list of Col-
chic plants. One hundred and twenty-four and 171 fami-
lies, 548 and 641 genera, and 1632 and 1292 species are
found in Adjara and Yakushima, respectively (see Addi-
tional File 1)

The concentration of species in the larger families for Ad-
jara followed the same patterns as found in the entire Col-
chis (A = 0.045, see above), whereas for Yakushima the
concentration was lower (A = 0.035). Presence/absence
data from both floras show that Yakushima and Adjara
have 54% of families in common, 36% are present only in
Yakushima and 10% only in Adjara. However, considera-
tion of family size shows that in fact the flora of these two
sites are more similar than this data suggests — the Morisi-
ta-Horn index based on family size is as high as 0.83. In-
deed, families not shared between the two sample areas
are small and comprise only 6% of the species (Fig. 6). Ac-
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Table 2: Taxonomical biases across the analysed plant categories in the Colchis expressed as significant difference between the observed
and expected family sizes in these categories. Significance is tested by a randomisation test (p < 0.05), which poses a null hypothesis that

species occur in the same frequency across the different categories.

Family Endemics Naturalized Limestone Altherbosa Wetlands
Alliaceae 4

Apiaceae 23 5 I

Asteraceae 14 12 18 -12
Boraginaceae -6

Campanulaceae 27 13 -3
Caryophyllaceae -8 -5
Brassicaceae -6

Cyperaceae -4 42
Dipsacaceae 7

Euphorbiaceae 5

Fabaceae -14 -1
Helleboroideae 6

Hyacintaceae 3

Juncaceae -3 9
Lamiaceae -4

Liliaceae 4

Onagraceae -3

Orchidaceae -6 -4

Poaceae -24 23 -6

Polygonaceae -6 4

Ranunculaceae -4

Rosaceae -7 -5
Solanaceae |

cordingly, distributions of these small families are nar-
Tow.

For the families common to both sample areas we used
randomisation to test the null hypothesis that families are
distributed at the same frequency in both locations (Figs.
6 and 7). Apparently, fewer families are centred towards
Adjara (have more species in Adjara than expected under
the null hypothesis, which assumes a uniform distribu-
tion of families), but these families tend to be relatively
large, whereas there are more numerous but comparative-
ly smaller families centred towards Yakushima.

Sixty-six families show uniform distribution between Ad-
jara and Yakushima. Remarkably, the mean size of these
families is much smaller than that of families centred to-
wards either site (Fig. 7). Uniformly distributed families
are characterised by their global distribution. Four catego-
ries may be distinguished:

(a) Larger families that contain in particular many weeds
(Poaceae, Polygonaceae, Solanaceae, Euphorbiaceae,
Primulaceae).

(b) Smaller families of invasive species and weeds (Ama-
ranthaceae, Amaryllidaceae, Apocynaceae, Aristolochiace-
ae, Capparidaceae, Commelinaceae, Convolvulaceae,
Dioscoreaceae, Iridaceae, Loranthaceae, Oxalidaceae,
Phytolaccaceae, Plantaginaceae).

(c) Families of predominantly aquatic and wetland spe-
cies (Alismataceae, Callitrichaceae, Ceratophyllaceae,
Droseraceae, Elatinaceae, Haloragaceae, Hydrocharitace-
ae, Lemnaceae, Lentibulariaceae, Lythraceae, Menyan-
thaceae, Nymphaeaceae, Potamogetonaceae, Trapaceae,
Typhaceae);

(d) Families of widely distributed tree genera, many of
them with disjunct area (Aceraceae, Anacardiaceae, Ar-
aliaceae, Berberidaceae, Buxaceae, Caprifoliaceae, Celas-
traceae, Cornaceae, Cupressaceae, Ebenaceae, Ericaceae,
Fagaceae, Juglandaceae, Oleaceae, Pinaceae, Rhamnaceae,
Staphyleaceae, Taxaceae, Thymelaeaceae, Tiliaceae, Ul-
maceae);

