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The revision of the high-rank classification nnits of the ¢l. Salicornieten 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-
Puccinellieralia, 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. Salicernietea fruticosae scems fo coincide well with that of the

Ancient Mediterranean region of M. G. Popov.
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INTROPUCTION

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
Sfruticosae 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 Tuiisia 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(VEGQG) sofiware package (Hennekens, 1996a) and
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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 numbex
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 1o 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 tripolinm 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.
Sualicorniefea 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. Safi-
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 counstancy 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.

RESULTS
{SURVEY AND REVISION OF THE HIGHER SYNTAXA)

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

Salicornietea fruticosae Br-Bl. et Tx. 1943 (Art. §) : 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 Kashapovetal. 1988 (Art. 1) : 26

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

Dt: species of the tribe Salicornieae (Arthrocnemum
Jfruticosum, A. perenne, 4. 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-
halephytes, spread over the area of Eurasia and Northern
Africa.

Subclass Arthrocremenea 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-
Ffovum, L. binervosum, L. caesium, L. cossonianum,
L. cymuliferum s. 1., L. delicatuium s. 1., L. densiflorum,
L. densissimum, L. diffusum, L. echioides, L. ferulaceum,

Table 1
Diagnostic taxa of the subclasses of the cl. Salicornietea
Jruticosae :
JHarHocTHYECKHE TAKCOHBI IOAKNACCOR KL Salicornietea
Sfruticosae
Arthrocne- s g
Syntaxa names enea Kalidienea
Number of associations and sub- 132 5
associations included in the syntaxon
Dt of subcl. Arthrocnemenea
Parapholis C.E. Hubb. 26 -
Inula L. 33 -
Halimione portulacoides 65 -
Juncus L. 41 2
Puccinellia Parl. 31 17
Limoninm Mill, 61 26
D¢ of cl. Salicornietea fruticosae
Tribe Salicorniece Moq.

Dt of subel. Kalidienea

Perrosimonia Bunge 1 40
Salsola L. _ 2 57
Other taxa

Suaeda Forssk. ex Scop. 28 52
Aeluropus Trin, 17 34
Frankenia L. 10 29
Salicornia enropaea s.1. 16 26
Sphenopus divaricarus g 28

- Di of the class D I 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. L), Juncus (J. acutus,
J. anceps, J. bufonius, J. gevardii, J. hybridus, J. littoralis,
J. maritimus, J. pyvgmaeus, J. subtdatus), Inula (I crith-
moides, I mediterranea), Puccinellia (P. distans, P, fasci-
culata, P. festuciformis s. 1., P. maritima), Parapholis
(P, filiformis, F. 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 herni-
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
JHarnocTHuecKHE TaKCOHH NOPAAKOB K. Saficorniefea fruticosae
Salicornietea fruticosae
5yntaxa names Kalidienea Arthrocnemenea
Kalidietalia Kalidietalia | Halimionetalia| Salicornietalia
gracilis caspici verruciferae fruticosae
Number of associations and subassociations
included in the syataxon 4 3 22 132
Reaumuria songarica 50 - - -
Achnatherum splendens 50 - - -
Haloxylon ammodendron 50 - - -
Nitraria sibirica 50 - - -
Phragmites australis 75 5 9 9
Dt of subel. Kalidienea
Petrosimonia sibirica + P. glauca - 39 - -
P. oppositifolia - - 41
P. brachiata - - 14
Salsola L. (excluding section Climacoptera) 25 21 14 2
Section Climacoprera Botsch, of genus Salsola L. - 74 23 -
Dt of cl. Salicornietea fruticosae -
Kalidiwm caspicum - -

