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Vegetation with the presence of Beckmannia eruciformis (L.) HosT (Poaceae-
Poeae) was studied using both published and authors’ field data for the territory of the
Pannonian Basin (Slovakia, Hungary and Romania). The analysis of the total of 95
phytosociological relevés enabled distinguishing seven different B. eruciformis vege-
tation types, belonging to four vegetation classes: the Isoéto-Nanojuncetea (Cluster 1),
Phragmito-Magnocaricetea (Clusters 2-3), Molinio-Arrhenatheretea (Cluster 4) and
Festuco-Puccinellietea (Clusters 5-7). The results indicate that the ecological opti-
mum of B. eruciformis has been found for slightly saline and periodically flooded soils
in stands of the class Festuco-Puccinellietea, alliance Beckmannion eruciformis Soo
1933 (Cluster 5), where the species exhibited the highest values of the coverage (cover
value 3). Based on the Borhidi indicator values, it was found that moisture was the
most significant ecological factor influencing the variability of B. eruciformis vegeta-
tion (Spearman correlation coefficient with the first DCA axis was -0.811,
P < 0.001), followed by the nutrient content in the soil (-0.559, P < 0.001). In addition
to the relevance and review of use in the botanical literature of the syntaxa, the
Agrostio stoloniferae-Beckmannietum eruciformis Rapaics ex Soo 1930 was dis-
cussed. Short comments concerning Beckmannia eruciformis-dominated stands in
other parts of Eastern and Southeastern Europe are also provided.

Zusammenfassung

DiTE D., HRIVNAK R., MELECKOVA Z., ELIAS P. jun. & DAJIC-STEVANOVIC Z. 2012.
Beckmannia eruciformis vegetation in the Pannonian Basin (Central and South-
Eastern Europe). [Beckmannia eruciformis-Vegetation in der Pannonischen Tiefe-
bene (Zentral- und Siidosteuropa)]. — Phyton (Horn, Austria) 52(2): 177-194, mit
3 Abbildungen.

Vegetationsaufnahmen aus der Literatur sowie eigene Aufnahmen mit Vorkom-
men von Beckmannia eruciformis (L.) HosT (Poaceae-Poeae) aus der pannonischen
Tiefebene (Slowakei, Ungarn und Ruménien) wurden zusammen mit Literaturdaten
analysiert. Die Analyse von 95 Vegetationsaufnahmen ermoglichte die Un-
terscheidung von sieben unterschiedlichen Vegetationstypen (Clustern) mit B. eruci-
formis, die den vier Vegetationsklassen Isoéto-Nanojuncetea (Cluster 1), Phragmito-
Magnocaricetea (Cluster 2-3), Molinio-Arrhenatheretea (Cluster 4) und Festuco-
Puccinellietea (Cluster 5-7) zugeordnet werden. Die Ergebnisse deuten auf ein 6ko-
logisches Optimum fur B. eruciformis auf periodisch tberfluteten, leicht salinen
Standorten der Klasse Festuco-Puccinellietea, Verband Beckmannion eruciformis
So00 1933 (Cluster 5) hin, wo die Art die h6chsten Deckungsrade erreicht (>3). Aus
den Borhidi-Zeigerwerten ist ersichtlich, dal Feuchtigkeit den ausschlaggebenden
okologischen Faktor fiir die Variabilitidt der B. eruciformis-Bestédnde darstellt (die
Spearman-Korrelationskoeffizienten mit der ersten DCA-Achse betragen -0.811,
P > 0.001), gefolgt vom Nihrstoffgehalt im Boden (-0.559, P > 0.001). Ferner wurde
der Gebrauch und der Inhalt des Syntaxonnamens Agrostio stoloniferae-Beck-
mannietum eruciformis Rapaics ex So6 1930 in der botanischen Literatur bewertet.
Bemerkungen zu weiteren (stid)osteuropiischen B. eruciformis-dominierten Stand-
orten runden den Beitrag ab.

1. Introduction

Beckmannia eruciformis (L.) HoST (Poaceae-Poeae) is a diploid hemi-
cryptophyte forming sparse tussocks with creeping extravaginal shoots.
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The species is anemophilous; the fruits (caryopsides) are spread by en-
dozoochory (HoLuB 1999). Its distribution range extends across a large part
of Eurasia. In Southeastern Europe, it ranges from Italy in the west,
through the former countries of Yugoslavia, to Albania, Greece, Romania
and Bulgaria in the east. In Central Europe, it is found in the Czech Re-
public, Slovakia and Hungary, from where it continues eastwards to Uk-
raine and Moldova, the European part of Russia and northwards as far as
Lithuania. In Asia it occurs in Turkey, Armenia, Georgia, Kazakhstan and
the Caucasus, as well as in western and eastern Siberia of the Russian
Federation (TzveLEV 1983, HoLUB 1999).

In Central Europe, the occurrence of Beckmannia eruciformis is pri-
marily associated with wetlands, saline marshy meadows and pastures, and
with the banks of stagnant water bodies. It also grows in ditches along road-
sides. It requires moist or wet, muddy, clayey, alkaline and moderately saline
soils, which are damp or flooded at the beginning of the vegetation season
and dry out during the summer (TuTiN 1980, HoLuB 1999, PoPEscU 2005).

In general, the occurrence of this species is associated with several
vegetation types, including wetlands of the class Phragmito-Magnocar-
icetea, and moderately wet meadows with different, even extreme, levels of
salinisation of the class Festuco-Puccinellietea (FEKETE & al. 1997, MOLNAR
& BorHIDI 2003). There are specific ecological conditions found in the
Pannonian Basin (mainly in the area of Hungary), where B. eruciformis is
considered to be a diagnostic species of the alliance Beckmannion eruci-
formis So6 1933 of the class Festuco-Puccinellietea (cf. MOLNAR & BORHIDI
2003). The alliance was particularly described for Hungary by So6 1933,
and this part of the Pannonian Basin is its primary habitat (cf. HoLus
1999). The alliance Beckmannion eruciformis includes grasslands which
are flooded in spring and later fall dry, with slightly saline alkaline solo-
netz soils. The floristic composition of the stands developing on less sali-
nised soils is comparable to the vegetation of flooded wet meadows of the
alliance Cnidion venosi (class Molinio-Arrhenatheretea). In contrast, ve-
getation growing on soils containing a higher salt concentration is similar
to the communities of the alliance Puccinellion limosae (class Festuco-
Puccinellietea, cf. BorHIDI 2003). Coenological and ecological relations of
B. eruciformis from the Pannonian Basin were well reported (RAapaics 1916,
S006 1930, 1933, BODROGKOZY 1965a, 1965b). Nevertheless, these studies are
mostly only of a local or regional significance which is related to their
generally limited geographical area (e.g. So0 1933, SravNI¢ 1948, 1953,
BoproGKOZY 1965a, VICHEREK 1973, KNEZEVIC 1980). Thus, the ecological
features of the study species have been described up to date only due to
locally-based knowledge. Comparison among available phytosociological
studies related to B. eruciformis has shown that coenological and ecologi-
cal variability of B. erucifomis is relatively high. Due to this fact, it could
be recommended that the study area should be extended beyond the Pan-
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nonian Basin to use the obtained information on the species distribution
and ecological requirements to draw conclusions for a larger scale context.

