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The Riparian Alder Forests of the Sopron Hills

FerencSzZMORAD

Aggtelek National Park Directorate, Josydflungary

Abstract — The present study demonstrates the classification of the riparian alder forests of the
Alpokalja region through the analysis of their stands in the Sopron Hills. Besides the historical,
ecological and floristic data collection, the differentiation of these forests was examined using
36 coenological relevés recorded according to the Braun-Blanquet method. Cluster analysis,
principal component analysis and TWINSPAN analysis were applied in the process; the definition
of diagnostic species for the resulting units was carried out by fidelity analysis using the
@ coefficient. The presence of three alder forest associations was verified by the research in the
study area. In the vicinity of the lower and middle sections of the streams, characterized by
stagnant water, small patches of swampy alder foréstgglico sylvestris — Alnetum glutino3ae
occur. In the fast-flowing stream sections alder woods rich in species of mesophilic deciduous
forests Aegopodio — Alnetum glutinosaean be found, while along the middle and upper sections

of the streams, at sites with seepage water, mixed ash-alder forests with montane herb species
(Carici remotae — Fraxinetujnare typical. The investigations revealed that @aex brizoides
dominance-type alder groves were secondary forests that formed in former meadows and they
belong to the 3 mentioned riparian alder forest types.

riparian alder forests / phytosociology / Sopron Hills

Kivonat — A Soproni-hegység égerligetei.Jelen tanulmany az Alpokalja égerligeteinek
osztalyozasi problémait a Soproni-hegység allomanyainak elemzésén keresztil mutatja be. A
torténeti, okologiai és florisztikai adatijyés mellett a szefz a ligeterdk differencidlodasat
Braun-Blanquet mdodszere szerinti 36 conoldgiai felvétel felhasznéalasaval vizsgalta. A feldolgozas
soran cluster-analizis,6komponens-analizis és TWINSPAN-elemzés készllt, az elklldnitett
egységekre a diagnosztikai fajok kimutatasaiséh-értékekd koefficiens szerinti szamitaséval
tortént. Az elemzések alapjan a hegység terliletén harom égerliget-asszociacié jelenléte volt
igazolhatd. Az alsé és kozé&pgpatakszakaszok kiszélegedpangdbvizes részein kis foltokban
laposodo6 égerligetekApgelico sylvestris — Alnetum glutinoda®rdulnak eb. Ugyanebben a
fekvésben a patakok gyors folyasu szakaszain Ude lomberdei fajokban gazdag égerligetek
(Aegopodio — Alnetum glutinosge mig a ko6zépsfelsd patakszakaszok szivargd vizes
termdhelyein montan elemekkel szinezetirikelegyes égerligetelCarici remotae — Fraxinetujn
jellemzéek. A vizsgalatok feltartak, hogy &arex brizoidesdominancia-tipusu égerligetek
egykori rétek helyén kialakult, masodlagos jeillegrddk, s a fenti harom égerliget-tipushoz
tartozé allomanyokat foglalnak magukba.

égerligetek / névényconolbgia / Soproni-hegység
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1 INTRODUCTION

The near-natural vegetation of the border region between the Alps and the Pannonian Basin
has a strong transitional character due to the combined effects of the sub-Atlantic and sub-
continental (and to a smaller extent sub-Mediterranean) climates. The montane influence and
the occurrence of montane plant species is most remarkable in the regions észbg &nd

the Sopron Hills, which can primarily be explained with the direct biogeographical
connections, and the orographical characteristics of the two regions (ridges exceeding the
height of 800 and 600 m a.s.l., respectively).

The montane characteristics can be best detected in the riparian alder forests along the
streams in both regions (see Szmorad 1994, Kirdly — Szmorad 2004a) where the
microclimatic conditions of the stands situated between beech forests allow the occurrence of
numerous montane plant species. On the other hand, the alder forest sections of the foothills
resemble more of the stands described in the inner basin, while secondary stands formed as a
result of earlier anthropogenic impact are also possible to be found. This complexity of the
situation makes it difficult to create a coenological classification of these alder forests; the
different syntaxonomical systems of the two neighboring countries, Austria and Hungary (see
Wallnofer et al. 1993, Kevey — Borhidi 1996, Borhidi 2003, Willner 2007, Kevey 2008), and
the different interpretations of the associations in the Austrian and Hungarian literatures
further complicate this issue.

The classification issues are presented in this paper as a case study on the alder forests in
the Sopron Hills region, divided by the Hungarian-Austrian border (see Szmorad 2010). There
are only a few short descriptions of the alder woods of this area from the Hungarian side (So6
1941, Csapody 1964), whereas no research has been carried out on the Austrian part. There
are very few coenological relevés published that could be analyzed, and most of the riparian
stands have never been subject to vegetation research. The coenological, ecological and
phytogeographical characterization of the stands also considering historical aspects have not
yet been carried out and the question of the montane riparian ash-alder forests has not yet
been resolved (see Kevey 2008).

