Pacmumenvrnocmo Poccuu. CI16., 2001.
Ne 2. C. 87—98.

Vegetation of Russia. St. Petersburg, 2001.
N2. P 87—98.

SURVEY OF COMMUNITIES OF THE CLASS SALICORNIETEA FRUTICOSAE

Og30p COOBIIECTB KJIACCA SALICORNIETEA FRUTICOSAE

© V.B. GoLus, I. A. RUKHLENKO, D. D. SOKOLOFF
B. B. T'onys, U. A. Pyxuenko, M. 1I.CokosoB

445003, Institute of Ecology of the Volga River Basin RAS, Komzina 10, Togliatti, Russia;
Fax: 007 8462 489405; E-mail: vbgolub2000@mail.ru
445003, Ecology Faculty, Tatishchev University, Komzina 10, Togliatti, Russia;
Fax: 007 8462 489405; E-mail: ecolog@attack.ru
119899, High Plants Chair, Biological Faculty, Moscow State University, Moscow, Russia;
Fax 007 095 9391827; E-mail: sokoloff@srcc.msu.su

The revision of the high-rank classification units of the cl. Salicornietea fruticosae has been carried out. Two subclasses are
included into the renewed system of syntaxa of this class: Arthrocnemenea uniting Mediterranean (usually coastal) communities
of perennial hyperhalophytes and Kalidienea including mainly inland East-European and Asian communities. New orders, Artemisio-
Puccinellietalia, Kalidietalia caspici and Kalidietalia gracilis, and a number of alliances and suballiances have been proposed. It
is shown that the ord. Limonietalia should be displaced from the cl. Salicornietea fruticosae and referred to a more glycophytic

class.

The northern distribution limits of communities of the cl. Salicornietea fruticosae seems to coincide well with that of the

Ancient Mediterranean region of M. G. Popov.
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Salicornietea fruticosae.

Nomenclatural sources: Cherepanov, 1995; Flora Europaea, 1964—1993; Gubanov, 1996.

INTRODUCTION

The peculiarity of syntaxonomic constructions accor-
ding to the Braun-Blanquet approach is that of their regular
revision which is usually performed when these con-
structions are supplemented with the material obtained
from the new regions.

The main purpose of the present paper is the revision
and review of the higher syntaxa of the cl. Salicornietea
fruticosae which communities of predominant perennial
succulent hyperhalophytes are related to. The revision of
the lower classification units (associations and sub-
associations) has not been carried out since it would
greatly increase the volume of work and also of the present
article but give nothing significant to the achievement of
the main purpose.

The description of the plant cover of the vast territory
of the former USSR started approximately 20 years ago,
and the realization of such a project as Survey of the
Vegetation of Europe as well following the Braun-Blan-
quet approach makes the revision of classification schemes
necessary (Pignatti, 1990; Rodwell et al., 1997; Mirkin et
al., 2000).

MATERIALS AND METHODS

The sphere of our revision was primarily restricted to
Eurasia. Moreover, we probably cover only the northern
part of the distribution area of communities of the cl.
Salicornietea fruticosae on this continent, since the most
significant number of relevés of these communities made
following the Braun-Blanquet approach is given only for
these ranges. It is obvious that communities of this class
should be widely represented within the whole area of
Northern Africa, both inland and coastal. (A small number
of community relevés of the cl. Salicornietea fruticosae
on the Tunisia coast has been included in our processing).

As an initial material for the survey of communities
of the cl. Salicornietea fruticosae in Eurasia, the 260
lower syntaxonomic units (associations and subasso-
ciations) identified for ranges from the Atlantic Ocean to
the Gobi desert were reviewed. The identification of these
units was based on 2349 relevés. All the material was
accumulated in the database created with the help of the
TURBO(VEG) software package (Hennekens, 1996a) and

87



V. B. Golub, I. A. Rukhlenko, D. D. Sokoloff

then processed with the MEGATAB visual editor for
phytosociological tables (Hennekens, 1996b) [with the
program TWINSPAN (Hill, 1979) included] which is
intended for hierarchical construction. The program
TWINSPAN carries out the cluster analysis algorithms.

Computer processing resulted in a series of tables
characterizing the lower syntaxonomic units, with the total
number of columns equal to that of syntaxa included in
the analysis. As the associations and subassociations were
distinguished while working on relevés, a small number
of syntaxa of intermediate and transitional character
(14 columns totally) was rejected in the tables.

As far as the table of lower syntaxonomic units would
take a great deal of space in the paper, we present the
synoptic tables of higher syntaxa only. However, the initial
data can be sent via e-mail to anyone who takes interest
in them.

When revising the syntaxonomy, the authors followed
the ICPN. One of the results of this work was the identi-
fication of syntaxa names which disagreed with the ICPN
rules and hence were subject to rejection with proper
citations from the ICPN articles and principles..

The identification of diagnostic taxa (Dt) was based
only upon the material included in the database. The
syntaxa distribution maps were also compiled using this
database. Hence the established composition of diagnostic
taxa for units of a subclass/order rank within the areas
mentioned can be modified with the inclusion of data from
any new regions in the analysis.

Nomenclatural types (Nt) are identified for all the
higher syntaxa, and the most probable dominants (Dm)
are mentioned for characterization of the alliances. In case
the lectotype has not been chosen by the authors, reference
to publication where it was established is given.

It was found suitable to use superspecies and aggre-
gations of ecologically close species as diagnostic taxa.
This method was employed in the revision of high-rank
syntaxa of the cl. Asteretea tripolium for the area of the
former USSR and Mongolia (Golub, 1994) where the
detailed arguments for proper use of species in wide
meaning (sensu lato), superspecies and aggregations of
species in syntaxonomic revisions covering large terri-
tories were given. The alike approach gained the support
and has been already used in the other regions (Babalonas
et al., 1995). All the species groups are named as sup-
raspecific taxa.

The botanists working in different regions from Por-
tugal to Mongolia have different views on the plant species
volume which makes a revision of the system of the cl.
Salicornietea fruticosae difficult. While composing the
relevés, the problem of plant name unification also arose,
as names of many species have been changed for purely
nomenclatural reasons since the publication of some
manuscripts was made. In the process of work a conso-
lidated list of plant taxa (species, subspecies, variants)
registered in the relevés of communities of the cl. Sali-
cornietea fruticosae was made. The vascular plant names
are given following Flora Europaea (Tutin et al., 1964—
1993) mostly. If species weren’t found there, the mono-
graph of S. K. Cherepanov (1995) and then the publication
of I. A. Gubanov (1996) were used subsequently.

All the taxa with constancy higher than 20 % in
communities of the syntaxa studied are listed in Tables
1—4. The constancy of diagnostic taxa is given in per-
centage. The taxa which act as dominants in more than
50 % relevés of a given syntaxon are printed in bold type.
Species included in the supraspecific taxa are absent in
the tables but mentioned in the text.
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RESsuLTS
(SURVEY AND REVISION OF THE HIGHER SYNTAXA)

Class Salicornietea fruticosae Br.-Bl. et Tx. ex de
Bolos y Vayreda 1950 : 86

Salicornietea fruticosae Br.-Bl. et Tx. 1943 (Art. 8): 8

Salicornietea fruticosae Br.-Bl. et Tx. in Br.-Bl. et al.
1952 (Art. 31) : 101

Arthrocnemetea fruticosi sensu auct. (Art. 30)

Sarcocornietea fruticosae sensu auct. (Art. 30)

Kalidietea Mirkin in Kashapov et al. 1988 (Art. 1) : 26

Kalidietea Mirkin et al. 1988 (Art. 8) : 83

Dt: species of the tribe Salicornieae (Arthrocnemum
fruticosum, A. perenne, A. macrostachyum, Kalidium
caspicum, K. foliatum, K. gracile, Halocnemum strobi-
laceum, Halostachys belangeriana) (Tab. 1).

Nt: Salicornietalia fruticosae Br.-Bl. 1933 (lecto-
typus).

These are floristically poor communities with the
dominance of perennial low shrub and dwarf-semishrub
(chamaephytic and nanophanerophytic) succulent hyper-
halophytes, spread over the area of Eurasia and Northern
Africa.