The main objectives of this paper are:

a) To classify and subsequently characterise the vegetation where the
species Beckmannia eruciformis occurs,

b) To define the ecological niche and habitat characteristics of the
species within the Pannonian Basin based on the existing vegetation and
ecological data.

In general, this study aimed at completing and summarising the in-
formation as regards coenological and ecological affinity of B. eruciformis
in the studied area.

2. Material and Methods

Analyses of the coenological and ecological affinity of Beckmannia eruciformis
were performed based on results of traditional phytosociological research. The total of
19 phytosociological relevés was sampled during the vegetation seasons in 2009 and
2010, using the Braun-Blanquet approach. In addition to these hitherto unpublished
relevés, already published data from the Slovak (HEGEDUSOVA 2007) and Hungarian
(LAJER & al. 2007) national phytosociological databases were acquired. All phytoso-
ciological records obtained from Hungary (71%), Slovakia (17%) and Romania (12%)
(in total, 95 relevés) were stored in the TURBOVEG database (HENNEKENS & SCHAMINEE
2001) and after export to the JUICE program (TicuHY 2002) used for further analysis
(see legend of Tab. 1, Fig. 1). Some narrowly defined species or subspecies were com-
bined: Glyceria fluitans agg. (G. fluitans, G. notata), Plantago major (P. major subsp.
major, P major subsp. intermedia), Puccinellia distans agg. (P. distans, P. limosa), Tri-
folium fragiferum subsp. bonannii (T. fragiferum, T. fragiferum subsp. bonannii).

The data were processed using TWINSPAN analysis (HiLL 1979), modified ac-
cording to ROLECEK & al. 2009 with two pseudo-species cut levels (0% and 5%), the
Serensen dissimilarity was applied as a measure of cluster heterogeneity. Congruence
of the classification procedure available in the JUICE program was used to determine
the optimal number of clusters (BoTTa-DUKAT & al. 2005). Detrended correspondence
analysis (DCA) was applied to explain the major environmental gradients in the
species composition using the CANOCO 4.5 package (TER BRAAK & SMILAUER 2002).
The percentage cover degrees of the species were logarithmically transformed and
the rare species were downweighted. The unweighted Borhidi indicator values (BIV)
were used as indicators of environmental factors (BorHIDI 1993) and applied for each
species and each relevé to be plotted onto the DCA ordination diagram as supple-
mentary variables. These values were correlated with the position of the relevés on
the first two ordination axes using the STATISTICA software (StatSoft 2001).

The nomenclature of taxa follows the checklist of non-vascular and vascular
plants of Slovakia (MARHOLD & HINDAK 1998), and the names of syntaxa follow BORHIDI
2003. The vascular plant species considered as halophytes follow the list of KrisT 1940.

3. Results

Based on the analysis of 95 phytosociological relevés with the occur-
rence of Beckmannia eruciformis in the Pannonian Basin, 7 clusters have
been identified representing different vegetation types (Fig. 1, Tab. 1).
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Fig. 1. Distribution of the analysed Beckmannia eruciformis relevés from the Pan-
nonian Basin. The alliance Beckmannion eruciformis (Cluster 5) is marked by [,
other syntaxa are marked by e.

The first four clusters include vegetation dominated by helophytes
typical for wetlands with shallow, occasionally flooded sites and exposed
bottoms (Tab. 1, Fig. 3). Flooding mainly in the first half of the vegetation
season is characteristic for these communities. This is documented by the
highest average indicator value for the moisture (Fig. 2). Flooding can last
even longer, which was shown for vegetation grouped within cluster 2 in
locations where water often stagnates during the entire vegetation season.
This is signalled by the presence of many hygrophilous species and ob-
ligate hydrophytes (Tab. 1). At the same time, regarding the absence of
halophytes and minimal presence of the sub-halophytes, this group re-
presents the vegetation of the least saline soils. This fact is confirmed by
the position of these relevés on the opposite side upon applied BIV for the
soil reaction gradient on the DCA diagram (Fig. 2). These relevés were
considered to belong to the classes Isoéto-Nanojuncetea, Phragmito-Mag-
nocaricetea and Molinio-Arrhenatheretea, known to develop at very wet
and moderately wet non-saline sites. The next three clusters (clusters 5-7)
comprise the vegetation growing on rarely or never flooded areas with a
higher rate of salinity compared to the previous group (Fig. 2). Hygro-
philous species are present in a much lower degree as compared to the ve-
getation of the first four clusters. In contrast, the presence of some obligate
halophytes increases (e. g. Pholiurus pannonicus, Plantago tenuiflora,
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Fig. 2. Detrended correspondence analysis (DCA) ordination diagram of relevés (ei-
genvalues of the first two axes are 0.380 and 0.231; total inertia 4.419). The average
Borhidi indicator values and the number of all species were plotted onto a DCA dia-
gram as supplementary variables. The cumulative percentage variances of the spe-
cies-environment relation for the first two axes are 26.1 and 30.2%. Spearman cor-
relation coefficients with the first DCA axis (***P < 0.001, **P< 0.01, *P < 0.05): No.
of all species (-0.181ns), Light (0.338***), Temperature (0.361***), Continentality
(0.408***), Moisture (-0.811***) Soil reaction (0.405***), Nutrients (-0.559%*%**).
Empty circles — Cluster 1, shaded squares — Cluster 2, black diamonds — Cluster 3,
shaded boxes — Cluster 4, down-triangles — Cluster 5, crosses — Cluster 6, shaded stars
— Cluster 7.