2 STUDY AREA

The Sopron Hills are the north-eastern subrange of the Alps reaching furthest into the
Pannonian Basin together with thédteg Hills. They are of medium height. To the west they

are separated from the adjacent, nearly north-south running Rosalia Hills by a saddle above
the village of Sieggraben. The area of the Sopron Hills is approx. 15(Kkrly 2004).

Concerning the area’s geology, the formations of two geological epochs play a major
role: in the eastern part of the hills an island-like extrusion of a palaeozoic schist block
(consisting of muscovite-gneiss, mica slate, quartzite and leucophyllite) can be observed
(Vendl 1929) while the western part between that and the Rosalia Hills is covered with
Miocene sandy, gravel—clay sediments (Vendl 1930, Kipper 1957). On the southern face of
the hills (between Ritzing and Neckenmarkt, also south of Kalkgruben) there are intrusions of
Leitha limestone, while acidic sandstones (between Neckenmarkt and Harka) add to the
geological structure, as well (Draganits 1996). In the north-western part of the region,
significant areas are covered with a Badenian clay sequence (Fuchs — Grill 1984).

The main ridge runs in West-East direction, its highest point is the Brenntenriegel (606 m
a.s.l.) situated within Austrian territory. The surface structure is defined by wide and flat
ridges and slopes of varying steepness. The valleys are usually deeply cut in the schists, thus
they are narrow with an upper-course character, without alluvial valley floors (Karpati 1955).
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On the other hand, the valleys that formed on thechbhe sediments show mostly middle-
course characteristics, their streams often measére 30-50 m wide alluvial valley floors.

The hydrographic network of the area consists oélsmsireams. Along their upper
sections and in the vicinity of valley heads segpsprings are frequent, whereas smaller
hallows with stagnant water appear along the middaid lower sections. The typical soll
types of the valley floors are wet (in some cadésced by seeping or stagnant waters)
alluvial and colluvial forest soils (Csapody — Netv1963). On wider valley floors the site
conditions are more defined by the groundwater.

The climate of the region is basically cool witlghiprecipitation. However, a definite
macroclimatic gradient can be observed west-egstetile the eastern hill front is warmer
and dryer, the western, inner area is much coaler leas higher precipitation. The mean
annual temperature varies between 8-9 °C, and rihaah precipitation usually between
650-900 mm (Kirély 2004).

From the phytogeographical point of view the SopHilis are situated in the border
region of the Alpine Alpicum) and the PannoniarP@nnonicun floristic provinces. The
phytogeographical classification of the area ifidlift, since the detectable floristic gradients
(Kiraly — Szmorad 2004b) indicate a transitionaiuna and a dualistic character, which often
appears in the forest vegetation as well.

3 FORMER RESEARCHES

The first references to the riparian alder fore$the Sopron Hills can be found at Gombocz
(1906); later So6 (1941) studied the area. Theerathentions alder forestsAlfetum
glutinosag@ and ash-alder wood$&raxineto — Alnetuinbased on some coenological relevés
recorded on a single site at the upper sectioh®fRak Stream. He distinguished several
different types (for the formePhragmites communis- Caltha palustris, Carex remota,
Impatiens noli-tangerefor the latterVeratrum album, Carex brizoides, Chrysosplenium
alternifolium, Petasites hybridugpes) and summarized his data in a synoptic table

After World War 2 the reviving Hungarian botanicasearch was mostly confined to the
eastern part of the hills due to the state bordeezThe essay of Orléci — Tuskd (1955), from
this period mentions riparian forests dominated bbgck alder Alnetum incanae Alnus
glutinosa consociation) and mixed ash woodSaficeto remotae — FraxinetymlIn his
phytogeographical study using mainly earlier dat@rpati (1956) describes alder woods
under the nameAlnetum glutinosae-incanagn the Sopron Hills region and ash woods
(Cariceto remotae — Fraxinetynin the Vadkan and Tacsi Valleys, the Faber Meadow
the Nagyflzes areas.

The riparian forests along the streams of the sadtalf of the Sopron Hills were
examined in detail by Csapody (1964). The montdderdorests that he namesnetum
glutinosae-incanaeBr.-Bl. 1915 were characterized on the basis otl@vés and he also
described the ash woods under the n&aeci remotae — FraxineturKoch 19260rienti-
alpinumKnapp 1942, publishing a single relevé. The paénegetation map of Csapody et
al. (1964) can be considered an addition to thislystthe authors indicated montane alder
forests in some sections of the Zsilip Valley, Hjdiz Valley and the valleys of the eastern
rim of the hills, as well as small ash wood staimdthe head part of the Kovacs Valley and
two spots in Nagyflizes.