Subclass Arthrocnemenea subclass nova

Dt: species of the genera Arthrocnemum (A. frutico-
sum, A. macrostachyum, A. perenne), Limonium (L. ara-
gonense, L. auriculae-ursifolium, L. bellidifolium, L. bi-
florum, L. binervosum, L. caesium, L. cossonianum,
L. cymuliferum s. 1., L. delicatulum s. 1., L. densiflorum,
L. densissimum, L. diffusum, L. echioides, L. ferulaceum,

Table 1
Diagnostic taxa of the subclasses of the cl. Salicornietea
fruticosae
JlnarHocTUYeCKHe TaKCOHBI MOKIACCOB K. Salicornietea
fruticosae
Arthrocne- -
Syntaxa names menea Kalidienea
Number of associations and sub- 132 65
associationsincluded in the syntaxon
Dt of subcl. Arthrocnemenea
Parapholis C.E. Hubb. 26
InulaL. 33
Halimione portulacoides 65 -
JuncusL. 41 2
Puccinéllia Parl. 31 17
Limonium Mill. 61 26
Dt of cl. Salicornietea fruticosae
Tribe Salicornieae Mog. 99 85
Dt of subcl. Kalidienea
Petrosimonia Bunge 1 40
SalsolalL. 2 57
Other taxa
Suaeda Forssk. ex Scop. 28 52
Aeluropus Trin. 17 34
Frankenia L. 10 29
Salicornia europaea s.l. 16 26
Sphenopus divaricatus 8 28

Dt of the class B Dt of the subclasses
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L. giacominii, L. girardianum, L. gmelinii, L. graecum,
L. latebracteatum, L. narbonense s. 1., L. oleifolium s. 1.,
L. ramosissimum s. 1., L. vulgare s. 1.), Juncus (J. acutus,
J. anceps, J. bufonius, J. gerardii, J. hybridus, J. littoralis,
J. maritimus, J. pygmaeus, J. subulatus), Inula (I. crith-
moides, I. mediterranea), Puccinellia (P. distans, P. fasci-
culata, P. festuciformis s. 1., P. maritima), Parapholis
(P. filiformis, P. incurva, P. strigosa) and Halimione
portulacoides (Tab. 2).

Nt: Salicornietalia fruticosae Br.-Bl. 1933.

As a rule, these are mainly coastal communities of
succulent hyperhalophytes which occur in relatively mild
climatic conditions of the Mediterranean Sea and the
Atlantic coasts, often with a sound participation of hemi-
cryptophytes of non-succulent character.

Order Salicornietalia fruticosae Br.-Bl. 1933 : 12
Salicornietalia Br.-Bl. 1931 (Art. 2b): 38

Table 2
Diagnostic taxa of the orders of the cl. Salicornietea fruticosae
Jlmarnoctuyeckue TakCOHbI MOPAKOB K. Salicornietea fruticosae
Salicornietea fruticosae
Syntaxa names Kalidienea Arthrocnemenea
Kalidietalia Kalidietalia |[Halimionetalia| Salicornietalia
gracilis caspici verruciferae fruticosae
Number of associations and subassociations
included in the syntaxon 4 39 2 132

Reaumuria songarica 50 - - -
Achnatherum splendens 50 - - -
Haloxylon ammodendron 50 - - -
Nitraria sibirica 50
Phragmites australis 75 5 9 9
Dt of subcl. Kalidienea
Petrosimonia sibirica + P. glauca - 39 - -
P. oppositifolia - - 41
P. brachiata - - 14
Salsola L. (excluding section Climacoptera) 25 21 14 2
Section Climacoptera Botsch. of genus Salsola L. - 74 23 -
Dt of cl. Salicornietea fruticosae |
Kalidium caspicum - 36 - -
K. gracile 100 - - -
K. foliatum 100 - 5 17
Hal ocnemum strobilaceum = 72 59 17

Halostachys belangeriana

Dt of subcl. Arthrocnemenea

Arthrocnemum fruticosum - - - 69
A. macrostachyum - - - 56
A. perenne = = - 31
Halimione portulacoides - - - 65
Inula L. - - - 33
Parapholis C.E. Hubb. - - - 26
JuncusL. - 5 41
Puccinellia Parl. - 3 46 31
Limonium Mill. - 3 73 61
Salicornia europaea s.l. - 13 55 16
Artemisia santonicum - - 32 1
Halimione verrucifera - - 50 -

Other taxa

Psylliostachys spicata + P. suworowii - 28 -

Sphenopus divaricatus - 46 - 8
Aeluropus Trin. - 36 36 17
Frankenia L. - 18 50 10
Suaeda Forssk. ex Scop. - 51 59 28

Dt of the class Dl Dt of the subclasses I:l Dt of the orders
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Arthrocnemetalia fruticosi Br.-Bl. 1931 corr. de Bolos
1967 (Art. 30) : 30

Sarcocornietalia fruticosi Br.-Bl. 1931 corr. Castro-
viejo et Cirujano 1980 (Art. 30) : 144

Dt order = dt subclass.

Nt: Salicornion fruticosae Br.-Bl. 1933 (lectotypus —
Rivas-Martinez et Costa 1984).

The characters of this order coincide with those of the
subclass.

Alliance Arthrocnemion perennis (Rivas-Martinez
in Rivas-Martinez et al. 1980) stat. nov.

Arthrocnemenion perennis Rivas-Martinez in Rivas-
Martinez et al. 1980 (basionymum) : 51

Halimionion portulacoidis J.-M. Géhu 1976 (Art.5) :
397

Puccinellio maritimae—Halimionion portulacoidis
J.-M. Géhu 1994 (Art. 5): 194

Dt: Puccinellia maritima, Aster tripolium, Bostrychia
scorpioides (Hudson) Montagne (red alga). The absence
of Arthrocnemum macrostachyum is also characteristic
for community composition in this alliance (Tab. 3).

Nt: Puccinellio maritimae—Arthrocnemetum peren-
nis (Arenes 1933) J.-M. Géhu 1976 (lectotypus — Rivas-
Martinez et Costa 1984).

Dm: Arthrocnemum fruticosum, A. perenne.

These are communities of the Atlantic coast spread
from the Strait of Gibraltar to the English Channel and
the southern coast of England. The habitats of commu-
nities are well-moistened and very often located under
the direct influence of the sea tides. On the Pyrenean
Peninsula coast communities of this alliance interact with
those of the all. Salicornion fruticosae, forming transi-
tional phytocoenoses.

Alliance Salicornion fruticosae Br.-Bl. 1933 : 15

Salicornion fruticosae Br.-Bl. 1931 (Art. 2b) : 38

Arthrocnemion fruticosi Br.-Bl. 1931 corr. de Bolos
1967 (Art. 30) : 30

Arthrocnemion glauci Rivas-Martinez et Costa 1984
(syntax. syn.) : 18

Dt: species of the genera Arthrocnemum (A. frutico-
sum, A. macrostachyum, A. perenne), Limonium (L. ara-
gonense, L. bellidifolium, L. biflorum, L. caesium, L. cos-

Table 3

Diagnostic taxa of the alliances of the subcl. Arthrocnemenea and adjacent syntaxa

JuarHoctudecke TaKCOHBI COI030B CyOKII. Arthrocnemenea v GXaliInX CHHTAKCOHOB

Syntaxa not included in
Arthrocne-|o: : Limoni- thecl. Salicornietea
Syntaxa hames mion Sf?u?():rorg;g astrion fruticosae
perennis monopetali Limonietalia Suaedion
brevifoliae

Number of associations and

subassociationsincluded in 14 113 5 10 20

the syntaxon

Puccinellia maritima 57 - - -
Aster tripolium 50 8 - - 5
Bostrychia scor pioides 59 2 - -

Dt of ord. Salicornietalia fruticosae = dt of subcl. Arthrocnemenea
Arthrocnemum perenne 64 27 20 - -
A. fruticosum 57 70 80 20 10
A. macrostachyum || - 62 80 1] 2 20
Halimione portulacoides 100 60 80 20 30
Juncus L. 7 43 40 30 35
InulaL. 14 35 40 40 35
Parapholis C.E. Hubb. - 27 60 70 25
Limonium Mill. 57 59 100 100 90
Puccinellia festuciformis s.. - 2% | 20 10 20
Limoniastrum monopetalum - 1 100 10 -
Other taxa

Senecio auriculata - P30 -
Artemisia caerulescenss.l. 7 9 20 50 5
Plantago L. 14 13 - © 80 55
Lygeum spartumL. - 2 20 P40 50
Sphenopus divaricatus - 9 20 10 ; 30 ;
Aeluropus littoralis - 17 - 10 : 30
Salsola vermiculata - - - ' 25 '
Suaeda vera 7 12 - - P 100

Dt of the Dt of the subclass I:' Dt of the L ' Non-characteristic species
class and the order aliances Tt “of the cl. Salicornietea fruticosae
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sonianum, L. cymuliferum s. 1., L. delicatulum s. 1., L. den-
siflorum, L. densissimum, L. echioides, L. ferulaceum,
L. giacominii, L. girardianum, L. gmelinii, L. graecum,
L. latebracteatum, L. narbonense, L. oleifolium, L. ramo-
sissimum, L. vulgare s. 1.), Juncus (J. acutus, J. anceps,
J. bufonius, J. gerardi, J. hybridus, J. littoralis, J. ma-
ritimus, J. pygmaeus, J. subulatus), Inula (I. crithmoides,
1. mediterranea), Parapholis (P. filiformis, P. incurva,
P strigosa), Halimione portulacoides and Puccinellia
festuciformis s. 1.

Nt: Salicornietum fruticosae Br.-Bl. 1933 (lecto-
typus).