Puccinellia distans agg.; Tab. 1, Fig. 3). This vegetation is included in the
class Festuco-Puccinellietea.

Within the first group of relevés of cluster 1, the characteristic species
occurring on flooded (and later exposed soils) should be stressed: Elatine
spec. div., Eleocharis acicularis, Lindernia procumbens and Schoeno-
plectus supinus. The typical species of periodically flooded habitats could
be also found (e. g. Alisma plantago-aquatica, Eleocharis palustris). This
cluster belongs to the class Isoéto-Nanojuncetea, alliance Eleocharition
ovatae. The cover values of B. eruciformis in this group of relevés are
usually low, not higher than 5%. The stands are relatively rich in species
and show the highest indicator values for moisture and nutrients (Fig. 2).
This vegetation type was recorded only in Hungary (Tab. 1).

In clusters 2 and 3, the occurrence of several typical wetland species
was recorded, indicating regular flooding and stagnation of the water level
during certain periods of the year. Species, such as Alisma lanceolatum,
A. plantago-aquatica, Eleocharis palustris and Glyceria fluitans agg. were
highly abundant, which is a result of periodic flooding and subsequent
drying up of the ground. The vegetation of these clusters can be classified
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Fig. 3. Detrended correspondence analysis (DCA) ordination diagram of species with
Borhidi indicator values and Number of all species plotted onto a DCA diagram as
supplementary variables.

Only species with weight of analysis more than 5% are presented: Agrosto — Agrostis
stolonifera, Alislan — Alisma lanceolatum, Alopgen — Alopecurus geniculatus, Alop-
pra — A. pratensis, Beckeru — Beckmannia eruciformis, Bolbmar — Bolboschoenus
maritimus agg., Eleopal — Eleocharis palustris, Eleouni — E. uniglumis, Glycflu —
Glyceria fluitans agg., Inulbri — Inula britannica, Junccom — Juncus compressus, Lo-
tuten — Lotus tenuis, Lysinum — Lysimachia nummularia, Lythvir — Lythrum virga-
tum, Mentpul — Pulegium vulgare, Pholpan — Pholiurus pannonicus, Polyavi — Poly-
gonum aviculare agg., Poterep — Potentilla reptans, Ranulat — Ranunculus lateri-
florus, Ranurep — R. repens, Roriker — Rorippa kerneri, Rumeste — Rumex steno-
phyllus, Triffra — Trifolium fragiferum, Trifrep — T. repens, Veroscu — Veronica scu-
tellata. Other information is presented in Fig. 2.

into the class Phragmito-Magnocaricetea, alliance Oenanthion aquaticae.
The vegetation grouped in cluster 2 is also typified by the occurrence of
hydrophytes (e. g. Salvinia natans, Hydrocharis morsus-ranae), marshy
(e. g. Glyceria maxima) and ruderal species (e. g. Cirsium arvense). Several
species capable to grow on slightly salinised wet meadows were recorded
within cluster 3 (e. g. Lythrum virgatum, Ranunculus lateriflorus). The
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cover values of B. eruciformis vary significantly from 1% to 50%. All re-
levés of cluster 2 were sampled on the Potiskd Nizina Lowland, Slovakia
(Tab. 1). The vegetation presented in cluster 3 was primarily found in
Hungary (74% of relevés), and to a smaller extent in Slovakia (16%) and
Romania (10%; Tab. 1).

Many species of cluster 4 are grassland species and species known to
occur in trampled habitats (e. g. Leontodon autumnalis, Plantago major,
Potentilla anserina), as well as on moderately salinised soils, considered as
facultative halophytes, including Mentha pulegium, Lotus tenuis, Ra-
nunculus lateriflorus, Rumex stenophyllus and Trifolium fragiferum subsp.
bonannii. The relevés of this cluster belong to the Potentillion anserinae
(class Molinio-Arrhenatheretea). The cover values of B. eruciformis are
higher than those observed in previous clusters, and average between 25%
and 50%. This type of vegetation is present in all three countries, espe-
cially in Slovakia (72%; Tab. 1).

In the second group of relevés, cluster 5 comprises meadow-like vege-
tation. Almost all of the species which are considered by many authors as
diagnostic species of the alliance Beckmannion eruciformis (Tab. 1) are
highly abundant here (cf. SOO 1933, BoruIDI 2003). The relatively high
average cover values of B. eruciformis (between 25% and 50%) in the re-
levés are characteristic for the vegetation of this cluster. The relatively
high indicator values for soil reaction, temperature and light, and low in-
dicator values for moisture and nutrients are main characteristics for this
vegetation (Fig. 2). 90% of the relevés were sampled in Hungary, while the
rest originate from Romania (Tab. 1).

Cluster 6 partially groups facultative halophytes. Apart from common
halophytes of cluster 4, salt tolerant species like Festuca pseudovina and/
or Podospermum canum are highly abundant, coexisting with many other
typical species of meadows and pastures of drier habitats (Carex car-
yophyllea, Tithymalus cyparissias, Plantago lanceolata etc.). This vegeta-
tion could be placed into the order Festuco-Puccinellietea, alliance Festu-
cion pseudovinae. Within the analysed stands, several sub-halophytes (e. g.,
Mentha pulegium, Trifolium fragiferum subsp. bonannii) find their optimal
growing conditions within such type of vegetation. The vegetation is under
a moderate influence of surface water, which is indicated by the position of
those relevés along the humidity gradient in the ordination diagram
(Fig. 2). This cluster represents the relevés of the marginal distribution of
B. eruciformis within the study area, which is also indicated by the low
cover values of the species in these relevés. Relevés of this cluster are re-
corded from Romania only (Tab. 1).

In cluster 7, species-poor stands with high constancy of obligate ha-
lophytes restricted to periodically flooded habitats are typical (e. g., Plan-
tago tenuiflora and Pholiurus pannonicus). At the same time, species ty-
pical for wetlands are absent. The vegetation can be included in the class
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Festuco-Puccinellietea, alliance Puccinellion limosae. Stands of this vege-
tation type are restricted to soils with the highest salt content and are more
dependent on a continental climate (Fig. 2). The vegetation of this group
occurs in shallow field depressions which are flooded only for a short time
at the beginning of the growing season. The vast majority of relevés (92 %)
was sampled in Hungary, the rest in Romania (8%, Tab. 1). As in the pre-
vious cluster, the constancy of the characteristic species of the alliance
Beckmannion eruciformis (see Tab. 1) is lower, whereas the cover values of
B. eruciformis vary between 15% and 25%.