K. gracile _ -
K. foligtum 5 b 17
Halocnermum strobilaceum 59 |- 17
Halostachys belangeriana - . -
Dt of subcl. Arthrocnemenea -
Arthrocnemun fruticosum - _ - 69
A. macrostachyum s i 56
A. perenne 31
Halimione portulacoides - PSR, B : 65
Tnuda L. - - - 33
Parapholis C.E. Hubb. - - - 26
Juncus L. - - 5 41
Puccinellia Par). - 3 46 31
Limonium Mill. - 3 73 61
Salicornia europaea s.\. - 13 55 16
Artemisia santonicum - - 32 i
Halimione verrucifera - - 50 -
Other taxa

Psylliostachys spicata + P. suworowii - 28 - -
Sphenopus divaricatus - 46 - 8
Aeluropus Trin. - 36 35 i?
Frankenia L. - 18 50 10
Suaedsa Forssk. ex Scop. - 51 59 28

_|| Dt of the class

U Dt of the subclasses

D Dt of the orders
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Arthrocnemetalia fruticosi Br-Bl. 1931 corr. de Bolds
1967 (Art. 303 : 30

Sarcocornietalia fruticosi Br.-Bl. 1931 corr. Castro-
vigjo 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 ].-M. Géhu 1976 (Art. 5) :
397

Puccinellio maritimae—Halimionion portulacoidis
I-M. Géhu 1994 (Art. 53 194

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. Gehu 1976 (lectotypus — Rivas-
Martinez et Costa 1984).

D Arthrocnemum fruticosum, A. perenne.

These are communities of the Atlantic coast spread
from the Strait of Gibraitar 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. Salicernion fruticosae, forming transi-
tional phytocoenoses.

Alliance Salicornion fruticosae Br.-Bl. 1933 : 15

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

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

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

Dt: species of the genera Arthrocremum (4. 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. Arthrocnentenea and adjacent syntaxa
JuarHOCTHYECKHE TAKCOHE! CORO30B cyGKI. Arthrocnemenen W GIMKANRIINY CHHTAKCOHOB

Syntaxa not included in
Arthrocne-|. . . Limoni- the cl. Salicornietea
Syntaxa names mion %ﬁf;ﬁ:r; astrien Sfruticosae
perennis monopetali Limonictalia Suaedion
brevifoliae
Number of associations and
subassociations included in 14 i3 5 10 0
the syntaxon
Puccinellic maritima 57 - - - -
Aster tripolivm 50 8 - - 5
Bosirychia scorpioides 59 2 - - -
Dt of oxd. Salicornietalia fruticosae = dt of subcl. Arthrocnemenca
Arthrocnemunt perenne 27 - -
A, fruticosum (] 20 10
A. macrostachyum 62 20 20
Halimione poriulacoides 60 20 30
Juncus L, 43 30 35
Inula L. 35 40 35
Parapholis C.E. Hubb, 27 70 25
Limonium Mill, 59 100 100 90

Puccinellia festuciformis s.1. -
Limoniastrum monopetalum -

Other taxa

Senecio quriculata -

Artemisia caerulescens s.h. 7

Plantago L. 14

Lygeum spartum L. -
Sphenopus divaricatus -
Aeluropus littoralis ' -
Saisola vermiculara

Snaeda vera 7
" Dt of the "] Dt of the subelass

—— class = and the order

l 26 ' 20 10 20

- - ‘ 30 ‘: -

9 20 - T

i3 . i ss

2 20 .. . 30

9 20 14 30 .

17 - 10 : 30 .

- - . [ T

12 - - e
Dt of the :- ----- Non-characteristic species
alliances T “of the cl. Salicornietea fruticosae
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sonianum, L. cymuliferums. 1, L. delicatulums. 1, L. den-
siflorum, L. densissimum, L. echioides, L. ferulaceum,
L. giacominti, L. girardianum, L. gmelinii, L. graecum,
L. latebracteatum, L. narbonense, L. oleifolivm, L. ramo-
sissimum, L. vulgare s. L), Juncus (). acutus, J. anceps,
S bufonius, J. gerardi, J. hvbridus, J. littoralis, J. ma-
ritimus, J. pygmaeus, J. subulatus), Inula (1. crithmoides,
1. mediterranea), Parapholis (P, filiformis, P. incurva,
P, strigosa), Halimione portulacoides and Puccinellia
festuciformis s. 1.