Dm: species of the genus Arthrocnemum and (much
less often) Halocnemum strobilaceum.

These are mainly coastal, less often inland commu-
nities of the Mediterranean and the Atlantic coasts of the
Pyrenean Peninsula. They occur in the habitats subject to
periodical flooding. The phytocoenologists of Western
Europe distinguished 4 suballiances, diagnosing these
syntaxa by the predominance of different species of the
tribe Salicornieae Moq.

Suballiance Sarcocornienion alpini Rivas-Mar-
tinez et al. 1990 : 93

Dt: Arthrocnemum perenne s. 1. (Dm).

Nt: Halimiono portulacoidis-Sarcocornietum alpini
Rivas-Martinez et Costa 1984 (holotypus).

On the Mediterranean coast communities of this
suballiance occupy the lowest level of the saline marshes
greatly subjected to the sea-water influence among all
those of the all. Salicornion fruticosae.. On the Atlantic
coast they occur at higher levels than those of the all.
Arthrocnemion perennis. Communities of this sub-
alliance were described for the coast of the Pyrenean
Peninsula by Rivas-Martinez et al. (1990), Peinado et al.
(1992). These authors indicated the particular subspecies
Arthrocnemum perenne [identified by them as Sarco-
cornia perennis (Miller) A. J. Scott subsp. alpini (Lag.)
Castroviejo (Rivas-Martinez et al., 1990)] as characteristic
for communities of the suballiance. Insofar we can judge,
the corresponding nomenclatural combination in the genus
Arthrocnemum has not been published yet (cf. «The Plant
Names Project», 2000).

Suballiance Arthrocnemenion fruticosi

Arthrocnemenion fruticosi Rivas-Martinez in Rivas-
Martinez et al. 1980 (Art. 28) : 51

Sarcocornienion fruticosae Rivas-Martinez et al.
1990 (Art. 30) : 91—92

Dt: Arthrocnemum fruticosum (Dm).

They are coastal communities of the Mediterranean
Sea and the Atlantic coasts which are located at a higher
bank level than those of the suball. Sarcocornienion
alpini and the all. Arthrocnemion perennis but still exist
under the strong sea influence.

Suballiance Arthrocnemenion glauci Rivas-Mar-
tinez et Costa in Rivas-Martinez et al. 1980 : 51

Arthrocnemenion macrostachyi Peinado et al. 1992
(Art. 30) : 286

Dt: Arthrocnemum macrostachyum (Dm).

Nt: Sphenopo divaricati—Arthrocnemetum glauci
Br.-Bl. (1928) 1933 (lectotypus — Rivas-Martinez et
Costa 1984).

These are the Mediterranean coastal, sometimes inland
communities. They occupy the highest and hence driest
locations on the coast, if compared to those of the previous
suballiances, and are more rich in their floristic com-
position than the latter.

Suballiance Halocnemenion Géhu et Costa in Géhu
etal. 1984 : 362

Dt: Halocnemum strobilaceum (Dm).

Nt: Arthrocnemo glauci—Halocnemetum strobilacei
Oberd. 1952 (holotypus).

Communities with the dominance of Halocnemum
strobilaceum are inclined to the eastern part of the Me-
diterranean. The westernmost point where they were
described is the coast of Tunisia (Géhu, Géhu-Frank,
1991).

Alliance Limoniastrion monopetali Pignatti 1953 :
176

Dt: Limoniastrum monopetalum.

Nt: Limonio densissimi—Limoniastretum monope-
tali Pignatti 1953 (lectotypus — Rivas-Martinez et Costa
1984).

These are coastal communities with the dominance of
low bushes of Limoniastrum monopetalum. Their loca-
tions are more remote from the water level than those of
the all. Salicornion fruticosae. In comparison with the
latter, these communities are developed on drier and less
salinized soils which are usually not subject to sea floo-
ding. They are transitional from the communities of the
ord. Salicornietalia fruticosae to those of the ord. Limo-
nietalia Br.-Bl. et. de Bolos 1957. Described in the western
part of the Mediterranean region from Sicily and Tunisia
to Spain (Braun-Blanquet et al., 1952; Géhu, Géhu-Frank,
1991; Curcé, 1996) and also from the southern coast of
Portugal westward from Gibraltar (Rivas-Martinez et al.,
1980).

Subclass Kalidienea subcl. nov.

Dt: species of the genera Kalidium (K. caspicum,
K. foliatum, K. gracile), Salsola (S. aralensis, S. crassa,
S. lanata, S. transoxana, S. turcomanica, S. acutifolia,
S. arbuscula, S. dendroides, S. foliosa, S. kali, S. nitraria,
S. orientalis, S. passerina, S. paulsenii, S. soda), Petro-
simonia (P. brachiata, P. glauca, P. oppositifolia, P. si-
birica, P. triandra) and Halocnemum strobilaceum. The
absence of species of the genus Arthrocnemum is also an
apparent diagnostic feature of the subclass.

Nt: Kalidietalia caspici ord. nov. hoc loco.

These are mainly inland communities of perennial
succulent hyperhalophytes of the south of Eastern Europe,
Kazakhstan, the Middle Asia, Iran and Mongolia which
occur in different types of salty marshes. The coastal
communities of the subclass usually occur near lakes of
the marine origin or deeply cut-in gulfs, limans, etc., not
along the open seashore.

Order Halimionetalia verruciferae ord. nov.

Halostachyetalia Topa 1939 (Art. 3f, Art. 3f) : 64—
65

Dt: Halimione verrucifera, Artemisia santonicum,
Petrosimonia oppositifolia, Salicornia europaea s. 1.,
species of the genera Limonium (L. gmelinii, L. meyeri,
L. bellidifolium, L. suffruticosum, L. iranicum), Puc-
cinellia (P. fominii, P. distans).

Nt: Artemisio santonici—Puccinellion fominii She-
lyag-Sosonko et al. 1989 (holotypus).

Such coastal and inland communities are spread from
the western part of the Black Sea area to the west of the
Caspian Lowland, obviously including the Transcaucasus.

This order may be considered transitional to the subcl.
Arthrocnemenea, which can be seen from the high cons-
tancy of species of the genera Puccinellia and Limonium.
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The latter ones are typical of communities of the
subcl. Arthrocnemenea (see Tab. 1).

Alliance Artemisio santonici—Puccinel-
lion fominii Shelyag-Sosonko et al. 1989 : 8

Halocnemion Korzhenevskiy et Klyukin
1990 (Art. 1, Art. 8): 12

Halimionion Atri et al. 1995 (Art. 8) : Tab. 2.

Halimionio-Petrosimonion triandrae Coldea
2000 (syntax. syn.): 208.

Dt of the alliance = dt of the order.

Nt: Puccinellio fominii—Halimionetum ver-
ruciferae Shelyag-Sosonko et al. 1989 (holo-
typus).

Dm: Halocnemum strobilaceum, Halimione
verrucifera.

The characters of this alliance correspond to
those of the order.

Suballiance Artemisio santonici—Pucci-
nellienion fominii suball. nov.

Dt suballiance = dt alliance (Tab. 4).

Nt: Puccinellio fominii—Halimionetum ver-
ruciferae Shelyag-Sosonko et al. 1989.

They are communities of the alliance in the
northern part of the Black Sea area.

Suballiance Climacoptero-Suaedienion
acuminatae (Golub et Corbadze 1989) stat.
nov. nom. corr. hoc loco.

Climacoptero-Suaedion Golub et Corbadze
1989 : 120 (basionymum)

Dt: Salsola crassa. A sharp fall of the species
constancy in the genera Limonium and Puc-
cinellia and also in Artemisia santonicum is also
typical for the composition of communities of this
suballiance. 5

Nt: Kalidietum foliati Golub et Corbadze
1989 (holotypus).

These communities, developed in the western
part of the Caspian Lowland and Western Iran,
are transitional from those of the ord. Halimione-
talia verruciferae to the ord. Kalidietalia caspici.

Climacoptero-Suaedion Golub et Corbadze
1989 was transferred to the level of a suballiance.
When establishing the alliance, it was implied that
the second part of its name is derived from the
taxon Suaeda salsa. However, it was revealed
during the field works of 1996 that this species
was mentioned erroneously for the communities
of'the ass. Kalidietum foliati (nomenclatural type
of the alliance). Suaeda acuminata is more fre-
quent in the habitats of this association. Accor-
ding to Art. 43 of the ICPN, correction of the
alliance name is considered necessary (see
above).

Order Kalidietalia caspici ord. nov.

Dt: Halostachys belangeriana, Kalidium cas-
picum and species of section Climacoptera Botsh.
of genus Salsola (S. aralensis, S. crassa, S. la-
nata, S. transoxana, S. turcomanica).

Nt: Kalidion caspici all. nov. hoc loco.