The results of the Detrended Correspondence Analysis (DCA) with
application of the Borhidi indicator values (BIV) as supplementary vari-
ables show that the main ecological factor determining the species com-
position of the studied vegetation is moisture (Fig. 2). Along the first axis
of the DCA ordination diagram, the relevés are located in the direction of
decreasing moisture levels, which is confirmed by the results of the
TWINSPAN classification (cf. Tab. 1). The stronger negatively correlating
factor with axis 1 is the indicator value for moisture, followed by the in-
dicator value for nutrients, and the most positive factor was the BIV for
continentality, closely followed by the indicator for soil reaction (Fig. 2).
This gradient corresponds with the position of the species in the ordination
space (Fig. 3). The wetland species (e. g., Alisma lanceolatum, Eleocharis
palustris, Glyceria fluitans agg.) are located in the left part of the ordina-
tion scale, and several (sub)halophytes or species of disturbed habitats
(e. g., Eleocharis uniglumis, Pholiurus pannonicus, Polygonum aviculare,
Trifolium repens) are presented on the right side of the diagram. The cen-
tral positions along the moisture gradient are occupied by mainly hygro-
philous species of meadows and periodically flooded non-forest vegetation
(e. g., Agrostis stolonifera, Alopecurus geniculatus, Ranunculus repens).

4. Discussion
4.1. Vegetation with Beckmannia eruciformis in the Pannonian Basin

Through the evaluation of the accessible phytosociological data from
the Pannonian Basin, a wide coenological and ecological affinity of Beck-
mannia eruciformis was confirmed. According to our results, the species
occurs in several habitat types, ranging from permanently flooded through
periodically dry to not flooded areas, and from not salinised to moderately
salinised habitats. The studied vegetation belongs to four classes and the
following list of the syntaxa:

Isoéto-Nanojuncetea, Eleocharition ovatae (cluster 1),

Phragmito-Magnocaricetea, Oenanthion aquaticae (clusters 2-3),

Molinio-Arrhenatheretea, Potentillion anserinae (cluster 4),

Festuco-Puccinellietea, Beckmannion eruciformis (cluster 5),

Festucion pseudovinae (cluster 6),

Puccinellion limosae (cluster 7).
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Table 1. - A shortened synoptic table of communities with the occurrence of Beck-
mannia eruciformis from the Pannonian Basin. The average coverage rate is pre-

sented in the upper index.

Cluster 1 2 3 4 5 6 7
No. of relevés 4 9 19 7 41 3 12
Average of species number per relevé 22 15 11 20 12 30 10
Relative proportion of relevés according to individual countries:

Hungary 100 0 74 14 90 0 92
Slovakia 0 100 16 72 0 0 0
Romania 0 0 10 14 10 100 8
Diagnostic species of groups

Elatine hungarica 100"

Marsilea quadrifolia 753

Oryza sativa 75

Schoenoplectus supinus 75!

Eleocharis acicularis 753

Lindernia procumbens 50" . . . .
Elatine alsinastrum 75t 11 16° 2 8"
Glyceria maxima 78!

Salvinia natans 67 .

Oenanthe aquatica 56" 5!

Cirsium arvense 56" 5"

Lycopus europaeus 44" 5!

Hydrocharis morsus-ranae 33!

Sparganium erectum 33!

Carex riparia 33! . .

Veronica scutellata 22+ 42! .12t

Lythrum salicaria 33" 217 14°

Leontodon autumnalis 861

Gnaphalium uliginosum 43"

Potentilla anserina . 43"

Bidens tripartitus 25 . 57 .
Plantago major 25* 11! 86* 10"  33*

Inula britannica 11* . 297 447 . .
Rorippa kerneri 37! 63 100 25*
Eleocharis uniglumis 5* 46! . 58
Lotus corniculatus 100"
Veronica arvensis 100*
Ornithogalum kochii 100*
Holosteum umbellatum 100*
Euphorbia cyparissias 100*
Plantago lanceolata 100!
Ranunculus acris . 100*
Cerastium fontanum agg. 14* 100!
Ranunculus pedatus 67"
Thymus chamaedrys agg. 67"

Poa angustifolia 67!
Carex praecox 67!
Veronica prostrata 67"
Carex caryophyllea 67!
Thlaspi perfoliatum . BT .
Festuca pseudovina . 10" 67" 8"
Pholiurus pannonicus 5* . 2! 100?
Plantago tenuiflora 14* 5* 58"
Puccinellia distans agg. 5" 33
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Cluster 1 2 3 4 5 6 7
No. of relevés 4 9 19 7 41 3 12
Aquatic and marsh species diagnostic for the first three groups
Lemna minor 750 33 11t . 2!
Alisma plantago-aquatica 75t 67" 5t 14*
Meadow species diagnostic for the last four groups
Mentha pulegium 50" . .86 44 100 42!
Lotus tenuis . . . 86Y 17t 33" 17
Trifolium fragiferum subsp. bonannii . . .71t 17t 100t .
Trifolium repens . 11* . 29* 15* 100* 17
Trifolium angulatum . . . Coo12t 33 T
Podospermum canum . . . . 12 33* 8"
Carex stenophylla . . . . 2% 33 257
Other species with frequency more than 10%
Beckmannia eruciformis 100 100" 100* 100®° 100° 100* 100"
Agrostis stolonifera .67 95* 100 88* 67" 75°
Alopecurus pratensis 25* 221 47! . 762 100° 33!
Eleocharis palustris 100 89* 84! . 24% 100° g!
Ranunculus lateriflorus . .47t T11* 46t . 33"
Glyceria fluitans agg. 75t 56 68* 71t 17!
Rumex stenophyllus 25 67 21 147 29! . .
Alopecurus geniculatus S 5 L A O L & A .ot
Lythrum virgatum . . 26! .24t . 427
Alisma lanceolatum 75t 227 47t 14+ 10° . .
Lysimachia nummularia .11 21t 290 17t 100t 1Tt
Polygonum aviculare 25" . .14 24 . 50"
Juncus compressus 25% .21 57ttt LT
Bolboschoenus maritimus agg. 50" . 32! . 10t . 42!
Ranunculus sardous . 117 11t 57t 207 . 8"
Potentilla reptans .11t 16t 29% 20
Ranunculus repens . 44! 11 100! . . .
Mentha aquatica . . 32! ) 2* . 33"
Oenanthe silaifolia . .11t . 20% . 8!
Galium palustre . 33" 16" . 2% 100 .
Carex vulpina .11t 16t ) 7t 33" 17t
Rumex crispus . .16t . 10* 100" .