One hundred and six species occur in both sites (see Ad-
ditional File 2). Out of them 98 are listed in the "Geo-
graphical Atlas of the World Weeds" [13]. The rest also
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Figure 3
Percent share of endemics and naturalised species within the

analysed three habitat types.

range widely, among them plants of aquatic, coastal, wet
and moist habitats (Calystegia soldanella, Drosera rotundifo-
lia, Microstegium japonicum, Myosoton aquaticum, Paris
quadrifolia, Parnassia palustris, Zostera marina), and eco-
nomically or otherwise valuable species dispersed by hu-
man agency (Cardamine impatiens, Rhus javanica, Vitex
rotundifolia).

An interesting component of similarity is the woody gen-
era of wide distribution (Acer, Alnus, Berberis, Buxus,
Carpinus, Castanea, Celtis, Clematis, Daphne, Diospyros,
Euonymus, Fraxinus, Hedera, Ilex, Ligustrum, Lonicera, Os-
manthus, Paliurus, Prunus, Quercus, Rhamnus, Rhododen-
dron, Rhus, Rosa, Rubus, Salix, Smilax, Sorbus, Swida, Tilia,
Vaccinium, Viburnum, Vitex). Some of them have many en-
demics and show a remarkably disjunct distribution.

We also compared the contribution of larger families to
plant categories for these two sites (not shown). We found
that the Asteraceae and Poaceae contained more natural-
ised species than expected at both sites although this was
not significant for the Poaceae in Yakushima. Endemic
Asteraceae are also significantly more frequent than ex-
pected in both Adjara and Yakushima, while those of
Poaceae are significantly less frequent. Other large fami-
lies also show certain structural patterns. For example, the
Apiaceae contained significantly more endemics than ex-
pected at both sites, whilst the Euphorbiaceae have a sig-
nificantly larger proportion of naturalised species than
expected at both sites.

http://www.biomedcentral.com/1472-6785/1/6
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Figure 4

Difference between the observed and expected percent
share of endemics and naturalised species within the analysed
three habitats. p-values are from randomisation test, which
poses a null hypothesis that endemics and naturalised species
occur in the same frequency as the other species across the
different categories.

Discussion

Taking into account the small area and relatively high lat-
itude of the Colchis, the richness of its vegetation seems
very remarkable. However, richness alone does not com-
pletely describe the floral diversity. Unfortunately, data
on species abundance are incomplete, thus calculations of
diversity indices based on the abundance distribution are
impossible. Instead, we analysed the taxonomic diversity
and the distribution of families and genera in specific hab-
itats and plant categories such as endemic or naturalised
plants.

Some of the distributional patterns of species categories
among life forms are not surprising. For example, the
abundance of annuals in the naturalised species category
was predictable, since both invader and weedy species
tend to be annuals, as are often used as crop species. Vines
also appear to escape easily from cultivation. The abun-
dance of perennials in altherbosa seems natural as well,
since this type of vegetation is comprised of large forbs,
which tend to be perennial species. Perennials clearly pre-
dominate in the endemic species category. A remarkable
pattern is the over-representation of trees and very high
proportion of endemic perennials on limestone. Commu-
nity types that are discontinuous, such as limestone habi-
tats, probably favour speciation but may also provide
ecological niches for tree species that are outcompeted by
Fagus orientalis, Quercus spp., Abies nordmanniana, Pinus ko-
chiana, Picea orientalis in climax forests.
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Climagram for Adjara and Yakushima

Altherbosa may also be considered quite a unique com-
munity type as it has many endemic species and a highly
distinct taxonomic composition. The lower than expected
proportion of endemics in the wetlands of the Colchis
may suggest that these communities are similar to those
outside of this region, yet even this small number of rare
elements such as Kosteletzkya pentacarpos, Hibiscus ponticus,
Rhamphicarpa fistulosum, Rhododendron luteum make them
unique among the wetlands of western Eurasia.