They are communities of the perennial succu-
lent hyperhalophytes in the Iranian-Turanian area,
according to the phytogeografic subdivision of
the world by A. L. Takhtajan (1978).
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Table 4

Diagnostic taxa of the alliances and orders of subcl. Kalidienea

JlmarHocTu4yeckue TaKCOHbI COI030B U NOpsiAKoB cyOki. Kalidienea

Artemisio

santonici- clima- | \quro-
Syntaxa names Puccing-|<@lidion| copte- |0 ;o | Kalidion
lion fomi-| GAIC! | 110N | jissorajis| Oracilis
nii lanatae
Number of associations and
subassociationsincluded in| 22 19 14 6 4
the syntaxon
Dt of ord. Halimionetalia verruciferae
Halimione verrucifera 50 - - - -
Salicornia europaea s.l. 55 16 7 17 -
Limonium Mill. 73 - - 17 -
Puccinellia Parl. 46 - - 17 -
Artemisia santonicum 32 - - - -
Petrosimonia oppositifolia ||| 41 - - - -
Petrosimonia sibirica + - 16 79 17 -
P. glauca
Sphenopus divaricatus - 11 100 33 -
Eremopyrum triticeum - 16 36 -
E. orientale - 16 29 - -
Malcolmia africana - 11 29 -
Tetradiclistenella - 5 29 -
Psylliostachys spicata + - - 79 - -
P. suworowii
Aeluropus littoralis 36 5 14 100 -
A. lagopodioides - 16 21 33 -
Polygonum acetosum - 5 7 33 -
Karelinia caspicum - - - 33 -
Scirpus maritimus s.l. - - - 33 -
Tamarix hispida - 5 - 33 -
Dt of ord. Kalidietalia caspici
Sect. Climacoptera Botsch. 23 68 100 33 -
of genus Salsola L.
Dt of cl. Salicornietea
fruticosae
Hal ostachys belangeriana - 26 50 83 -
Kalidium caspicum - 53 29 - -
Halocnemum strobilaceum | 59 68 79 67 -
Dt of ord. Kalidietalia
gracilis
Kalidium gracile - - - - 100
K. foliatum 5 - - - 50 ||
Phragmites australis 9 - - 75
Nitraria sibirica - - - - 50
Reaumuria songarica - - - - 50
Achnatherum splendens - - - - 50
Hal oxylon ammodendron - - - - 50
Other taxa
Suaeda Forssk. ex Scop. 59 58 36 67 -
Frankenia hirsuta 50 11 21 33 -
Salsola L. (excluding sect. 14 42 - - 25

Climacoptera)

Dt of the class B Dt of theorders I:' Dt of the alliances
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Alliance Kalidion caspici all. nov.

Halostachyion Atri et al. 1995 (Art. 8) : Tab. 2.

Dt alliance = dt order.

Nt: Kalidietum caspici Tschernova et Golub in Golub
1995 (holotypus).

Dm: Halocnemum strobilaceum and Kalidium cas-
picum. These communities, extremely poor in floristic
regard, are mainly spread in the desert area of the Iranian-
Turanian region.

Suballiance Kalidienion caspici suball. nov.

Dt suballiance = dt alliance.

Nt: Kalidietum caspici Tschernova et Golub in Golub
1995.

The characters of this suballiance correspond to those
of the alliance.

Suballiance Halocnemo-Haloxylenion aphylli
(Berdiev et Golub in Golub 1995) status nov.

Halocnemo-Haloxylion aphylli Berdiev et Golub in
Golub 1995: 5 (basionymum).

Dt: Haloxylon aphyllum.

Nt: Haloxylo-Kalidietum caspici Berdiev et Golub in
Golub 1995 (holotypus).

These communities are developed on residually sali-
nized and takyr-like soils which are often covered with a
thin layer of sand, with the level of ground water bedding
up to 4 m deep. They are transitional to those with a
dominance of the woody species Haloxylon aphyllum.
Described from the area of the South-Western Turk-
menistan and the lower Amu Darya River (Berdiev et
Golub, 1992; Bakhiev et al., 1994).

Alliance Climacopterion lanatae Berdiev et Golub
in Golub 1995 : 3

Frankenio-Aeluropodion repentis Rukhlenko 1997a
(Art. 1) : 3

Climacopterion longipistillatae Rukhlenko 1997b
(Art. 1) : 8

Climacopterion glaberrimae Rukhlenko 1997b (Art.
1):2

Dt: Petrosimonia sibirica + P. glauca, Sphenopus
divaricatus, Psylliostachys spicata + P. suworowii, Ere-
mopyrum orientale, E. triticeum, Malcolmia africana,
Tetradiclis tenella.

Nt: Tetradiclido-Petrosimonietum glaucae Berdiev et
Golub in Golub 1995 (holotypus).

Dm: Halocnemum strobilaceum, Salsola lanata, Pet-
rosimonia sibirica.

These are communities of the dry subtropical zone of
South-Western Turkmenistan, mainly described in the
Atrek River valley.

Communities of the all. Kalidion caspici which are
more poor in their floristic composition may occur in the
same region but in conditions of less moisture and more
toxic soil salinization.

Alliance Aeluropodion littoralis Berdiev et Golub
in Golub 1995: 5

Phragmito-Halostachyion Golub et E. Kuzmina ex
Bakhiev et Golub 1995 (syntax. syn.) : 17

Dt: Aeluropus littoralis, A. lagopodioides, Polygonum
acetosum, Karelinia caspicum, Scirpus maritimus, Ta-
marix hispida, Phragmites australis.

Nt: Spergularietum sperguloidis Berdiev et Golub in
Golub 1995 (holotypus).

Dm: Halostachys belangeriana (the upper layer),
Aeluropus littoralis and (less often) Halocnemum stro-
bilaceum (the lower layer).

These communities are widespread in the river valleys
of the Middle Asia, on locations well-moistened through
most of the vegetation period. The typical soils are
meadow solonchaks, salt-affected soils, and residual
solonchaks, usually with a heavy texture. The salt content
in the upper soil horizons reaches 4 %.

Communities of the alliance are neighboring the
halophytic phytocoenoses with dominant hemicrypto-
phytes (close to the cl. Festuco-Puccinellietea So6 1968)
and bushes (Verio-Tamaricetea Br-Bl. et de Bolos 1957).

Order Kalidietalia gracilis Mirkin ord. nov.

Kalidietalia Mirkin in Kashapov et al. 1988 (Art. 1,
Art. 8) : 4,26

Kalidietalia gracilis Mirkin et al. 1988 (Art. 8): 79, 83

Dt: Kalidium gracile, K. foliatum, Reaumuria son-
garica, Achnatherum splendens, Phragmites australis,
Haloxylon ammodendron, Nitraria sibirica. The absence
of Halocnemum strobilaceum is a characteristic feature
of the communities of the order.

Nt: Kalidion Mirkin all. nov. hoc loco.

Dm: Kalidium gracile, Phragmites australis, Nitraria
sibirica.

These are communities of the perennial hyperha-
lophytes of Mongolia. They are distinguished by their
pronounced floristic poorness. The order and subordinated
alliance are established on the basis of a small number of
the relevés by Hilbig (1987) and Kashapov et al. (1988).
The level of their knowledge is insufficient.

Alliance Kalidion gracilis Mirkin all. nov.

Kalidion Mirkin in Kashapov et al. 1988 (Art. 1, Art.
8):4,26

Kalidion Mirkin et al. 1988 (Art. 8) : 79, 83

Dt alliance = dt order.

Nt: Salsolo passerinae—Kalidietum foliati Kashapov
et al.1988 ass. nov. hoc loco (nomenclatural type is given
in the Appendix).

Dm: Kalidium gracile, Phragmites australis, Nitraria
sibirica.

The characters of this alliance coincide with those of
the order.

DiscUsSION

The diagnostic group of taxa of the cl. Salicornietea
fruticosae comprises closely related perennials of the
family Chenopodiaceae referred to the tribe Salicornieae
(Moquin-Tandon, 1849; Pratov, 1987) or the subfamily
Salicornioideae (Ulbrich, 1934). Thus, the diagnostic
taxon of the cl. Salicornietea fruticosae may be regarded
as a group of perennial species of the tribe Salicornieae
Moq. (Arthrocnemum fruticosum, A. perenne, A. macro-
stachyum, Kalidium caspicum, K. foliatum, K. gracile,
Halocnemum strobilaceum, Halostachys belangeriana).
It should be noted that the genus Halimione Aell. (typical
of some syntaxa of the cl. Salicornietea fruticosae) is
also sometimes included in the tribe Salicornieae
(Williams, Ford-Lloyd, 1974). However, according to the
more traditional view, the genus Halimione should be
placed in the tribe Atripliceae or even included in the
genus Atriplex (see Stace, 1997).