There was no significant research concerning th&rian alder forests of the Hungarian
part of Sopron Hills following the previously memied ones; the botanical studies published
until the early 2000’s only refer to earlier worled try to interpret these. Based on the
floristic research of the region Kirdly — Szmor&f@4a) provide a very short description of

Acta Silv. Lign. Hung. 7, 2011



112 Szmorad, F.

the riparian standsfgégopodio — Alnetum, Carici brizoidis — Alnejuwhereas the historical
aspects of the research on alder forests in the Alpokalja region are shortly summarized by
Baranyai-Nagy — Baranyai (2008).

Publications about the Austrian side of the research area could not be found, and besides
the general descriptions neither the work of Wallnéfer et al. (1993) nor that of Willner (2007)
provides help concerning the coenological classification of the local riparian forests.

4 METHODS

| studied all the stream valleys of the Sopron Hills (ca 130 km) in the course of my research
and tried to gather all relevant data and information concerning the site characteristics,
structure, species composition, earlier management, naturalness and dynamics of the riparian
alder forests. For the documentation and detailed examination of these stands | have recorded
30 relevés with the classical coenological method (Braun-Blanquet 1951). The size of the
sample areas was either 20 or 10x 40 meters (= 400 Th The plots were not permanent;

data acquisition was carried out once in May or June.

When choosing the sampling plots | avoided disturbed and weedy stands (preferential
sampling). Thus they were designated in middle-aged or old-growth stands with high
naturalness and without conifers (in order to avoid the influence of such plantations, which
had affected riparian sites, as well).

Besides my own ones | have included some (6) relevés by Csapody (1959-1966),
surviving as manuscripts. These were also taken in the early summer and represented riparian
forests with high naturalness. However, | have omitted some of Csapody’s data (1964) since
they were recorded in strongly disturbed stands as the high number and cover values of the
species indicating disturbance would have strongly distorted the results of the comparative
coenological analysis.

In the course of analysing the coenological data with multivariate methods | first used the
SYN-TAX 2000 software package (Podani 2001). Before the analysis the cover values of the
tree species in the canopy, shrub and herb layers were assembled by species and the A-D
values were converted into percentages equal to the central values of the intervals. In case of
binary data the Jaccard index was applied for the cluster analysis, while the data transformed
using logarithmic standardization (base 2 and 10) were analyzed using the Beta-flexible
method (value: —0.25) and the Bray-Curtis index. Principal component analysis (PCA) was
applied for ordination.

| have also analysed the coenological data with the TWINSPAN method. This method of
Hill (1979) is based on reciprocal averaging (correspondence analysis).The data have been
processed with the 7.0 version of the JUICE software package (Tichy 2002, Tichy — Holt
2006). Before the analysis the cover values of the tree species in the shrub and herb layers
were assembled by species and the A-D values converted to percentages equal to the central
values of the intervals. | chose the level of pseudospecies as 3; their values are 0, 5 and 25%.
The TWINSPAN analysis was run with the maximum number of divisions (6) and | interpreted
the resulting classification according to the level of the divisions.

| have assigned the diagnostic species for the riparian alder forests for the finalized
groups of relevés. Following the method of Chytry et al. (2002) | defined these by calculating
the fidelity values according to thé-coefficient. The table of synthetic data (fidelity,
constancy) is published witlp = 0.30, using Fischer’'s exact te®® €0.05) in order to
emphasize species with high fidelity and to avoid bias due to small sample size.

The results from the analysis of the coenological relevés were evaluated (including the
experiences of the field trips) and the vegetation types derived from classification were
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matched with the coenological units. Finally, | paeed the concise description of the
region’s alder associations, including a literatteeiew. The letters in brackets signify the
layers (A = canopy layer, BC = shrub and herb lager herb layer, D= moss layer) in the
descriptions. Constant and sub-constant speciesrepesented above 60% constancy,
dominant species above 60% cover (in the lattee ¢dhe percentage values signify the
frequency of the dominant occurrences).
| used the vascular plant names of the identificabook edited by Kiraly (2009) while

moss names are based on the checklist of Erzberigapp (2004).

5 RESULTS

5.1 General results of the field research

As stand types associated with streams, alder woanide found in any valley of the Sopron
Hills. Besides the continuous, ribbon-like stanftlsré are some occurrences limited to short
valley sections in the north-western and southeeagpart of area on sand-gravel sediments
with lower clay content. The latter phenomenon astrapparent south of Marz (in the valley
between Gruskogel and Hochkogel), and above Nechskir(in the valley of the Goldbach)
mainly due to intermittent streams absorbed byldbse ground. Besides the riparian stands
in some parts of the hills (e.g. around As#pkilder woods of similar character appear on
wet patches close to springs.