Nt: Salicorniefum 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 distingurshed 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: Arthrocremum 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. Saficornion fruticosae.. On the Atlantic
coast they occur at higher levels than those of the all.
Arthrecremion 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. I. Scott subsp. alpini (Lag.)
Castroviejo (Rivas-Martinez et al., 1920Y] 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) : 5t

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. Sarcecornienion
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
comiitiies. They oocupy the highest and hence driest
locations on the coast, if compared to those of the previoug
suballiances, and are more rich in their floristic com-
position than the latter.

Suballiance Halocnemenion Géhu et Costa in Géhu
et al, 1984 : 362

Dt: Halocnemum strobilaceum (Dm).

Nt: Arthrocnento glauci—Halocnemetum strobilacei
Oberd. 1252 (holotypus).

Communities with the dommance of Halocnemum
strobifaceum 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-
fali Pignatti 1953 (lectotypus — Rivas-Martinez et Costa
1984).

These dre coastal conttenunitieg with die dotinance of
low bushes of Limoniastrum monopetalum. Their loca-
tions are more remote from the water level than those of
the all. Saficornion 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 Bolds 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; Curcéd, 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,
8. lanata, §. wransoxana, S. turcomanica, S. acutifolia,
S. arbuscula, 8. dendroides, S. foliosa, S. kali, §. nitraria,
S. orientalis, S. passerina, S. paulsenii, §. soda), Petro-
simonia (P. brachiata, P. glauca, P. oppositifolia, P. si-
birica, P riandra) and Halocnemum strobilaceum. The
absence of species of the genus Arthrocremum is also an
apparent diagnostic feature of the subclass.

Nt: Kalidietalia caspici ord. nov. hoc loco.

These are mainly inland comrmunities 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 Halimionertalia 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-
lvag-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 Low(and, obvious(y rciuding the Transcaucasus.

This order may be considered fransitional to the subcl.
Arthrocnemenea, which can be seen from the high cons-
tancy of species of the genera Puccinellia and Limonium.



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

The latter ones are typical of communities of the
subcl. Arthrocnemenea (sec Tab. 1).

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

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

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

Halimionio-Petrosimonion trigndrae 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 correspend to
those of the order.

Suballiance Artemisio santenici—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.

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 (o the ord. Kalidietalia caspici.

Climacoptere-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 acuminaia 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 (sece
above).

Order Kalidietalia caspici ord. nov.

Dt: Halostachys belangeriana, Kalidium cas-
picum and species of section Climacoptera Botsh.
of genus Salsola (S. aralensis, §. crassa, S. la-
nata, S. transoxana, 8. 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).

Tabie 4

Diagnostic taxa of the alliances and orders of subcl. Kalidienea
JluarnocTHUECKie TAKCOHBI COMO30B H Mopakos cyOwi. Kalidienea