None of the above-mentioned species of this tribe
Salicornieae is spread over the total ranges of the cl.
Salicornietea fruticosae. These species are gradually
replacing each other in the meridional direction, and their
areas are considerably overlapping. For instance, Halocne-
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mum strobilaceum, typical for the Middle-Asian and East-
European communities of the class, is seldom or rare in
the Mediterranean up to the eastern coast of Spain (where
it occurs in combination with the species of the subcl.
Arthrocnemenea). This species can also be referred to
the genus Kalidium whose main area is located in Central
and Middle Asia. But Kalidium foliatum is to be found in
several points of the southern Spain after a great disjunc-
tion in its area (from the Northern Caspian Lowland to
the Iberian Peninsula; Jalas, Suominen, 1980).

West-European phytocoenologists often refer commu-
nities of the ord. Limonietalia Br.-Bl. et de Bolos 1957 to
the cl. Salicornietea fruticosae (Braun-Blanquet, Bolos,
1957; Géhu, Géhu-Frank, 1984; Rivas-Martinez, 1984;
Rivas-Martinez, Costa, 1984; Peinado et al., 1992). But,
as follows from the taken analysis, this decision seems
wrong for several reasons. Firstly, though species of the
diagnostic «nucleus» of the class (taxa of the tribe Sali-
cornieae) occur in communities of the ord. Limonietalia,
they do not dominate in these phytocoenoses. On the
contrary, their constancy and abundance in the latter
decrease sharply. Secondly, they are not succulent cha-
maephytes or nanophanerophytes but hemicryptophytes
(mostly various cereals, also the species of genera Limo-
nium, Plantago, etc.) which dominate the communities
ofthe ord. Limonietalia. Some of these hemicryptophytes
have thick leaves (species of the genus Limonium), but
they can’t be considered succulents. Thirdly, communities
of the ord. Limonietalia are much more rich in their
floristic composition than those of the ord. Salicornietalia
fruticosae. Eventually, the habitats of communities of the
ord. Limonietalia are never flooded, the latter occupy
more dry and less salinized locations than those of the
ord. Salicornietalia fruticosae. In other words, commu-
nities of the ord. Limonietalia strongly differ from those
of succulent perennial hyperhalophytes both floristically,
ecologically and physiognomically. Probably, the most
appropriate place for the ord. Limonietalia is the cl.
Festuco-Puccinellietea So6 1968.

Communities of the all. Suaedion brevifoliae Br.-Bl.
et de Bolos 1957 are also represented on the Pyrenean
Peninsula. They have been attributed to the ord. Sali-
cornietalia fruticosae (Castroviejo, Cirujano, 1980;
Ladero et al., 1984; Rivas-Martinez, Costa, 1984) and
sometimes to the ord. Limonietalia (including the latter
in the cl. Salicornietea fruticosae; Rigual, 1968; Costa,
Boira, 1981; Peinado et al., 1984). However, despite the
fact the perennial succulent Suaeda vera dominates the
associations of this alliance, these communities have just
a few in common with typical phytocoenoses of the ord.
Salicornietalia fruticosae according to all the other
characters. Species of the tribe Salicornieae (namely those
of the genus Arthrocnemum) are insignificantly represen-
ted in them. We are sure that communities of the all.
Suaedion brevifoliae shouldn’t be included in the ord.
Salicornietalia fruticosae. Still it is the problem which
needs further elaboration.

The degree of division of communities of the subcl.
Arthrocnemenea into alliances and suballiances is higher
than that in the subcl. Kalidienea. This is connected with
a higher level of knowledge of these communities by
West-European vegetation scientists.

Communities of the cl. Salicornietea fruticosae [toge-
ther with those of the cl. Thero-Salicornietea (S. Pignatti
1953) R. Tx. in R. Tx. et Oberd. 1958 are the most
halophytic phytocoenoses in Eurasia. In the specific
landscapes they refer to the borderline points on the axes
of'soil salinity gradients, as any of the high plants become
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The distribution syntaxa of class Salicornietea fruticosae.

Pacnpocrpanenue coobirectTs Kaacca Salicornietea fruticosae.
Subcl. Arthrocnemenea ord. Salicornietalia fruticosae: | — all. Artrocnemion perennis, 2 — all. Salicornion fruticosae, 3 — all. Limoniastrion monopetali. Subcl. Kalidienea, ord. Halimionetalia verruciferae: 4 —
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all. Artemisio santonici—Puccinellion fominii; ord. Kalidietalia caspici: 5 — all. Kalidion caspici, 6 — all. Climacopterion lanatae, 7 — all. Aeluropodion littoralis; ord. Kalidietalia gracilis: 8 — all. Kalidion

gracilis. 9 — the northertn boundary of Ancient Mediterranean according to M. G. Popov (1950).
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eliminated with further increase of salt concentration in
soil solutions. For instance, maximal salt content in soils
under communities dominated by Halocnemum strobi-
laceum is equal to 4—7 % in the north of the Caspian
Lowland under the chloride-sulphate or sulphate-chloride
soil salinity conditions (Tarasov et al., 1983; Grebenyuk,
1988; Grebenyuk, Kashchenko, 1988; Golub, Corbadze,
1989). Approximately the same values are indicated in
the South-Western Turkmenistan (Berdiev, 1986) and in
the Aral Sea area (Bakhiev, 1979) for the chloride type of
soil salinity.

Comparing the community distribution of the cl.
Salicornietea fruticosae to different variants of floro-
genetic division of the Holarctic (Popov, 1929, 1950;
Lavrenko, 1962; Mattic, 1964; Takhtajan, 1978; Razu-
movsky, 1999), it is evident to see that the northern ranges
of communities of the cl. Salicornietea fruticosae up to
the Atlantic Ocean coincide with those of the Ancient
Mediterranean region as outlined in the last works of
M. G. Popov (including the territory of Mongolia; Popov,
1950). Communities of the class have spread much further
to the north of this limit only along the European coast of
the Atlantic (see figure). Unfortunately, we cannot compa-
re the southern ranges of the Ancient Mediterranean to
the area of the cl. Salicornietea fruticosae, as the reliable
vegetation data are absent from along this boundary (see
the unit «Materials and Methods» above). It can be only
noted that in the African and Asian coastal areas between
the tropics they are replaced by the mangroves.

The communities close to the cl. Salicornietea fiu-
ticosae were described also from the coasts of America
(Peinado et al., 1994, 1995). It is important to note that in
California and the adjacent part of Mexico the climatic
conditions are similar to those of the Mediterranean
region, and M. G. Popov (1950) even included these areas
in his wide concept of the Ancient Mediterranean. The
comparative analysis of the Old and the New Worlds’
communities with perennial species of the tribe Sali-
cornieae may be the subject of a special study based on
extensive material.

It may be suggested that communities of the cl. Sali-
cornietea fruticosae originated at the coasts of the ancient
Tethys Ocean. They seem to mark the northern boundary
of this ancient water reservoir and, moreover, they still
bear the ecological features of coastal communities even
when being particularly inland. In the coastal zones they
are formed under the influence of both ground and surface
salty sea-water. In the continental areas they are confined
to various kinds of depressions and river valleys where
salty ground waters lie close to the surface, and the
community locations are subject to surficial flooding in
moist seasons as well as along the marine coast.

It may be also suggested that the driving force of the
evolution of species of the tribe Salicornieae, the «nuc-
leus» of communities of the cl. Salicornietea fruticosae,
was the adaptation to increasing continentality of the
climate as the Ancient Tethys regressed.

Thus, it is reasonable to consider the cl. Salicornietea
fruticosae Ancient Mediterranean, not Mediterranean and
thermo-atlantic as it is often interpreted (e.g. Mucina,
1997). The appearance of analogous communities of the
cl. Salicornietea fruticosae in Australia (Bridgewater,
1982; Bridgewater, Cresswell, 1993) is probably connec-
ted with the subsequent penetration of diaspores of a
species close to the genus Arthrocnemum into the inland
and coastal marshes of this continent from the Ancient
Mediterranean source.

ACKNOWLEDGEMENTS

We thank Dr. S. Rivas-Martinez, Dr. J.-M. Géhu, and
Dr. F. Alcaraz for the information support of our work,
Dr. H. Freitag for valuable advice and comments. The
financial support from the Russian Foundation for Fun-
damental Research (grant 01-04-48008) is also appre-
ciated. We also thank S. M. Hennekens for the assignment
of the program package and I. V. Volgina for her assistance
in translating the article into English.

LITERATURE CITED

Atri M., Asri Y, Ghorbanli M. 1995. Etude préliminaire de la
végétation halophile du littoral ouest du lac Oroumieh, Iran
// Documents phytosociologiques. N. S. Camerino. Vol. 15.
P. 205—208.

Babalonas D., Sykora K. V., Papastergiadou E. S. 1995. Review
of plant communities from Greek dunes and salt-marshes,
a preliminary summarizing list / Annali di botanica. Vol. 53.
P. 107—117.

Bakhiev A. 1979. Rastitel’nye indikatory zasoleniya pochv i
gruntov v del’te Amudar’i. (Plant indicators of soil and
ground salinity in the Amu Darya River delta.) Tashkent.
130 p.