In the narrow valleys of the eastern part formedsohist, the alder stands are narrow,
often only a single line wide. More extensive (wath extent of 20—-50 m) alder woods which
are more suitable for coenological analysis onlguodn the valleys of the area covered with
sedimentary rocks.

The original site conditions of these forests hbgen modified in many places by road
and leat constructions, stream regulation workaindige structures, buildings and artificial
lakes (in the Austrian part nearly 30 ponds) duripgst centuries. Although such
anthropogenic effects have influenced the sitethefalder stands (mainly the hydrological
balance), most of them can still be considerediquaaral.

On the other hand, former land use practices hgwefisantly reduced the extent of the
alder stands. The forests on the floodplains ofialaeer and middle stream sections were cut
down centuries ago and replaced by extensive meadbany of the meadows are still
managed (especially on the Austrian side), howevkatge-scale reforestation process started
in the 1950’s (see Baranyai-Nagy — Baranyai 2008)n-native tree species were also
introduced therefore many standsRifea abies, Pinus sylvest@d Populusx euramericana
can be seen on the valley floors. In the lowereyaiections (near settlements and orchards)
Juglans regiaoften occurs subspontaneously.

In the riparian alder wood&lnus glutinosais the dominant tree species, but the stands
are usually mixed. Of the accompanying spe€iexinus excelsiocan play a major (even
codominant) role (especially along the upper streastions, in wet or seepage sitédhus
incana is generally missing; there are only two recordishis species in the area. The
"Loipersbach — Herrentisch" occurrence is probabbated in the Aubach valley, while the
"NNW Deutschkreutz" in one of the alder woods &t $buth-eastern foot of Sopron Hills (see
Kiraly et al. 2004).

The quasi natural stands of the Sopron Hills aldends are very diverse and also show
significant variability in terms of structure angegies composition. The differentiation of the
wood types is mostly determined by their verticaldtion, the morphological characteristics
of the valley floor, the depth of the stream bed aater availability but earlier land use
practices (meadow management, forest usage, d¢$0.)saems to have a major influence.
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Depending on the background variables the diffetgpes of riparian forests are often
alternately positioned along the longitudinal aofis valley.

The coenological characteristics of the ripariane$ts are defined by the species of
mesophilic deciduous forestsggetalig and riparian forestsA(nion incanag but in sites
with stagnant water some species of swamp forddietea glutinosgeand wet meadows
(Molinetalia) also appear. According to the prior field studig®e proportion of the
coenological species groups within the stands (loth regard to species composition and
cover) changes mainly depending on the water supply

Alder woods have a considerable spring aspect,p¢Xoe the stands nearing swamp
state. The most frequent species inclusidoxa moschatellina, Anemone ranunculoides,
Anemone nemorosa, Chrysosplenium alternifolium,uRamlus ficaria, Lathraea squamaria
while Allium ursinum Corydalis cava, Dentaria enneaphyllos, Isopyrumlithieides occur
less often.

The alder woods with an upper-course characterirmportant sites of the montane
plant species of Sopron Hill®leurospermum austriacumsed to grow on the edge of a
riparian alder wood andntriscus nitida, Doronicum austriacum, Equisetuptvaticum,
Gentiana asclepiadea, Lysimachia nemorum, Petaaitassalso partly or entirely occur in
such woods (Kiraly et al. 2004, Szmorad 2008). dbeurrence of numerous montane moss
species can also be linked to upper-course ripaider forests; the mosses of the spruce
zone (typical of thevaccinio-Piceetaliaorder) occur in almost every case in these stands
(see Szdveényi et al. 2001).

The sites of these riparian alder stands provideueable conditions for the spreading of
several invasive species. The most notable one&allepia japonica(mainly in Austrian
valleys), Telekia speciosdHidegviz-volgy), andmpatiens glandulifergdmainly at foothill
stream sections) (see Kirdly et al. 2004). The gres of invasive plants in the inner hill
regions is mainly related to settlements and wédihanagement facilities (feeding sites).

5.2 Results of the numerical analysis

The cluster analyses of the coenological data shawnarkedly different groups of samples.
Here only the dendrogram made with log2 standatidizas presentedFigure 1.) but the
results were very similar when using binary datéogflO standardization.

The first group of the dendrogram (A) contains takevés of the moderately swampy
alder forests with the dominance ©@&rex acutiformisandCaltha palustrisand the presence
of Cardamine amara, Crepis paludgda/copus europaeusnd further species typical to sites
with stagnant water.

The second group (B) includes relevés of the mixglatalder woods occurring in sites
with seepage water and springs along upper andlengtdeam sections. In these samples
(similarly to the previous grouraxinus excelsiosometimes plays a codominant role while
Caltha palustris, Carex brizoides, Carex pendulajuisetum telmateia, Impatiens noli-
tangereandPetasites albusan reach significant cover in the herb layer.