| Artemisio .
Santonic-\y. o pior, Sﬁ::: Aeluro- | b otigion
Syntaxa names Paccinel- caspici | rion podion gracilis
lfion ffmi- lanatae littoralis
nn
Number of associations and
subassociations included in| 22 19 14 6 4
the syntaxon
Dt of ord. Halimionetalia verruciferae
Halimione verrucifera 50 - - - -
Salicornia enropaea s.l. 85 16 7 17 -
Limoniym Mill. 73 - - 17 -
Puccinellia Parl. 46 - - 17 -
Artemisia santonicum 32 - - - -
Petrosimonia oppositifolia 41 - - - -
Petrosimonia sibirica + - 16 7% 17 -
P. glauca
Sphenopus divaricatus - 11 100 33 -
Eremopyrunt triticeum - 16 36 -
E. orientale - 16 29 -
Malcolmia africana - 11 29 -
Tetradiclis tenella - 5 29 -
Psyiliostachys spicara + - - 79 - -
P, suworowip
Aeluropus litroralis 36 5 14 100 -
A. lagopodioides - 16 21 33 -
Polygoniun acetosum - 5 7 33 -
Karelinia caspicum - - - 33 -
Scirpus maritimus 5.1, - - - 33 -
Tamarix hispida - 5 - 33 -
Dt of ord. Kalidietalia caspict
Sect. Cfiﬁrzacoprera Botsch. 23 68 100 33 -
of genus Salsola L.
Dt of cl. Salicornietea
Jruticosae
Halostachys belangeriana 26 50 83 -
Kalidium caspicum 53 29 - -
Halocnemnum strobilaceum || 68:. 9. 67 -
Dt of ord. Kalidietalia '
gracilis
Kalidium pracile - - - 100
K. foliatum - - - 500
.
Phragmites australis 9 - - 75
Nitraria sibirica - - - - 50
Reaumuria songarica - - - - 50
Achnatherum splendens - - - - 50
Haloxylon ammodendron - - - - 50
Other taxa
Suaeda Forssk. ex Scop. 59 38 30 67 -
Frankenia hirsuta 50 11 21 33 -
Salsola L. {excluding sect. 14 42 - - 25

Climacoptera)

: Dt of the class D Dt of theorders |: Dt of the alliances




Survey of communities of the class Salicornietea fruticosae

Alliance Kalidion caspici all. nov.

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

Dt alliance = dt order.

Nt: Kalidietuns 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.

Hualocnemo-Haloxylion aphyili Berdiev et Golub in
Golub 1995: 5 (basionymum).

Dt: Haloxylon aphyllium.

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 [995:3

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

Climacopterion longipistilatae 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 Gelub 1995 (holotypus).

Dm: Halocremum 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 compaosition may occur in the
same region but in conditions of less motsture 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: deluropus listoralis, A. lagopodioides, Polvgonum
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 litforalis 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-
phivtes (close to the cl. Festuco-Puccinellietea Sod 1968)
and bushes (Nerio-Tamaricetea Br-Bl. et de Bolds 1957).

Qrder 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 (Act. 1, Art.
8}: 4,26

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

Dt alliance = dt order.

Nt: Salsolo passerinae—Kalidietum foliari Kashapov
etal. 1988 ass. nov, hoc loce (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.

DrscussioN

The diagnostic group of taxa of the cl. Salicornietea
JSruticosae 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 wribe Salicornieae
Moq. (Arthrocremum 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, Bolds,
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 Safi-
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
of the ord. Limonieftalia. 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. Limenietalia 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.
Festnco-Puccinellietea Sod 1968,

Comrmunities of the all. Swaedion brevifoliae Br.-Bl.
et de Bolds 1957 are also represented on the Pyrenean
Peninsula. They have been attributed to the ord. Salfi-
cornietalia fruticosae (Castroviejo, Cirujano, 1980;
Ladero et al., 1984; Rivas-Martinez, Costa, 1984) and

sometimes to the ovd. Limenietalia (including the latter

in the cl. Salfcornietea fruticosae, Rigual, 1968; Costa,
Boira, 1981; Peinado et al., 1984). However, despite the
fact the perennial succulent Swaeda 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 Arthroenemum) 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

A
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Subcl, Arthrocnemenea ord. Salicornictalia fruticosae: 1 — all. Artrocnemion perennis,

05 46 $7 0 8

The distribution syntaxa of class Salicornietea fruticosae.
PacnpocTpanenue coobmecte knacca Salicornietea fruticosae.

tali. Subcl. Kalidienea, ord. Halimionetalia verruciferae: 4 —

6 — all. Climacopterion lanatae, 7 — ali. Aeluropodion littoralis; ord. Kalidieralia gracilis: § — all. Kalidion

gracilis. 9 — the northerta boundary of Ancient Mediterranean according to M. G. Popov (1950).