We compared the Colchis with an area in Southeast Asia,
which is often included in biogeographical comparisons,
especially with south-eastern North America [1,2,14-16].
Many taxa with disjunct area, especially relict woody
plants, occur in these two geographical regions, indicating
that a homogeneous forest vegetation covered large areas
of the northern hemisphere during most of the Tertiary
[5]- During the Ice Ages these two regions served as refugia
for plants. After the ice sheet retreated some taxa were able
to migrate and re-colonise large areas forming the modern
vegetation, whereas some species (relicts) still remain
within the old refugial area. Some studies have compared
Southeast Asian and North American refugia with similar
areas in the Caucasus to show that relicts are preserved
there too [6,11].

The observed pattern in plant family distribution reflects
the different history of climate in eastern and western Eur-
asia during the last geological epochs. Since climate
change was more severe and drastic in western Eurasia
[11,17], re-colonisation was especially important for
shaping the modern floras. Not all taxa were able to re-
colonise, and the empty niches were filled by adaptive ra-
diation of migrating taxa. Additionally, western Eurasia,
and the Colchis in particular is poorly connected geo-
graphically to subtropical and tropical vegetation. Taxa

http://www.biomedcentral.com/1472-6785/1/6
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Figure 6

Family distribution between Adjara and Yakushima. The filled
areas of the bar shows total frequencies (number of species)
of families that are found only in one of the locations; the
filled areas of the pie represent total frequencies of families
that show certain patterns of distribution as distinguished by
randomisation test.

that were extinct within the Colchis could not be replen-
ished by immigrating tropical taxa as occurred in South-
east Asia [18]; this appears to have facilitated the adaptive
radiation of locally surviving taxa. The result is that fami-
lies are generally larger, but with fewer families in western
than in eastern parts of the Eurasian continent.

The comparative analysis shows that at the species level
the similarity between Adjara and Yakushima is due to (a)
widely distributed, predominantly naturalised annuals
such as weeds and escapees, and (b) plants of aquatic,
coastal, wetland and other water-related habitats. (The lat-
ter may explain why the wetland species in Colchis have
significantly fewer endemic species than expected; appar-
ently such a pattern is common elsewhere.) A remarkable
component of similarity is tree genera of wide and often
disjunct distribution. Finally, the high similarity at the
family level seems to reflect merely that both sites belong
to the same biogeographical region (Palearctis).

The patterns of plant distribution among different catego-
ries combine the ecological and evolutionary aspects of
taxonomy. For example, a high potential for adaptive ra-
diation of the Apiaceae may be seen in the fact that this
family produces significantly more endemic species,
whereas the high migration potential of the Euphorbiace-
ae may account for the significantly larger proportion of
this family in the naturalised species. Likewise, the Aster-
aceae seem to have a strong potential for both migrations
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Mean size of families (in number of species) distributed
between Adjara and Yakushima.

and adaptive radiation, whereas the Poaceae are remarka-
ble for a high migration potential but may have a low po-
tential for adaptive radiation. The Apiaceae and,
especially, the Asteraceae are also very specious taxa of
high altitudes and latitudes. Apparently, they were able to
diversify not only in the Post-glacial but also during the
Pleistocene.

Conclusions

Floristic analyses of refugia of western Eurasia and their
comparison with geographically distant areas can provide
useful data for plant ecological and evolutionary studies.
Potentially, such studies can produce testable hypotheses
on plant migrations and on their historical geography. For
example, our results suggest that more severe conditions
in the Pleistocene and geographical isolation of the Col-
chis may be responsible for the higher relative importance
of adaptive radiation in the shaping of its modern flora.
As a result, here the largest families are richer in species
than in other refugia.