The third group (C) is more distinct from the otheit is partly moderately disturbed,
partly shows characteristics of mesophilic decidufmrests and is mixed with hornbeam. In
the relevés assigned to this category (mainly aldhaiand lower stream sectiorGarpinus
betulus, Salix fragili@ndTilia cordataplay a major role in the canopy layer, wHdambucus
nigra andCorylus avellanado so in the shrub layer. The dominant specigbeherb layer
areAegopodium podagraria, Carex brizoidasd Galeobdolon montanum.

The scattergram of the PCA does not show spectagtdapings among the records due
to the compositional variability of the alder faiesHowever if the 3 groups of the cluster
analysis are projected unto the scattergram, tteangement of the groups becomes apparent
(Figure 2).
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Figure 1. Dendrogram of the relevés (base dataatdgmic standardization, base 2,
method: Beta-flexible, coefficient: Bray — Curtislex). (A) swampy alder forests,
(B) riparian ash-alder forests, (C) riparian hornéi@-alder forests.
Own relevés: 1-30, $APODYs (1959-1966) relevés: 31-36.
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Figure 2. Scattergram of the relevés (centered @pal components analysis, partitions
according to Fig. 1). (A) swampy alder forests, (Barian ash-alder forests,
(C) riparian hornbeam-alder forests. Own releves3Q, GAPODYs (1959-1966) releves: 31-36
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Group (C) (mixed with hornbeam) on the right side of the point cloud is relatively well
separated from the other two groups, which are defined by stagnant or seeping waters,
whereas the ordination diagram shows higher floristic similarity between groups (A) and (B).

In the TWINSPAN analysis the first division of the 36 relevés brought a differentiation of
the types showing mesophilic characteristics (1) and those more defined by water (0). At the
second division the difference between the two groups of hornbeam-mixed alder stands (1)
was hardly detectable; in both units (11, 10) mainly Amgopodium podagraria, Carex
brizoides, Galeobdolon montanuras Impatiens noli-tangerelominance-type relevés were
included (therefore the two groups should form a single coenological unit). The second
division of the stands more defined by hydrological conditions (0) resulted in a further
differentiation of slightly swampy alder stands characterized with stagnant water and the
dominance ofCaltha palustris, Carex acutiformis, Carex brizoid€4) and mixed ash-alder
stands with seepage water occurring along upper-course streams, dominabadthiay
palustris, Carex pendula, Impatiens noli-tangerdPetasites albus (00).

As a conclusion of the analysis of the 36 coenological relevés, accepting the arrangement
resulting from the TWINSPAN analysis, the final classification contains 3 categories:
swampy alder forests (a), riparian ash-alder forests (b), riparian hornbeam-alder forests (c).
The 3 groups can be identified as association-rank coenological units and related to forest
associations described earlier. Their differentiation is presented with the list of diagnostic
species, including fidelity and constancy values (Table 1.).

5.3 Description of the riparian alder forests

5.3.1 Swampy alder forests
(Angelico sylvestris — Alnetum glutinosae Borhidi in Borhidi & Kevey 1996)

Occurrence, site. This is a rare riparian alder forest type of the lower and middle stream
sections. Its stands are small compared to the other two types and only appear in short
sections between the mixed ash-alder woods and the mesophilic alder stands. It usually occurs
where the valley floor widens, the stream bed is shallow and flow velocity is low. Water from
temporary flooding usually remains longer, the site is characterized with shallow stagnant
water patches (from ecological point of view the site is somewhere between riparian forests
and swamp forests). The soils are colluvial forest soils showing swamp characteristics.
Besides the primary forests some secondary stands also occur, mainly due to road
constructions or blocked culverts.

Structure and species compositionCanopy is loose, and its dominant specie®lisus
glutinosa. Other tree species are rare, ¢itgxinus excelsiomay reach a higher cover. The
shrub layer is sparse; its only characteristic speci®&bigrnum opulusThe dominance of

Carex acutiformisandCarex brizoidegprevails in the herb layer but certain other taxa, typical

of sites with stagnant wate€Céltha palustris,Cardamine amaraCarex paniculata, Crepis
paludosa, Lycopus europaeus, Solanum dulcamara, Veronica beccabunga), also influence the
attributes of the standd-agetalia species only play a minor role but their presence
emphasizes the transitional riparian-swamp forest coenological character typical of the region.