Source of data:

Cluster 1 (4 relevés): (4) UBrizsy 1961, tab. 1, relevés 2, 4, 6, 9.

Cluster 2 (9 relevés): (8) DITE & al. (unpubl.); (1) ZLACKA 2005, page 27, relevé at the
top of the page.

Cluster 3 (19 relevés): (4) DITE & al. (unpubl.); (6) unpublished relevés sampled by
Schmotzer: Hungarian Phytosociological Database; (8) BODROGKOZY 1965a, table in
page 7, relevés 4, 5, 6, 7, 9, 10 and table in page 9, relevés 1-2; (1) ZLACKA 2005, page
27, relevé in the bottom of the page.

Cluster 4 (7 relevés): (1) Csiky 1999, relevé in page 41; (5) VICHEREK 1973, tab. 21,
relevés 1-5; (1) Pop 1962, table 10, relevé 4.

Cluster 5 (41 relevés): (3) DITE & al. (unpubl.); (10) BoprOGKOZY 1965a, table in
page 7, relevé 7, table in page 9, relevé 8, table in page 9, relevés 5, 7, 9, table in page
15, relevés 1-3, 5-7; (17) BODROGKOZY 1965Db, table II, relevé 1, table III, relevés 1-16;
(1) Pop 1968, tab. 42, relevé 6; (8) unpublished relevés sampled by Schmotzer: Hun-
garian Phytosociological Database; (1) TIMAR 1954, table 6, relevé 3.

Cluster 6 (3 relevés): (2) Por 1959, table 6, relevés 1-2; (1) Popr 1968, table 42, rel. 1.
Cluster 7 (12 relevés): (6) DITE & al. (unpubl.); (5) BoDrROGKOZY 19654, table in page
9, relevés 3-4, 6, 8, 10; (1) BODROGKOZY 1965b, table 2, relevé 8.
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Therefore, the phytocoenological affiliation of B. eruciformis seems to
be quite broad. This statement is supported by historical and recent stu-
dies (e. g. S006 1930, 1933, BODROGKOZY 1965a, 1965b, 1970, BORHIDI 2003).
The optimal conditions for the growth of B. eruciformis are linked to oc-
cassionally flooded to moderately dry habitats. In addition, there is no
significant presence of typical wetland species at the sites of the highest
abundance of the species, whereas species requiring drier substrate (“as-
teno-xerophytes”) are missing, as already reported by BoprROGKOZY 1987.
At the same time, the species is most abundant in low to moderately saline
soils, growing together with sub-halophytes or even together with some
obligate halophytes in minimal presence. This particularly refers to cluster
5 (Tab. 1) which, in our opinion, can be considered as vegetation of the al-
liance Beckmannion eruciformis (class Festuco-Puccinellietea).

The first information about the vegetation with the presence of B.
eruciformis came from Rapaics 1916. In this report, a list of species from
the western part of the Hortobdgy puszta (SE Hungary), where B. eruci-
formis is growing in wet hay meadows dominated by Alopecurus pratensis
and Agrostis stolonifera, was presented. Except for an overview of the
species, no quantitative characterisation was provided. Based on this re-
port of Raraics 1916, the community “Agrostis alba-Beckmannia eruci-
formis” was described (So6 1930). This description can be considered as
valid according to the International Code of Phytosociological Nomen-
clature (WEBER & al. 2000), while the combination is the basionym of the
valid name Agrostio stoloniferae-Beckmannietum eruciformis RAPAICS ex
S06 1930 (cf. BoruIDI 2003). SOO 1930 characterised the community with
the following taxa (ordered according to their constancy rates): Agrostis
stolonifera, Beckmannia eruciformis, Mentha pulegium, Inula britannica,
Alopecurus pratensis, Eleocharis palustris and E. uniglumis, Trifolium
fragiferum, Lotus tenuis, Rorippa kerneri, Polygonum aviculare, Pulicaria
vulgaris, Trifolium repens, Alopecurus geniculatus, A. aequalis, Glyceria
fluitans agg. and Tripolium pannonicum. Sporadically there were present
Cirsium brachycephalum, Oenanthe silaifolia, Pholiurus pannonicus, He-
leochloa alopecuroides, H. schoenoides, Plantago tenuiflora, and Dichodon
viscidum. Except for Tripolium pannonicum, no additional obligate halo-
phytes are quoted in the list, whereas several species considered as sub-
halophytes are reported. In an another study performed by So6 1933, a
significantly modified species list of the community from 1930 was re-
ported, and in addition to the term “association”, the term “ass.-complex”
was used. In this list, the following species were appointed (arranged ac-
cording to their constancy rates): Juncus atratus, Rumex stenophyllus,
Ranunculus sardous, R. lateriflorus, Lythrum virgatum, Euphorbia palus-
tris, Lysimachia nummularia, Veronica scutellata. On the other hand, he
omitted some species from the list of 1930, such as Alopecurus pratensis,
A. geniculatus, A. aequalis, Trifolium fragiferum, T. repens, Lotus tenuis,
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Polygonum aviculare and Pulicaria vulgaris. Tripolium pannonicum is
again the only more frequently occurring obligate halophyte; but the oc-
currence of several facultative halophytes has decreased. These differences
found in two works published by the same author within a three-year
period, clearly illustrate the changes of the species composition of the as-
sociation. In both papers (Soo6 1930, 1933), however, the occurrence of this
vegetation type was shown to be restricted to wet and slightly saline ha-
bitats. Nevertheless, BODROKGOzY 1965b defined the typical stands of the
association developing on solonetz soils with low salt content and exposed
to flooding. In the association, he also included the stands occurring on
more salinised soils, typical for the presence of the salt meadow species
such as Podospermum canum, Limonium gmelinii or Festuca pseudovina
as well as some other obligate halophytes, such as Pholiurus pannonicus
and Plantago tenuiflora (cf. BODROKGOZY 1963, 1965b, BorHIDI 2003). With
respect to differences in the species composition, we consider that the ori-
ginal description of the association provided by So¢ 1930, was sig-
nificantly changed, particularly due to the much higher presence of the
halophytic species.