Materials and methods

The Colchis: a short introduction to its geography, natural
history and vegetation

The Colchis (Kolkheti, Colchida) has a number of differ-
ent definitions. Usually, the Colchis is understood as the
western part of Georgia (41° to 45°N, 40° to 46°E). This
political and administrative perimeter of the Colchis con-
curs well with its natural borders, which slightly expand to
Russia and Turkey (Fig. 8). However, in some early publi-
cations the Colchis has been defined as the lowland part
of the Rioni valley only, or even as just a narrow stripe of
coastal lowlands of Adjara and Guria between the estuar-
ies of the rivers Tchorokhi and Rioni with an especially
humid and warm-temperate climate [19].

http://www.biomedcentral.com/1472-6785/1/6

Figure 8

Geographical location of Colchis. Concentric contours
around Adjara indicates most humid and warm climate within
the Colchis Triangle.

To us the natural borders of the Colchis are set by the oc-
currence of a particularly humid and warm climate, with
an annual precipitation no less than 1500 mm, mean an-
nual temperature in the lowlands ca.13°C, and an altitu-
dinal thermal gradient of ca. 0.5 C°/100 m [9]. The
botanical and geographical distinction of the Colchis cor-
responds well with these borders. Therefore, the Colchis
comprises an area from the north-western part of the Cau-
casus (Tuapse) to the north-eastern part of Anatolia [5],
forming the "Colchic Triangle". This area is sheltered by
the ranges of the Great and Small Caucasus mountains to
the North, East and South, whereas to the West it is open
towards the Black Sea. The warmer and more humid cli-
mate, sharply distinguishing the Colchis from adjacent ar-
eas, is a consequence of this peculiar geomorphologic
configuration.

The geological characters of the Great and Small Caucasus
differ. Jurassic slates and sandstone, Cretaceous lime-
stone, marls, sandstone and Palaeozoic granites underlie
the former, whereas the latter is founded on Eocene vol-
canic bed-rocks such as andesites, with Palaeocene and
Lower Eocene clays, marls and sandstone. The soils are a
mosaic of alluvial, yellow, red, rendzina, brown forest,
mountain meadow and peat soils, and andosols.

The dissected topography with numerous isolated gorges,
the altitudinal range from sea level to snowline, and the
mild climate - all contribute to the high richness of the
Colchis flora. The most common types of natural vegeta-
tion of the Colchis are listed in Table 3.
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Table 3: Major communities of Colchic vegetation
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Community

Principal or typical species

Alpine desert, or sub-nival open vegetation
Alpine grasslands

Alpine carpets

Dekiani (alpine scrub)

Sub-alpine forest and krummholz
Sub-alpine scrub

Altherbosa

Sub-alpine grasslands

Nemoral coniferous and mixed forests

Pine forest with birch krummholz

Colchis coniferous and mixed forests (with evergreen
understorey)

Colchic beech forests (with evergreen understorey)

Colchis broad leaved with forests (with the evergreen
understorey)
Lowland Colchic forests (with evergreen understorey)

Wetland and peat bog alder forests
Relic pine (mixed) forests
Mixed oak and pine forests

Primula bayernii, Cerastium undulatifolium
Geranium gymnocaulon, Festuca djimilensis, Carex pontica, C. tristis, Agrostis lazica, Festuca
supina, Geum speciosum
Sibbaldia semiglabra, Ranunculus brachylobus, Campanula tridentata, Gentiana pontica

Rhododendron caucasicum

Fagus orientalis, Acer trautvetteri, Betula litwinowii, B. megrelica, B. medwedewii, Quercus pontica

Rhododendron caucasicum, Rh. ponticum, Rh. ungernii, Laurocerasus officinalis, Rhamnus imeret-

ina, Corylis colchica
Heracleum aconitiifolium, H. ponticum, Ligustrum alatum, Milium schmidtianum
Poa iberica, Calamagrostis arundinacea, Agrostis planifolia, Geranium platypetalum
Abies nordmanniana, Picea orientalis, Fagus orientalis
Pinus kochiana, Betula litwinowii