Constant-subconstant speciesAlnus glutinosa [A] 100Acer pseudo-platanufBC] 86,
Euonymus europaeyBC] 86, Fraxinus excelsiofBC] 86, Alnus glutinosa [BC] 71Rubus
fruticosusagg. [BC] 71 Viburnum opulugBC] 71; Aegopodium podagraria [C] 10&tachys
sylvatica [C] 100Dryopteris carthusiana [C] 8&quisetum arvensfC] 86, Impatiens noli-
tangere[C] 86, Urtica dioica [C] 86,Athyrium filix-femina [C] 71Cardamine amara [C] 71,
Carex remota [C] 71Circaea lutetiana]C] 71, Ranunculus ficarigC] 71, Galeobdolon
montanumC] 71, Ranunculus repen<] 71; Hypnum cupressiformgd] 100, Eurhynchium
hians[D] 71, Plagiomnium undulatuif] 71
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Table 1.Synoptic table of fidelity and contancy based onr@évés from riparian alder forests.
Determination of diagnostic species: with the usPHi koefficient ¢ = 0.30) and Fischer’'s
exact test (P < 0.05). Vegetation types: (a) swaralgher forests (Angelico sylvestris —
Alnetum glutinosae Borhidi in Borhidi & Kevey 1996)) riparian ash-alder forests (Carici
remotae — Fraxinetum Koch ex Faber 1936), (c) rnigar hornbeam-alder forests
(Aegopodio — Alnetum glutinosae V. Karpati & |. Kati & Jurko ex Som8ak 1961). Layers:
A = canopy layer, BC = shrub and herb layer, C =rlhéayer, D = moss layer. Asterisks (*)
before species names indicate taxa with uncertaigristic value.

Vegetation types (@) (b) (©) (@) (b) (c)
Number of relevés 7 11 18 7 11 18
Species Layer Phi coefficient & 100) Constancy (%)
Filipendula ulmaria C 92.2 100 0 11
Lycopus europaeus C 89.9 100 9 6
Carex paniculata C 79.1 71 0 0
Crepis paludosa C 68.9 86 18 11
Lysimachia vulgaris C 58.8 86 36 11
Dryopteris expansa C 58.0 71 27 0
Cirsium rivulare C 57.7 43 0 0
Plagiomnium ellipticum D 57.7 - 43 0 0
Carex acutiformis C 53.2 71 18 17
Veronica beccabunga C 52.3 71 36 0
Brachythecium mildeanum D 51.4 43 0 6
Equisetum sylvaticum C 45.9 29 0 0
* Glechoma hederacea C 45.8 43 0 11
Solanum dulcamara C 44.0 71 45 6
Dryopteris dilatata C 43.8 71 18 33
Caltha palustris C 43.7 100 73 44
* Fagus sylvatica BC 42.9 57 9 22
Juncus effusus C 42.6 43 9 6
Valeriana dioica C 42.6 43 9 6
Plagiothecium denticulatum D 40.1 71 36 22
Rumex sanguineus C 52.5 0 36 0
Senecio ovatus C 52.5 0 36 0
Paris quadrifolia C 48.0 29 82 33
Carex pendula C 46.5 43 82 22
* Carex pilosa C 45.7 0 36 6
* Atrichum undulatum D 45.3 57 100 56
Petasites albus C 44.6 14 55 11
* Herzogiella seligeri D 42.4 57 82 17
* Rubus fruticosus agg. BC 40.1 71 100 56
Tetraphis pellucida D 38.7 29 55 6
* Cardamine amara C 38.1 71 91 33
* Carex sylvatica C 37.2 57 91 50
Circaea lutetiana C 31.3 71 91 50
Stellaria holostea C 67.1 29 18 94
Salix fragilis A --- --- 63.2 0 0 50
Galium aparine C 53.2 29 36 89
Amblystegium serpens D 50.0 0 0 33
Knautia drymeia C 49.1 0 9 44
Malus sylvestris BC 45.2 0 0 28
Cardamine enneaphyllos C 45.2 0 0 28
Corylus avellana BC 43.4 29 73 94
Symphytum tuberosum C 43.2 0 36 61
Mercurialis perennis C 42.0 14 9 50
Sambucus nigra BC 41.4 43 36 83
Carpinus betulus BC 38.4 29 45 78
Geum urbanum C 37.3 43 45 83
Moehringia trinervia C 37.1 29 18 61
Brachythecium velutinum D 35.0 14 27 56
Rubus caesius BC 31.8 57 9 67
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Dominant species:Alnus glutinosa [A] 86Fraxinus excelsiofA] 14; Carex acutiformi4C]
29, Carex brizoidefC] 29

Syntaxonomy, nomenclature.Swampy alder forests appear in the Hungarian coenological
literature as 'alder marsh forests', formerly under the r@aniei acutiformis — Alnetun$o06

1963 then recently a&ngelico sylvestris — Alnetum glutinosBerhidi in Borhidi & Kevey

1996. Due to its transitional nature, the coenotaxonomical position of the association has
changedgarlier So6 (1963) assigned them to the riparian forests, whereas recently Borhidi
(1984), Borhidi — Kevey (1996) and Kevey (2008) to the swamp for&ktstéa glutinosae
Austrian literature mentions similar stands also among alder swamp forests, however, the
forests earlier described &arici acutiformis — AlnetunScamoni 1935 are more recently
considered part of the disputably broad associdilarici elongatae — Alnetum glutinosae
Koch et Tx. 1931 s.I. (Willner 2007).