Bakhiev A., Golub V. B. 1995. Tipifikatsiya sintaksonov floristi-
cheskoy klassifikatsii rastitel’nosti reki Amudar’i. (Typi-
fication of syntaxa of floristic classification of the Amu Darya
River vegetation.) / Vestnik Karakalpakskogo Otdeleniya
Akademii nauk Respubliki Uzbekhistan. Vol. 2. P. 93—95.

Bakhiev A., Kuzmina E. G., Kuzmina E. V., Uzhametskaya
E. V. 1994. Floristicheskaya klassifikatsiya rastitel’nosti
nizov’ev reki Amudar’i. (The floristic classification of the
vegetation of the lower reaches of the Amu Darya River ) —
Manuscript stored at VINITI 28.11.94., N 2737-V94. 61 p.

Berdiev B. 1986. Rastitel'nost’” Yugo-Zapadnogo Turkmenistana
(klassifikatsiya, dinamika i geografiya). Dissertatsia na
soiskanie uchenoy stepeni doktora biologicheskikh nauk.
[Vegetation of South-Western Turkmenian (classification,
dynamics, and geography.): The Thesis.] Ashkhabad. 557 p.

Berdiev B., Golub V. B. 1992. Soobshchestva por. Halosta-
chyetalia 1939 Topa (cl. Salicornietea fruticosae) v Yugo-
Zapadnoy Turkmenii. (Communities of the ord. Halo-
stachyetalia 1939 Topa (the cl. Salicornietea firuticosae)
in South-Western Turkmenistan.) — Manuscript stored at
VINITI 10.09.1992. N2756-B92. 40 p.

Bolos O. de. 1967. Comunidades vegetales de las comarcas
proximas al litoral situadas entre los rios Llobregat y Segura
// Nemor. Real Acad. Cienc. y Artes de Barcelona. Barce-
lona. Vol. 38. N 1. P. 3—280.

Bolos y Vayreda A. de. 1950. Vegetacidén de las comarcas
Barcelonesas. Instituto Espanol de Estudios Mediterréneos.
Barcelona. 581 p.

Braun-Blanquet J. 1931. Apergu de groupements végétaux du
Bas-Languedoc // Stat. Inter. Geobot. Medit. Alp. Mont-
pellier. Comm. 9. P. 35—40.

Braun-Blanquet J. 1933. Prodrome des groupements végétaux.
Prodromus der Pflanzengesellschaften. Ammophiletalia et
Salicornietalia médit. Montpellier. 23 p.

Braun-Blanquet J., Bolos O. de. 1957. Les groupementes végé-
taux du bassin moyen de L’Ebre et leur dynamisme // Anales
Est. Exp. Aula Dei. Zaragoza. Vol. 5. N 1—4. P. 1-—266.

Braun-Blanquet J., Roussine M. N., Négre R. 1952. Les groupe-
ments végétaux de la France Méditerranéenne. CNRS.
Vaison-La-Romaine. 297 p. )

Braun-Blanquet J., Tiixen R. 1943. Ubersicht der hdheren
Vegetationseinheiten Mitteleuropas (Unter Ausschluf3 der
Hochgebirge). Station Int. de Géobotanique Méditerra-
néenne et Alpine de Montpellier. Montpellier. Comm. 84.
P. 1—11 p.

Bridgewater P. B. 1982. Phytosociology of coastal salt-marshes
in the mediterranean climatic region of Australia // Phyto-
coenologia. Vol. 10. N. 3. P. 257—296.

95



V. B. Golub, I. A. Rukhlenko, D. D. Sokoloff

Bridgewater P. B., Cresswell I. D. 1993. Phytosociology and
phytogeography of coastal salt-marshes in Western Australia
// Fragm. Flor. Geobot. Suppl. Vol. 2. N 2. P. 609—629.

Castroviejo S., Cirujano S. 1980. Sarcocornietea en La Mancha
(Espana) // Anales Jard. Bot. Madrid. Vol. 37.N 1. P. 143—
154.

Cherepanov S. K. 1995. Vascular plants of Russia and adjacent
states (the former USSR). Cambridge. 516 p.

Coldea Gh. 2000. Konspect der Salzvegetation Ruméniens
(Klasse Puccinellio-Salicornietea Topa 1939) // Natur-
wissenschafliche Forschungen iiber Siebenbiirgen IV. Boh-
lau Verlag. K6ln-Weimar-Wien. P. 205—209.

Costa M., Boira H. 1981. La vegetacion costera Valenciana:
los saladares // Anales Jard. Bot. Madrid. Vol. 38. N 1.
P. 233—244.

Curco A. 1996. La vegetacié del delta de I’Ebre (II): les
comunitats halofiles i halo-nitrofiles (classes Puccinellio-
Salicornietea 1 Cakiletea maritimae) // Fol. Bot. Misc.
Barcelona. Vol. 10. P. 113—139.

Flora Europaea.1964—1993. (Ed.2). Cambridge. 1—5, 1.

Géhu J.-M. 1976. Approche phytosociologique synthétique de
la végétation des vases salées du littoral atlantique frangais
// Colloq. phytosoc. La vegétation des vases salées. (Lille,
1975.) Vaduz. Vol. 4. P. 395—462.

Géhu J.-M. 1994. Schéma synsystématique et typologie des
milieux littoraux francais Atlantiques et Méditerranéens //
Collog. phytosoc. La Syntaxonomie et la Synsystématique
Européennes, comme Base Typologique de Habitatas.
(Bailleul, 1993.) Bailleul-Stuttgart. Vol. 22. P. 183—212.

Géhu J.-M., Costa M., Biondi E. et al. 1984. Données sur la
végétation maritime des cotes méridionales de 1’ile de
Chypre (plages, dunes, lacs salés et falaises.) // Documents
phytosociologiques. N. S. Camerino. Vol. 8. P. 343—364.

Géhu J.-M., Géhu-Frank J. 1984. Schéma synsystématique et
synchorologique des végétations phanérogamiques halo-
philes francgaises // Ibid. P. 51—70.

Géhu J.-M., Géhu-Frank J. 1991. Données synsystématiques
et synchorologiques sur la végétation du littoral Tunisien
de Bizerte a Gabes // Documents phytosociologiques.
N. S. Camerino. Vol. 13. P. 297—315.

Golub V. B. 1994. Class Asteretea tripolium on the territory of
the former USSR and Mongolia // Folia Geobot. Phytotax.
Vol. 29. P. 15—54.

Golub V. B. 1995. Halophytic, desert and semi-desert plant
communities on the territory of the former USSR. Institute
of Ecology of the Volga River Basin of RAS. Togliatti. 32 p.

Golub V. B., Corbadze N. B. 1989. The communities of the order
Halostachyetalia Topa 1959 in area of Western Substeppe
Ilmens of the Volga Delta // Folia Geobot. Phytotax. Vol. 24.
N 2. P. 113—130.

Grebenyuk S. 1. 1988. Zavisimost’ raspredeleniya rastitel’nosti
ot stepeni zasoleniya pochv. (Dependence of vegetation
distribution on the degree of soil salinity.) // Voprosy botaniki
yugo-vostoka. Saratov. P. 121—126.

Grebenyuk S. 1., Kashchenko E. M. 1988. Svyaz’ rastitel’nosti
poberezh’ya oz. Botkul’ s usloviyami zasoleniya. (Connec-
tion of the coast of the Botkul’ Lake vegetation with the
salinity conditions.) // Voprosy ekologii i okhrany prirody
v Nizhnem Povolzh’e. Struktura i organizatsiya populyatsiy
i ekosistem. Saratov. P. 17—24.

Gubanov I. A. 1996. Konspekt flory vneshney Mongolii (Sosu-
distye rasteniya). [Conspectus of the flora of Outer Mongolia
(Vascular plants).] Moscow. 136 p.

Jalas J., Suominen J. (eds). 1980. Atlas Florae Europaeae.
Vol. 5. Chenopodiaceae to Basellaceae. Helsinki. 119 p.

Hennekens S. M. 1996a. TURBO(VEGQG). Software package for
input, processing, and presentation of phytosociological
data. User’s guide. Version July 1996. IBN-DLO, Wagenin-
gen & Lancaster University. Lancaster. 52 p.

Hennekens S. M. 1996b. MEGATAB — a visual editor for
phytosociological tables. Version 1.0. October 1996. Giesen
& Geurts. Uift. 11 p.

Hilbig W. 1987. Pflanzengesellschaften der Mongolischen
Volksrepublik. Dissertation zur Erlangung des akademi-
schen Grades Dr. sc. nat. (Prom. B). Tabelleband. Halle;
Wittenber. 250 p.

96

Hill M. 0. 1979. TWINSPAN — a FORTRAN program for
arranging multivariate data in an ordered two way table by
classification of the individuals and the attributes. Ithaca.
48 p.