According to BoruIDI 2003, the association Agrostio stoloniferae-
Beckmannietum eruciformis (Beckmannion eruciformis as well) occupies
soils with a high content of salts, the stands are characterised as wet solo-
netz meadows with a mosaic pattern. The author included this association
in the group of the most important continental halophytic communities
growing in the Great Hungarian Plain (Alf6ld), especially within the zo-
nation of salt marshes of the Tisza River Basin (Tiszdntuil). The species
composition is very heterogeneous and many obligate halophytes are con-
sidered as constant species of the stands on strongly salt-affected soils
(BorHIDI 2003). This, however, does not match the original description ac-
cording to which the stands of the alliance Beckmannion eruciformis de-
velop on slightly saline soils and the occurrence of obligate halophytes is
no more than accessory. In our analysis, relevés with a higher frequency of
halophytes are presented in clusters 6 (Festucion pseudovinae) and 7
(Puccinellion limosae). They were observed only in Hungary, in the area of
Hortobdgy and Koros Maros National Parks, as well as in Western Roma-
nia. On the contrary, stands with only sporadic occurrence of obligate ha-
lophytes (e. g., Pholiurus pannonicus, Plantago tenuiflora) and presence of
diagnostic species of the Beckmannion eruciformis were grouped into
cluster 5. The species composition of cluster 5 corresponds with the origi-
nal description of Agrostio stoloniferae-Beckmannietum eruciformis
(Beckmannion eruciformis) performed by So6 1930.

Several additional plant communities with the presence of B. eruci-
formis were described within the Pannonian Basin. For example, SLAVNIC
1948 documented the association Oenanthe-Beckmania erucaeformis Tora
1930 in Vojvodina, Serbia. This vegetation type is characterised by high
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constancy values of Oenanthe silaifolia, Gratiola officinalis, Rumex steno-
phyllus, Melilotus dentatus, Beckmannia eruciformis, Agrostis stolonifera
and Glyceria fluitans. Stands with similar species composition were also
mentioned by BODROGKOZY & GYORFFY 1970, but without reporting complete
phytosociological relevés. These stands were described as the community
“Agrosti-Beckmannietum eruciformis gratioletosum (officinalis)”. Regard-
ing the species structure, the non halophytic hydrophytes were dominant,
including first of all Gratiola officinalis, Oenanthe silaifolia, Euphorbia
palustris and Juncus atratus. Forming a considerable part of the total ve-
getation cover of the stands, they may be considered as differential species.
Apart from the dominant species B. eruciformis and Agrostis stolonifera,
other species, such as the above mentioned Gratiola officinalis and Oe-
nanthe silaifolia make up as much as 30-40% of the total cover of the stands,
whereas the total cover of the vascular plant species in this subassociation
usually reaches 60-70%. The community was recorded in swampy depres-
sions on saline soils with high nitrogen content (cf. BODROGKOZY & GYORFFY
1. c.). In our opinion, these stands represent vegetation of the class Molinio-
Arrhenatheretea. This opinion is supported by SLAVNIC 1948, since a similar
species composition was found together with B. eruciformis in the region of
Northern Serbia (Vojvodina). However, SLAVNIC described it as “Alope-
curus-Rorippa kerneri SLAVNIC 1941 subassociation with Beckmannia eru-
ciformis”. KNEZEVIC 1980 registered the community in the area of Kruscié
(Vojvodina) as well. In addition, BODROGKOZY 1965a reported the occurrence
of B. eruciformis in other communities of the alliance Beckmannion eruci-
formis So6 1933. In the region of Arkuspuszta (Hungary), B. eruciformis
was recorded in the association Agrosti-Glycerietum poiformis So6 (1933)
1947. Moreover, B. eruciformis occured here in the subassociation “typi-
cum”, particularly in the subassociation “beckmannietosum”. The commu-
nity was found in deeper water of the littoral zone forming transitional
stand towards the association Agrostio stoloniferae-Beckmannietum eru-
ciformis. Dominant species are Glyceria fluitans and Agrostis stolonifera,
whereas the absence of halophytes is typical, as well as a high frequency of
species of the class Phragmito-Magnocaricetea. In our analysis, this type of
vegetation is grouped in cluster 3 (Tab. 1). Another association with the
significant presence of B. eruciformis (cover values 25-50%) is the Agrosti-
Alopecuretum pratensis So0 (1933) 1947 subassociation beckmannietosum
SLAVNIC 1948 (cf. BODROGKOZY 1965a). The species was occasionally re-
corded also in the species-poor subassociation juncetosum conglomerati
BobproGKOzY 1965a. Within the stands of this community, the following
species were dominant: Alopecurus pratensis, Agrostis stolonifera and
Eleocharis uniglumis, which are known as characteristic for the ass.
Agrostio stoloniferae-Beckmannietum eruciformis, as pointed out by So6
1930. In our analysis, these relevés are placed into cluster 5, i. e., they belong
to the alliance Beckmannion eruciformis.
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4.2. Vegetation with Beckmannia eruciformis in Central and
South-Eastern Europe

In Central and Southeastern Europe, stands with Beckmannia eruci-
formis have also been observed in localities outside of the Pannonian Ba-
sin.

In Serbia, in the Potamisje region, the relevés with B. eruciformis have
been recorded on reclaimed wetlands (Vuckovi¢ 1985). The vegetation was
described as “Agrostetum albae pannonicum beckmannietosum eruci-
formis” (Article 34a Code of phytosociological nomenclature; cf. WEBER &
al. 2000). The stands are characterised by high cover values of Agrostis
stolonifera (75-100%) and low cover values (up to only 5%) of several ty-
pical species of association Agrostio stoloniferae-Beckmannietum eruci-
formis (Beckmannion eruciformis), including B. eruciformis, Glyceria
fluitans agg., Ranunculus lateriflorus, Rorippa kerneri and Eleocharis pa-
lustris. This species-poor vegetation is analogous to the vegetation of
cluster 3 (Oenanthion aquaticae) in our study, but with lower cover values
of B. eruciformis. For the area of Ni§ (southern Serbia), the presence of the
vegetation with a very high abundance of B. eruciformis (75-100% of cov-
erage) was reported (RANDELOVIC & al. 2007). The authors classified it as
Oenantho fistulosae-Beckmanietum eruciformis, order Phragmitetalia.
The total absence of the co-dominant Agrostis stolonifera and other typical
species of Beckmannion eruciformis was quite apparent. Considering the
floristic structure, these stands are not to compare with our dataset re-
corded for the Pannonian region (see Tab. 1).