HOHE

2 — all. Saficernion fraticosee, 3 — zll. Li

all. Artemisio santonici—Puccinellion fominii; ovd. Kalidietalia caspici: 5 — all. Kalidion caspici,
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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-suiphate 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 fru-~
ticosae were described also from the coasts of America
(Peinado et al., 1994, 1995), Itis 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. Safi-
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 cominunities even
when being particularly inland. In the coastal zones they
are formed under the influence of both ground and sutface
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. Salicorniefea fruticosae in Australia (Bridgewaler,
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. '
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Ass. Salsolo passerinae—Kalidietum foliafi [Tab. 15 in the paper of Kashapov R. Sch. et al. (1988)]

Relevé number 1 2 3 4 5 [ 7 8 g | 10

Total projective cover, % 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 + + + + + + + + + + v
Reaumuria soongoerica + + + + + + + + + + v
Kalidium gracile - - - + - + + + - I
Haloxylon ammodendron - - - - + - - - - - I

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

PE3IOME

[Iposenens! cO30p W peBHIHA BBICHIHX CHHTAKOHOB
Knacca Salicornietea fruticosae Br.-Bl. et Tx. ex de Bolos
y Vayreda 1950 B Eppaszin. B kauecTBe MCXONHOTo Mare-
prana OsUTO0 paccMoTpeHo 260 RUZUIMX CHATAKCOHOMH-
YeckHX enMHnU {(acconHanuil U cybaccounannii), srine-
JIEHHBIX HA TEPPHTOPHH OT ATNAHTHUECKOIe OKeaHa Jo
nycTelHA [o0H. YCTaHOBICHHE ITHX SAMHHL OazHpoBa-
nock Ha 2349 reoGoTaHnueckux onucannak. Becs mare-
pHan cobupanca B 6aze RanHbx «Turboveg», a 3aTeM
oOpadaTLIBascs ¢ NOMOINBIO NakeTa nporpaMM «Mega-
tab», ¢ BKITFOUEeHHOH B Hero nporpammoii TWINSPAN,
NpeRHa3HAYEHHOM NS HEPAPXHUECKHX MOCTPOSHHIl.

HpH peBH3HH CHHTAKCOHOR aBTOPH CTPOTO CNENOBa-
H «MeXIyRapOTHOMY KODeKcy $HHTOCOIHONOTHYeCKoH
HOMeHKTaTypet» (Weber et al., 2000). OxanM U3 petyis-
TaroB 3TOH paboTh! ABMIOCH BEIABNEHHE CHHOHHMOB, KO-
TOPEIE €O CCBUIKAMM Ha CTATHH K NONGKEHHA 3TON0 KO-
Aekca GBI OTBEPTHYTEL

Moka3aHo, YTO AHATHOCTHYECKHMH TAKCOHAMH KII,
Salicornietea fruticosae MOXKHO CYHTATh TPYIIIY BHIOB
MHOIOIETHHKOB TPHOH Salicornieae Moq. (Arthrocne-
mum fruticosum, A. perenne, A. macrostachyum, Kalidium
caspicum, K. foliatum, K. gracile, Halocnemum strobila-
ceum, Halostachys belangeriana). Hin 0OnHH B3 YKa3aHHBIX
BHJOE He PacmpOCTPaHEH Ha Beell TeppHTOpUM apeana
k1. Salicornietea fruticosae. YKkazaHHBIE BHAB IOCTENEH-
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HO 3aMeINaioT APYT IPYra B MEPHIHOHANLHOM HallpaBie-
HuH. IIpH 3T0M HX apeajibl 04eHb CHALHO NePeKPEIBAIOTCA.
B pesynbTate peBH3HH BBIASTIEHO ABA NOAKAACCA: As-
throcnemenea w Kalidienea. Crenenr apobnenus Ha co-
03Bl H IIOACOIO3BI COOBIIECTB HIEPBOTO HOAKNACCA BHIINE,
HeM BTOPOTO. JTO CBA3aH0 ¢ GoABNIEH H2YIeHHOCTRIO CO-
obects nopknacca Arthrocnemenea reoboTaRHKAMH,