Phytogeographical relationships. The transitional swampy alder forests have been mainly
reported from the widening stream valleys of the Transdanubian part of the Pannonian region
so far, but similar stands also occur in the Szigetkdz area (Kevey 2008). The association has
been only known from a few uncertain hints (So6 1963) in the Sopron area. This association
becomes rare the closer we get to the Alps, further occurrences may be expected towards the
Vienna and Graz Basins. Wallnéfer et al. (1993) mention similar riparian stands from
Karinthia.

5.3.2 Riparian ash-alder forests
(Carici remotae — Fraxinetum Koch ex Faber 1936)

Occurrence, site.lt is a forest type prevalent mainly in the inner Sopron Hills area, along the
upper and middle sections of streams in the vicinity of springs and seepage water. The valley
floor is usually narrow therefore the stands are usually only 15-20 m wide. The stream bed is
shallow, the site is basically defined by the water seeping from the alluvial sediments, but
smaller swamp-like patches can also be found (especially near adjacent spring vegetation).
The valley floors are flooded for a short time several times a year (after spring thaw or heavy
rainfalls). Poor, thoroughly wet alluvial (sometimes even gleyish) soils predominate
consisting of rough debris and stilt.

Structure and species composition. In the canopy layer of the relatively closed sfinds
glutinosa is the dominant species, Buter pseudoplatanuand Fraxinus excelsiolare also
common (sometimes even codominant). The shrub layer cover is insignificant (no typical
shrub species) whereas the diverse herb layer can be characterized mainly with meso- and
hygrophilic speciesGaltha palustris, Carex pendula, Equisetum telmateia, Impatiens noli-
tangere, Petasites albusThe montane character of the stands is emphasized by the sporadic
emergence of some montane speci®orgnicum austriacum, Gentiana asclepiadea,
Lysimachia nemorum, Veronica montana, Stellaria a)jsared the presence of the spruce-
zone mosses.

Constant-subconstant speciesAlnus glutinosa [A] 100Acer pseudo-platanufBC] 73,

Corylus avellana [BC] 73Fraxinus excelsiofBC] 73, Alnus glutinosgdBC] 64, Euonymus
europaeugBC] 64; Stachys sylvatica [C] 10@Galeobdolon montanufC] 91, Carex remota
[C] 82, Dryopteris carthusiana [C] 82Pulmonaria officinalisagg. [C] 82,Aegopodium
podagraria [C] 73Athyrium filix-femina [C] 73Caltha palustrigC] 73, Dryopteris filix-mas
[C] 73, Ranunculus repengC] 73, Impatiens noli-tangergC] 64, Milium effusum[C] 64,

Oxalis acetosella [C] 64Ranunculus lanuginosy€] 64; Hypnum cupressiformfd] 100,

Rhizomnium punctatuf®] 73, Plagiomnium undulaturfD] 64, Brachythecium rivular¢D] 64
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Dominant speciesAlnus glutinosa [A] 82Caltha palustrigC] 9, Impatiens noli-tanger¢C]
9, Petasites albugC] 9

Syntaxonomy, nomenclature. The alder forests of the Sopron Hills that show montane
characteristics were previously described under the Wdnetum glutinosae — incandgr.-

Bl. 1915 (So6 1963, So0 et al. 1969) in Hungarian literature, lat€aasi brizoidis —
Alnetum |. Horvat 1938 em. Oberd. 1953 (Borhidi — Kevey 1996, Kevey 2008). The
occurrences of the riparian ash-alder woods also showing montane charactéetics (
remotae — Fraxineturloch ex Faber 1936) presented an unresolved issue (Kevey 2008). The
similarly situated forests with alike floristic composition are uniformly classifie@asi
remotae — FraxinetunKoch ex Faber 1936 (see Wallntfer et al. 1993, Willner et al. 2002,
Willner 2007) in Austria. With regard to the Central European literature the latter name
should be used in the case of the Sopron Hills stands.

Phytogeographical relationships. Similar riparian alder woods have been described in
several places in the Alp-Pannonian border region. The coenological relevés representing the
nearest similar stands were published from the Vienna Forest (see Wallndfer et al. 1993) and
the Leitha Hills (Hubl 1959, Karrer — Kilian 1990) but the riparian alder woods of the higher
areas of the Kszeg Hills (Szmorad 1994) and the neighbouring Rosalia Hills (Szmorad ined.)
can also partly be assigned to this group. Besides the stands in the Sopron Hills, in Hungary
this association type was only described in the Bakony area (So6 — Zélyomi 1951).