Kashapov R. Sh., Mirkin B. M., Alimbekova L. M., Onishchen-
ko L. I. 1988. K sintaksonomii stepey i pustyn” MNR. III.
Pustyni Severnoy Gobi. (To syntaxonomy of the steppes
and deserts of MNR. III. The deserts of Northern Gobi.) —
Manuscript stored at VINITIL. N138-V88. 33 p.

Korzhenevskiy V. V., Klyukin A. A. 1990. Rastitel’nost’ abra-
zionnykh i akkumulyativnykh form rel’efa morskikh pobe-
rezhiy i1 ozer Kryma. (The vegetation of abrasion and
accumulative forms of the relief of sea coasts and lakes of
the Crimea.) — Manuscript stored at VINITI. N3822-V90.
108 p.

Ladero M., Navarro F, Valle C. J. et al. 1984. Vegetacion de
los saladares Castellano-Leoneses // Studia Botanica. Vol. 3.
P. 17—62.

Lavrenko E. M. 1962. Osnovnye cherty botanicheskoy geografii
pustyn’ Evrazii i Severnoy Afriki. (Main features of bota-
nical geography of deserts of Eurasia and Northern Africa.)
Komarovskie chteniya, 15. Moskow; Leningrad. 167 p.

Mattick F. 1964. Ubersicht tiber die Florenreiche und Floren-
gebiete der Erde // Engler’s A. Syllabus der pflanzenfa-
milien. Bd. 2. 13. Aufl. Berlin-Nikolassee. S. 626—630.

Mirkin B. M., Alimbekova L. M., Kashapov R. Sh., Onishchenko
L. 1. 1988. K sintaksonomii stepey i pustyn’ Mongol’skoy
narodnoy respubliki. (To syntaxonomy of steppes and
deserts of Mongolian National Republic.) // Biologicheskie
nauki. Vol. 7. P. 76—84.

Mirkin B. M., Naumova L. G., Solomeshch A. I. 2000. Sov-
remennaya nauka o rastitel’nosti. (Modern state of vege-
tation science.) Moscow. 264 p.

Mogquin-Tandon A. 1849. Salsolaceae // De Candolle A. Prod-
romus systematis naturalis regni vegetabilis. Parisiis.
Vol. 13. Sec. 2. P. 43—219.

Mucina L. 1997. Conspectus of classes of European vegetation
// Special features in vegetation science. European Vegeta-
tion Survey: Case Studies. Ed. by L. Mucina, S. Pignatti,
J. S. Rodwell, et al. Uppsala. Vol. 14. P. 11—66.

Oberdorfer E. 1952. Beitrag zur Kenntnis der norddigdischen
Kustenvegetation // Vegetatio acta geobotanica. Vol. 3.
P. 329—349.

Peinado M., Alcaraz F., Martinez-Parras J. M. 1992. Vegetation
of Southeastern Spain. Berlin; Stutgart. 487 p.

Peinado M., Cruz M. de la, Vazquez R. 1984. Schema syntaxo-
nomique sur les communautes végétales de la province de
Ciudad Real (Espagne) / Documents phytosociologiques.
N. S. Camerino. Vol. 8. P. 173—183.

Peinado M., Delgadillo J., Cruz M. de la et al. 1994. The coastal
salt marshes of California and Baja California: phytosocio-
logical typology and zonation // Vegetatio. Vol. 110. P. 55—
66

Peinado M., Henares A. de, Alcaraz F., Delgadillo J. 1995.
Syntaxonomy of some halophilous communities of North
and Central America // Phytocoenologia. Vol. 25. N 1.
P.23—31.

Pignatti S. 1953. Introduzione allo studio fitosociologico della
pianura veneta orientale // Atti Ist. Bot. Lab. Critt. Ital. Univ.
Pavia. Forli. Vol. 11. P. 92—258.

Pignatti S. 1990. Towards a prodrome of plant communities //
J. Veg. Sci. Vol. 1. P. 425—426.

Popov M. G. 1929. Dikie plodovye derev’ya i kustarniki Sred-
ney Azii. (Wild fruit-trees and bushes of the Middle Asia.)
// Trudy po prikladnoy botanike, genetike i selektsii. Vol. 22.
N 3. P. 241—483.

Popov M. G. 1950. O primenenii botaniko-geograficheskogo
metoda v sistematike rasteniy. (Application of botanical-
geographical method in plant taxonomy.) // Problemy
botaniki. 1. Moskow; Lenigrad. P. 70—108.

Pratov U. 1987. Marevye (Chenopodiaceae Vent.) Sredney Azii
i Severnoy Ameriki (sistematika, filogeniya i botaniko-
geograficheskiy analiz). Dissertatsia na soiskanie uchenoy
stepeni doktora biologicheskikh nauk. [Chenopodiaceae
Vent. of the Middle Asia and Northern America (systema-



Survey of communities of the class Salicornietea fruticosae

tization, phylogeny and botanic-geographical analysis): The
Thesis.] 569 p.

Razumovsky S. M. 1999. Vvedenie v paleografiyu rastite]’nogo
pokrova. (Introduction to paleography of the plant cover.)
// 1zbrannye trudy. Moscow. P. 119—194.

Rigual A. 1968. Algunas asociaciones de la clase Salicornietea
firuticosae Br.-Bl. et Tx. 1943 en la provincia de Alicante //
Collectanea Botanica. Barcinone. Vol. 7. P. 975—991.

Rivas-Martinez S. 1984. Vegetatio Hispaniae. Notula VI //
Studia Botanica. Vol. 3. P. 7—16.

Rivas-Martinez S., Costa M., Castroviejo S., Valdes E. 1980.
La vegetacion de Donana (Huelva, Espana) // Lazaroa.
Madrid. Vol. 2. P. 5—190.

Rivas-Martinez S., Costa M. 1984. Sinopsis sintaxonomica de
la clase Arthrocnemetea Br.-Bl. & R. Tx. 1943 en la
Peninsula Iberica // Documents phytosociologiques. N. S.
Camerino. Vol. 8. P. 17—27.

Rivas-Martinez S., Lousa M., Diaz T. E et al. 1990. La vege-
tacion del sur de Portugal // Itenera geobotanica. Leon.
Vol. 3. P. 5—127.

Rodwell S. R., Mucina L., Pignatti S. et al. 1997. European
Vegetation Survey: the context of the case studies // Folia
Geobot. Phytotax. Vol. 32. P. 113—115.

Rukhlenko 1. A. 1997a. Assotsiatsii Artemisio-Aeluropodetum
repentis, Frankenio-Aeluropodetum repentis i soobschest-
vo Halocnemum strobilaceum v okrestnostyakh poselka
Gasan-Kuli (yugo-zapadnaya Turkmeniya). [Associations
Artemisio-Aeluropodetum repentis, Frankenio-Aeluropo-
detum repentis and Halocnemum strobilaceum in neigh-
bourhood of the Hasan-Kuli settlement (South-Western
Turkmenistan).] — Manuscript stored at VINITI. N238-
V97.9 p.

Rukhlenko 1. A. 1997b. Rastitel’nye soobshchestva nizoviy r.
Atrek (yugo-zapadnaya Turkmeniya). 7. Soobshchestva
klassa Salicornietea fruticosae — soyuzy Climacopterion
glaberrimae i Climacopterion longipistillatae. [Plant com-
munities of the lower reaches of the Atrek R. (South-Western
Turkmenistan). 7. Communities of the class Salicornietea

APPENDIX

fruticosae: alliances Climacopterion glaberrimae and
Climacopterion longipistillatae.] — Manuscript stored at
VINITI. N241-V97. 14 p.

Shelyag-Sosonko Yu. R., Golub V. B., Solomakha V. A. 1989.
Sintaksonomiya klasu Salicornietea fruticosae galofil’noy
roslinnosti Evropeys’koi chastini SSSR. (Syntaxonomy of
halophytic vegetation of the cl. Salicornietea fruticosae in
the European part of the USSR. ) // Ukrains’kiy Botanichniy
zhurnal. Vol. 3. P. 5—10.

Soo R. 1968. A Magyar flora és vegetacio rendszertani-noveé-
nyfoldrajzi kézikonyve. Budapest. Vol. 3. 558 p.

Stace C. 1997. New Flora of the British Isles. Ed. 2. Cambridge.
1130 p.

Tarasov A. O., Mamontov Yu. V., Grebenyuk S. 1. 1983. Suktses-
sionnye smeny rastitel’nosti sorovykh depressiy v peskakh
Severnogo Prikaspiya. (Successional changes of vegetation
of sor depressions in the sands of Northern Caspian Lowland
// Composition and dynamics of the plant cover. Slozhenie
i dinamika rastitel’'nogo pokrova. Kuybyshev. P. 13—20.

Takhtajan A. L. 1978. Floristicheskie oblasti Zemli. (Floristic
regions of the Earth). Leningrad. 247 p.

The Plant Names Project. 2000 // International Plant Names
Index. . [Electronic resource]. Accessed 31 January 2000.
Mode of access: http://www.ipni.org/.