At the very south of the Pannonian Basin, in Bulgaria, vegetation
dominated by B. eruciformis is rare, and it has been recently confirmed
only for SE Bulgaria in the vicinity of Stara Zagora, Primorsko, Haskovo
and Sredets (SopoTLIEVA, HAJKOVA, AposToLova & HAJEK, unpublished
data). The stands of this vegetation occur in depressions within complexes
of sub-halophytic grasslands of the Trifolion resupinati K. MICEVSKI 1957
alliance. Fluctuating water regime and disturbance of stands are con-
sidered as typical for this type of vegetation. The phytosociological mate-
rial from the area is rather insufficient because only 4 relevés are available.
The stands are very poor in species, whereas the cover values of B. eruci-
formis vary between 1% and 40%. In addition, a low cover value (up to
only 5%) is characteristic for the accompanying species Agrostis stoloni-
fera, which is even absent in particular stands. Eleocharis palustris, Jun-
cus effusus and, in one case, Carex acutiformis are more abundant. The
species composition indicates slightly saline soils, but a more accurate
classification of these stands is not possible.

For the sake of a complete description of the occurrence of B. eruci-
formis in Central and South-Eastern Europe, we have also addressed its
occurrence north of the Pannonian Lowland, in North-Eastern Poland. In
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this area, Ciosek 2004 reported 22 phytosociological relevés containing B.
eruciformis. The author included the stands in the order Trifolio fragi-
ferae-Agrostietalia stoloniferae R. TX. 1970 and alliance Agropyro-Rumi-
cion crispi NorDH. 1940 em. R. TX. 1950. B. eruciformis was regarded to be
a character species, and Deschampsia caespitosa and Phalaris ar-
undinacea were treated as differential species. CIoSEK 2004 also recorded
several common species growing together with B. eruciformis as found in
the Pannonian Basin, including Agrostis stolonifera, Alopecurus pratensis
and Lysimachia nummularia. Moreover, some species not recorded from
Beckmannia stands in the Pannonian region have been found, such as Iris
pseudacorus, Viola stagnina and Dianthus superbus. The only sub-halo-
phytic species occurring sporadically in the stands with B. eruciformis in
North-Eastern Poland is Trifolium fragiferum. This finding highlights the
fact that B. eruciformis is a facultative halophyte and can be abundant
even on non-saline soils (SLAVNI¢ 1948, OTAHELOVA & al. 1985, ZLACKA
2005).

5. Acknowledgements

We are grateful to D. SopoTLIEVA, P. HAJKOVA, I. APosToLOVA, and M. HAJEK for
providing unpublished data from Bulgaria, to M. BALLA, R. SUvADA, A. I. CsaTHO and
to the staff of the Koros-Maros National Park for their assistance during the field
work and to Zs. MoLNAR and D. Vukov for the provided literature. We are also in-
debted to D. SENKO for creating the map. The study was supported by grants VEGA
No. 2/0030/09, 2/0181/09 and 2/0003/12.

6. References

BobroGrozy G. 1965a. Ecology of the halophylic vegetation of the Pannonicum. II.
Correlation between alkali (“szik”) plant communities and genetic soil classi-
fication in the Northern Hortobdgy. — Acta bot. Acad. Sci. Hung. 11: 1-51.

BobproGKOzZY G. 1965b. Ecology of the halophylic vegetation of the Pannonicum IV.
Results of the investigation on the solonetz meadow soils of Oroshdza. — Acta
biol. szeged. 11: 207-227.

BobroGrOZY G. 1970. Ecology of the halophilic vegetation of the Pannonicum VI.
Effect of the soil-ecological factors on the vegetation of the reserve of lake
“Dongér” at Pusztaszer. — Acta biol. szeged. 16(1-2): 21-41.

BoDROGKOZY G. 1987. Fitocénoldgiai és hidroskoldgiai vizsgdlatok a Szarvasi Onto-
zési Kutatd Intézet réttdrsuldsain. Jozsef Attila Tudomdnyegyetem Szeged,
depon in Institute of Ecology and Botany Vdcratét. 15 pp.

BoDROGKOZY G. & GYORFFY B. 1970. Ecology of the halophilic vegetation of the Pan-
nonicum VII. Zonation study along the Bega-Backwaters in the Voyvodina
(Yugoslavia). — Acta biol. szeged. 16(3-4): 25-41.

BoruIDI A. 1993. A Magyar fléra szocidlis magatartds tipusai, természetességi és re-
lativ 6koldgiai értékszamai [Social behaviour types of the Hungarian flora, its
naturalness and relative ecological indicator values]. — Janus Pannonius Tu-
domdnyegyetem Novénytani Tanszék, Pécs.

BorHIDI A. 2003. Magyarorszag novénytarsuldsai. — Akadémiai Kiadd, Budapest.



AUTHOR’S COPY

193

BotTa-DUKAT Z., CHYTRY M., HAJKOVA P. & HavLovA M. 2005. Vegetation of lowland
wet meadows along a climatic continentality gradient in Central Europe. —
Preslia 77: 89-111.

Braak C.J. F. TER & SMILAUER P. 2002. CaNoco Reference manual and CanoDraw for
Windows User’s guide. Software for Canonical Community Ordination (ver-
sion 4.5). — Microcomputer Power, Ithaca & New York.

Crosex M. T. 2004. Zbiorowiska ro§linne z Beckmannia eruciformis w Polsce srod-
kowowschodniej. — Fragm. flor. geobot. polonica. 11: 123-130.

Csiky J. 1999. Adatok a Karancs és medves flordjdhoz. — Kitaibelia. 4: 37-43.

FEKETE G., MOLNAR ZS. & HORVATH F. (eds.). 1997. Nemzeti Biodiverzitds-monitorozé
Rendszer II. A magyarorszagi él6helyek lefrdsa, hatdrozéja és a Nemzeti El6-
hely-osztalyozdsi Rendszer. — Magyar Természettudomdanyi Muzeum, Buda-
pest.

HeGeEDUSOVA K. 2007. Centrdlna databdza fytocenologickych zdpisov na Slovensku
(CDF). — Bull. slov. bot. Spole¢n. 29: 124-129.

HENNEKENS S. M. & ScHAMINEE J. H. J. 2001. TURBOVEG, a comprehensive data base
management system for vegetation data. — J. Veg. Sci. 12: 589-591.