CoobmectBa K. Salicornietea fruticosae (Hapany c
coobmecTBaMi Kn. Thero-Salicornietea) — nanGonee ra-
noduTEREe QHTOLEHO3E! HA TepprTopuH EBpazun. B xoH-
KPETHBIX NAHAA()TAX OHH PACITONATAITCS HA OCH TPAJIH-
€HTa 33COJICHHA MOYBHEl B TOYKAX, Jaliee KOTOPHX (IpH
DanbHEHUIEM HAPACTAHHH KOHICHTPAaUHH CONeii B mod-
BEHHOM pacTBoOpe coofecTEa) BRICLIHE pacTenuHil yie
OTCYTCTBYIOT.

[pH cOMOCTaBACHHH Pa3MENISHHS co00mecTs K, Sali-
cornietea fruticosae ¢ pa3IMYUHIME BApHAHTAMH Giope-
reHeTHUecKkoro palionnpopaHus TonaprTuxu Gwuto ye-
TAHOBJIEH, YT CeBepHai rPaHHULUA PACAPOCTPaHEHHs
co00ImecTs 2TON0 Knacca A0 ATNaHTHYECKOTO OKeaHa Xo-
pOIIo COBMARAET C TAKOH ke rpaHuned obmacty Jipepsuero
Cpeanzemps, npHdem ¢ Gonee Mo3THUM BAPHAHTOM €6 BHI-
DENeHs, KOTAa B 3Ty 00NacTh ObliIa BIJTIOUCHA TEPPUTOPHA

Morronnn (ITomos, 1950). H Tonsko BOOIE €BpOMNeH-
CEOTO NMO0ePeXbi ATIAHTHKH COOBIIESCTRA KIAcca pac-
TIPOCTPAHIANCH 3HAYHTENBHO CEBEPHEES YTOH TPAHHUILLI,

MOoXHO ONIArath, Yto coobmectsa K. Salicornietea
Jruticosae vadanu QopMupoBaThca eme Ha Geperax
Ipessero Terrca. M oHU He TONMEKO MAPKHPYIOT CEBEp-
HYIO FPaHHIY 9TOrQ APEeBHETO BOXOEMA, HO H IO CHX
TIOp COXPAHHAH B CBOSH YKONIOTHA YepPTh! IPHUMOPCKHX
coofmWecTs, 1axke eclM OHH ABAKIOTCA CYFY0O BHYTPH-
KOHTHHEHTANBHEIME. B npumopckoil 3oHe oHn dopMu-
PYIOTCA TIOA BAHAHHEM CONEeHBIX MOPCKHX BOJ, KaK I0-
BEPXHOCTHBIX, TAK H IPYHTOBHIX. B KOHTHHEHTANBHEIX
00AACTAX — NPUYPOUSHE! K PARTHYHOLO POAA ACTIpec-
CHAM H AOAHHAM PEK, TAe HeTNyOOKO 3aJIETaoT Colie-
HbIE TPYHTOBHE BOABL, [IpHUEM BO BIAXKHLIC CE30HB]
Tofia 3TH MECTONONOKEHHA, TaK ke Kak M Ha Oepery
MOpA, MOTYT 3aTAM/IMBATECA C HOBEPXHOCTH.

TaknM o6paszom, nenecoobpasHo cunTaTe KI. Sali-
corniefea fruticosne He CpeAH3EMHOMOPCKHM H TEPMO-
ATIAHTHYECKHM, KaK 3TO Hepelko TPaKTyeTcs (HampH-
mep, L. Mucina (1997)), a apepHecpeIH3eMHOMOPCKHM,