Topa E. 1939. Vegetatia halofitelor din Nordul Romaniei //
Buletinul Facultatii de Stiinte din Cernauti. Cernauti.
Vol. 13. P. 1—280.

Tiixen R., Oberdorfer E. 1984. Die Pflanzelwelt Spaniens. II.
Eurosiberiche Phanerogamen-Gesellschaften Spaniens //
Veroff. Geobot. Inst. Rubel. Zurich. Bd. 32. S. 1—328.

Weber H. E., Moravec J., Theurillat J.-P. 2000. International
Code of phytosociological nomenclature. 3 ed // J. Veg. Sci.
Vol. 11. P. 739—772.

Williams J. T., Ford-Lloyd B. V. 1974. The systematics of
Chenopodiaceae // Taxon. Vol. 23. N 2/3. P. 353—354.
Ulbrich E. Chenopodiaceae. // A. Engler u. K. Prantl. Die
natiirlichen Pflanzenfamilien, Zweite Auflage. Leipzig.

1934. Vol. 16¢. S. 377—584.

Ass. Salsolo passerinae—Kalidietum foliati [Tab. 15 in the paper of Kashapov R. Sch. et al. (1988)]

Relevé number 2 3 4 5 6 7 8 9 | 10

Total projective cover, % 2 2 4 2 2 1 5 5 5 2 C
Number of species 3 3 3 4 4 3 4 4 4 3

Salsola passerina + + + + + ¥ ¥ ¥ ¥ ¥ | v
Kalidium foliatum o+ |+ |+ |+ |+ N N T Y
Reaumuria soongorica + |+ |+ |+ |+ |+ ]|+ ]+ ]|+ ]V
Kalidium gracile - - - + - - O e - I
Haloxylon ammodendron - - - -+ ] - - - - - |

N o te. 1—10 — South-Gobi Aimak, Bulgan-somone, plain 1 km north-east from the top 1117.8 m in the Khanain-Khira place
(15.08.1971). Relevés were made by B. M. Mirkin. Relevé N 8 is the nomenclatural type of the association.

PE3IOME

IIpoBeneHbl 0030p U PEBU3HUS BBICIIUX CHHTAKOHOB
kiacca Salicornietea fruticosae Br.-Bl. et Tx. ex de Bolos
y Vayreda 1950 B EBpasuu. B kauecTBe ncxoqHOTO MaTe-
puana 0pII0 paccMOTpeHo 260 HU3MHUX CHHTAKCOHOMH-
YeCKUX eIMHHUII (aCCOIManui U cy0accoIranuii), BeIIe-
JICHHBIX Ha TEPPUTOPHUU OT ATIAHTHUYECKOTO OKeaHa 10
nycteiHi [00u. YcraHoBIIEHHE 3TUX eIUHHL Oa3upoBa-
moch Ha 2349 reoboTaHNYEeCKUX ONMHUCaHUsIX. Beck mare-
puan cobupancs B 6a3e manHbIX «Turbovegy, a 3aTem
00pabaThIBaJICS C MIOMOIIIBIO MakeTa mporpamMm «Mega-
tab», ¢ BkitodyeHHOW B Hero mporpammoit TWINSPAN,
MpeJHa3HAYCHHOHN ISl HePapXUIECKUX MTOCTPOCHHH.

[Ipu peBU3NU CHHTaKCOHOB aBTOPbI CTPOTO CIIEA0BA-
11 «MeX1yHapOoTHOMY KOJIeKCY (hUTOCOLNOIOTHYeCKOM
HOMeHKIatypel»y (Weber et al., 2000). OgauM U3 pe3yib-
TaTOB 3TOH pabOTHI IBUJIOCH BBIABICHHE CHHOHUMOB, KO-
TOPBIE CO CCHUIKAMU Ha CTAaTbU M TOJIOKEHHSI ATOTO KO-
JieKca ObUIN OTBEPTHYTHI.

[lokazaHO, 4TO JMAarHOCTHYECKUMH TAKCOHAMHU KII.
Salicornietea fruticosae MOXXHO CIUTATH TPYIILY BHIOB
MHOTOJICTHUKOB TpuOBl Salicornieae Moq. (Arthrocne-
mum fruticosum, A. perenne, A. macrostachyum, Kalidium
caspicum, K. foliatum, K. gracile, Halocnemum strobila-
ceum, Halostachys belangeriana). Hu onuH 13 yKa3aHHBIX
BUJIOB HE PaclpoCTPaHEH Ha BCel TeppUTOpUH apeasa
KI1. Salicornietea fruticosae. Yka3aHHbIE BUJbI TOCTETIECH-
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HO 3aMeIIaloT APYT Apyra B MEpUANOHAIEHOM HalpaBe-
HuH. [Ipy 3TOM BX apeassl 0O4eHb CHIIBHO IEPEKPHIBAIOTCS.
B pesynbrate peBu3MH BBIIENEHO JBa TojKiIacca: Ar-
throcnemenea v Kalidienea. Crenens npo06ieHus Ha co-
03Bl U TIOJICOFO3BI COOOIIECTB IIEPBOTO IOIKIIACCA BBIMIE,
YeM BTOPOTO. JTO CBA3AaHO ¢ OONBIICH H3YICHHOCTHIO CO-
oOecTB noxakiacca Arthrocnemenea reo60TaHUKAMU.

Coobmiectsa ki. Salicornietea fruticosae (Hapsiny c
coobmectBamu k1. Thero-Salicornietea) — nanboinee ra-
nodurHeie puTOLIEHO3HI HA TeppuTopun EBpasuu. B koH-
KPETHBIX JIaHAIIA()TaX OHHU PACIIOaraloTcs Ha OCH rpaju-
€HTa 3aCOJICHHS NOYBBI B TOYKAaX, Jajee KOTOpPHIX (Ipu
JlaJIbHEMIIeM HapacTaHUM KOHUEHTpalUuu COJed B I0Y-
BEHHOM pPacTBOpE COOOIIECTBA) BHICIINE PACTCHHH YXKe
OTCYTCTBYIOT.

[Tpu conocrapieHny pa3MerieHus coooecTs Ki. Sali-
cornietea fruticosae ¢ pa3TUYHBIMHA BapuaHTaM# (IIOpO-
TEHETUYECKOTO paloHUpOBaHUS [OMapKTHKU OBLIO yC-
TaHOBJICHO, YTO CEBEpHAas I'PaHMIIA PACIPOCTPaHEHUs
co00I11eCTB ITOr0 Kiacca A0 ATJIaHTUYECKOI'0 OKeaHa Xo-
POIIIO COBIIAAAET C TaKOM ke rpaHuIieii obmactu JpeBHero
CpenuzeMbs, IpryueM ¢ 0oJiee MO3THUM BapHAaHTOM €€ BEI-
JIeNIeHN 1, KOT/ia B 9Ty 00J1acTh Obliia BKIFOYEHA TEPPUTOPHS

Mownromuu (ITonos, 1950). 1 Tonpko BIOIE €BpOTEH-
CKOTO IT00epekbsi ATIIAaHTHKHU coo0IIecTBa Kiacca pac-
MIPOCTPAHMIIMChH 3HAUUTEIHHO CEBEPHEE STOM I'PaHHMIIBI.

Mo2KHO mojiarath, 4To coo0InecTBa Ki1. Salicornietea
fruticosae naganu QopmupoBatbcs eme Ha Oeperax
npesHero Tetuca. VI oHM HE TONBKO MapKUPYIOT CEBEP-
HYIO TPaHMIly 3TOTO JIPEBHEro BOJOEMa, HO M JI0 CUX
0P COXPaHMIIM B CBOEH SKOJIOTUH YEPTHI IIPUMOPCKUX
COO00IIECTB, Jajke €CIIM OHU SBISIOTCS CyTy0O BHYTpH-
KOHTHHEHTAIbHBIMU. B mpuMopcKoii 30He OHU hopMH-
PYIOTCA IMOJ BJIMAHUEM COJICHBIX MOPCKHUX BOJ, KaK I10-
BEPXHOCTHBIX, TaK U TPYHTOBBIX. B xoHTHHEHTaNBLHBIX
00nacTsaX — MPUYPOUCHBI K PA3IMIHOTO POja AEIpec-
CHSIM M JIOJMHAM PEK, IJie HeNTyOOKO 3ajeraroT cole-
HBIE I'PYHTOBBIE BOABbL. [IpHyeM BO BIIaJKHBIE CE30HBI
rojia 3TH MECTOIOJIOXKEHHs, TaK K& KaKk U Ha Oepery
MOpsI, MOTYT 3aTaIUIUBATHCS C TOBEPXHOCTH.

Takum o0Opasom, menecoodpa3Ho cuutars Ki. Sali-
cornietea fruticosae He CPeIM3eMHOMOPCKUM U TEPMO-
aTIaHTHYECKHM, KaK 3TO HEPEAKO TpakTyeTcs (Harpu-
Mep, L. Mucina (1997)), a npeBHECpETN3EMHOMOPCKIIM.