HiLL M. O. 1979. TwiNspaN. A Fortran program for arranging multivariate data in an
ordered two-way table by classification of the individuals and attributes. —
Cornell University, Ithaca.

HoLus J. 1999. Beckmannia eruciformis (L.) HosT. - In: CEROVSKY J., FERAKOVA V.,
HoLuB J., MAGLOCKY S & PrOCHAZKA F (eds.), Cervend kniha ohrozenych a
vzdcenych druhov rastlin a Zivoéichov SR a CR. Vol. 5. Vyssie rastliny, p. 54. —
Priroda, Bratislava.

KNEZEVIC A. 1980. Saline vegetation of steppe-meadow character in the vicinity of
the village Krus¢i¢. — Zbornik matica srpska, Serija prirodnych Nauk, 59: 102—
129.

KristT V. 1940. Halofytni vegetace jz. Slovenska a severni ¢dsti Malé Uherské niziny. —
Prace Mor. Prir. Spole¢n., Brno, 12: 1-100.

LAJER K., BoTTA-DUKAT Z., CsIKY J., HORVATH F., SzMORAD F., BacI 1., DoBoLvi K.,
Haun 1., KovAcs J. A. & REDEI T. 2007. Hungarian phytosociological database
(COENODATREF) sampling methodology, nomenclature and its actual stage.
— Annali di Botanica N. S. 7: 27-40.

MarHOLD K. & HINDAK F. (eds.) 1998: Zoznam niz§ich a vyssich rastlin Slovenska.
Veda, Bratislava, 688 pp.

MOLNAR ZS. & BorHIDI A. 2003. Hungarian alkali vegetation: Origins, landscape
history, syntaxonomy, conservation. - Phytocoenologia 33: 377-408.

OTaHELOVA H., HUSAK S. & MuciNa L. 1985. Vodné a mo¢iarna vegetdcia. — In: SPA-
NIKOVA A. (ed.), Vegetatné pomery juznej casti Vychodoslovenskej niziny, pp.
44-115. — Acta bot. slov. (Acad. Sci. Slovacae) Ser. A, 8.

Pop 1. 1959. Cercetari geobotanice asupra pasunilor si finatelor de pe terenulire sar-
aturoase de la Salonta (Reg. Oradea). — Studii si Cercetari de Biologie 10: 75—
99.

Pop 1. 1962. Vegetatia acvatica si palustra de la Salonta (Reg. Crisana). — Studii si
Cercetari de Biologie 13: 191-216.

Pop 1. 1968. Flora si vegetatia Campiei Crisurilor, Interfluviul Crisul Negru-Crisul
Repede. — Acad. Republ. Soc. Romania, pp. 102-116.



AUTHOR’S COPY

194

Porescu A. 2005. R1513 Pajisti vest-pontice de Beckmannia eruciformis si Zingeria
pisidica. — In: DoNITA N., POPESCU A., PAUCA-COMANESCU M., MIHAILESCU S. &
Biris I.-A., Habitatele din Romaénia, pp. 41-42. — Editura Tehnica Silvica, Bu-
curesti.

RANDELOVIC V., ZLATKOVIC B. & MATEJIC J. 2007. Moc¢varna vegetacija reda Phragmi-
tetalia u jugoistocnoj Srbiji. — Proceedings of the 9th Symposium on the Flora
of Southeastern Serbia and Neighbouring Regions, pp. 9-18.

Raraics R. 1916. A Hortobagy novényfoldrajza. — Gazdasagi Lapok 88-89: 102-103,
115-116, 124-126.

ROLECEK J., TicHY L., ZELENY D. & CHYTRY M. 2009. Modified TWINSPAN classifi-
cation in which the hierarchy respects cluster heterogeneity. — J. Veg. Sci. 20:
596-602.

SLAVNIC Z. 1948. Slatinska vegetacija Vojvodine. — Arhiv za poljoprivredne nauke i
tehniku, Novi Sad, 3: 1-80.

SLavNi¢ Z 1953. Biljnogeografska analiza i florogeneza sremske halofitske vegetacje.
— Zbornik matica srpska, Serija prirodnych Nauk, Novi Sad, 4: 1-32.

So6 R. 1930. A modern névényfoldrajz problémdi, irdnyai és irodalma. A nové-
nyszociolégia Magyarorszdgon. — Magy Biol. Kut. Int. Munkai 3: 1-51.

So6 R. 1933. A Hortobagy novénytakardja. A szikepuzsta novényszovetkezeteink
okoldgiai es szocioldgiai jellemzése. — Debreceni Szemle 8: 56-77.

StatSoft 2001. STATISTICA. System reference. — StatSoft Inc., Tulsa.

TicHY L. 2002. JUICE, software for vegetation classification. — J. Veg. Sci. 13: 451—
453.

TmMAR L. 1954. Egyéves novénytarsuldsok a Szeged kornyéki szikesek iszapjdn. —
Ann. Biol. Univ. Hung. 2: 311-321.

TutiN T. G. 1980. Beckmannia HosT. — In: TuTiN T. G., HEywooD V. H., BURGES N. A.,
Moore D. M., VALENTINE D. H., WALTERS S. M. & WEBB D. A. (eds.), Flora
Europaea 5: 171. — Cambridge University Press, Cambridge.

TzveLEV N. N. 1983. Grasses of the Soviet Union, Part 1. — Oxonian Press, New Delhi
& Calcutta.

UBrizsy G. 1961. Unkrautvegetation der Reiskulturen in Ungarn. — Acta bot. Acad.
Sci. Hung. 7: 175-220.

VicHEREK J. 1973. Die Pflanzengsellschaften der Halophyten und Sub-
halophytenvegetation der Tschechoslowakei. — Vegetace CSSR, ser. A, Praha,
5: 1-200.

Vuckovi¢ R. 1985. Fitocenoze slatinske vegetacije istotnog Potamisja, njihova pro-
dukcija i hranljiva vrednost. — Doktorska disertacija, Prirodno-matematicki
fakultet Univerziteta u Beogradu.

WEBER H. E., MoORAVEC J. & THEURILLAT J-P. 2000. International Code of Phytosocio-
logical Nomenclature. 3" edition. — J. Veg. Sci. 11: 739-768.

ZLACKA S. 2005. Husenikovec erukovity na Medzibrockych planavdach. — Chrdanené
uzemia Slovenska, Banska Bystrica, 65: 27-28.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 843.024]
>> setpagedevice