Abies nordmanniana, Picea orientalis, Fagus orientalis with Rhododendron ponticum, Laurocera-
sus officinalis, llex colchica

Fagus orientalis with Rhododendron ponticum, Rh. luteum, Laurocerasus officinalis, llex colchica,
Vaccinium arctostaphylos

Castanea sativa, Fagus orientalis, Quercus iberica with Rhododendron ponticum, Rh. luteum, Lau-

rocerasus officinalis, llex colchica, Vaccinium arctostaphylos
Quercus imeretina, Q. hartwissiana, Zelkova carpinifolia, Carpinus caucasica, Castanea sativa,

Fagus orientalis with Rhododendron ponticum, Rh. luteum, Laurocerasus officinalis, llex colchica,

Vaccinium arctostaphylos

Alnus barbata
Pinus pithyusa, Carpinus orientalis, Cistus ponticus
Quercus dshorochensis, Pinus kochiana

*Taxonomic rank of some species is not clear and they may be a local variety of more widely distributed species such as: Fagus orientalis = Fagus syk-
vatica, or Fagus sylvatica ssp. orientalis Laurocerasus officinalis syn. Prunus laurocerasus llex colchica = llex aquifolium Quercus imeretina = Quercus robur ssp.
imeretina Quercus dschorochensis = Quercus petraea ssp. dschorochensis Carpinus caucasica = Carpinus betulus Pinus pithyusa = Pinus kochiana ssp. pithyusa

Data and Analyses

e Species status (endemic, naturalised).

We prepared the list of the Colchic flora based primarily

on the Key of Colchic Plants [20], on the Key of Adjara

e Other particulars (escapee, alien, weed, parasite).

Plants [21], and on the published volumes [22] of the sec-

ond edition of the Flora of Georgia. As a result, a number
of taxonomic synonyms have been accumulated due to
changes within and differences between the nomencla-
tures. A separate list of these synonyms is supplemented,

We analysed diversity by Simpson's concentration [23,24]
based on family size. Specifically, we calculated a proba-
bility that two species taken from the list at random be-
long to the same family:

while the main list includes the latest versions of the taxa
names. We include 2903 vascular plant species with 77

fern, 10 gymnosperm and 2722 angiosperm plants. Due
to discrepancies found in different sources, 94 an-

A=Ypti=12..8

giosperm species are regarded as "questionable" and are

listed separately.

The information, provided by the main list of species, is

the following.

e Family, genus and species.

where p; is the relative size of the ith family and S is the
number of families. We measured similarity using the
Morisita-Horn index [24], calculated as:

MH =2 (x; *Yi)/[(dx *dy)(Nx *NV)]'

e Life form (annual, biennial, perennial, shrub, tree,

vine).

e Habitat particulars.

where: x; and y; are, respectively, the size (number of spe-
cies) of ith family in the first and second sites, S, and S,
are, respectively, total family size in the first and second
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sites; d, and d, are calculated, respectively, as d, = Zx;/S
and d), = Xy;/S,.

Randomisation test

Randomisation was used to test the null hypothesis that
species are distributed at the same frequency with respect
to different plant categories (endemic, naturalised, family
membership, life form, and habitat). Randomisation
methods do not require any assumptions on data distri-
bution but generate empirical distributions from the ob-
served sample. This advantage is especially important
with small samples common in ecological studies, and
randomisation tests increasingly replace standard statisti-
cal tests in ecological research [25,26]. First we calculated
the observed proportions of life forms in different catego-
ries, next we generated the null reference distribution by
rearranging the order of observed data over the categories
by shuffling them randomly, and computed the propor-
tions for data so randomised. We repeated randomisa-
tions 10000 times calculating the randomised
proportions while the significance level was determined
from the number of randomisation proportions equal to
or more extreme than that observed.

Additional material
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