5.3.3 Riparian hornbeam-alder forests 5
(Aegopodio — Alnetum glutinosae V. Kéarpati & I. Kérpati & Jurko ex Som3ak 1961)

Occurence, site. This riparian alder forest type is prevalent along the middle sections of the
stream valleys and the lower sections reaching the outer rim of the hills, adjacent to the
former pedunculate oak-hornbeam stands of the surrounding basins. The valley floor in these
places is usually wider (up to 30-50 m), so more extensive stands can form (e.g. the lower
section of the Aubach). The streams are fast and their bed deeply cut into the alluvium. Site
conditions are less defined by the surface or sub-surface waters (either stagnant or flowing)
rather by the groundwater in the alluvial sediments. Conditions can change only temporarily
and to a small scale after thaw or rainfall. The soils are better developed and structured
colluvial forest soils.

Structure and species composition. The stands are strongly structured vertically including
both the canopy and the shrub layers. In the relatively closed canopyAlayerglutinosa
predominates but there are several other spedesr (psudoplatanus, Acer campestre,
Carpinus betulus, Fraxinus excelsior, Tilia cordata, Salix fragilis, Ulmus glabra) present, as
well. In addition Padus aviumsporadically appears in the lower canopy layer. The most
important components of the shrub layer @onus sanguinea, Corylus avellana, Euonymus
europaeus, Sambucus nigra but in some stands the rBlebafs caesius ariRubus fruticosus

agg. can become more substantbes rubrumandViburnum opulusalso frequently appear

in the lower shrub layer. Due to the moderate hydrological influence the species of the
mesophilic deciduous forest&dgopodium podagraridzaleobdolon montanum, Mercurialis
perennis, Oxalis acetosella, etc.) play a major role in the herb layer, while the importance of
hygrophilic and meso-hygrophilic species decreases.

Constant-subconstant speciesAlnus glutinosgA] 100; Euonymus europae(BC] 83, Acer
pseudo-platanug[BC] 78, Alnus glutinosa [BC] 67;Aegopodium podagraria [C] 89,
Galeobdolon montanurfC] 83, Urtica dioica [C] 83,0xalis acetoselldC] 78, Pulmonaria
officinalis agg. [C] 72,Athyrium filix-femina [C] 67 Ranunculus ficaria [C] 67Impatiens
noli-tangere[C] 67, Milium effusum[C] 67, Polygonatum multifloruniC] 67, Dryopteris
carthusiana [C] 61; Hypnum cupressiforiiy 78
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Dominant speciesAlnus glutinosa [A] 72Corylus avellandBC] 6; Carex brizoidegC] 22,
Aegopodium podagraria [C] 17, Allium ursiny@] 6, Impatiens noli-tangergC] 6

Syntaxonomy, nomenclature. In the Hungarian syntaxonomical system (see So0 1963,
Borhidi — Kevey 1996) the riparian alder forests rich in mesophilic deciduous species
(‘'mixed hornbeam-alder woods') can be identified with the association described under the
nameAegopodio — AlneturglutinosaeV. Karpati & |. Karpati & Jurko ex Somsak 1961.

Of the forest associations described in AustriaRheno-FraxinetumOberd. 1953, found

in hilly or lowland regions, can be considered closest to these stands (Wallnofer et al.
1993, Willner 2007) although these are doubtless a type showing a transition towards
lowland riparian forestslimenion and as such are surely missing from the Sopron Hills.

In order to specify the relationship between these typegdpodio — Alneturglutinosae
andPruno — Fraxinetumfurther investigations based on more extensive data (from larger
areas) are needed.

Phytogeographical relationships. Similar stands can be found in the southern areas of
Slovakia (Michalko 1987), and many regions of the Hungarian Mountains and Western
Transdanubia. The similar stands withremonio — Fagion elements in Southern
Transdanubia, are described under the n@aeci pendulae - Alnetunglutinosae(Kevey
2008). In the vicinity of the study area such stands can be found in tiéehiHeregions
(Kevey 2008) and the Kabold-Fules hill regions (Szmorad ined.) but the alder woods in the
foothills of the Ksszeg Hills (see Szmorad 1994) can also be assigned to this type.

6 CONCLUSIONS

One of the most important results of the analysis is the presence of montane mixed ash-
alder forests Qarici remotae-FraxinetuniKoch ex Faber 1936) showing the influence of

the Alps is verified. These riparian forests related to springs and seepage water sites are
described in the botanical literature from Western and Central Europe (Neuh&uslova-
Novotna 1977, Douda 2008), and the edge of Northern Europe from lIreland (Kelly —
Iremonger 1997) to Lithuania (Prieditis 1997). They always appear under Atlantic and
sub-Atlantic climate influences and despite the similarities of the sites and the
coenological characteristics they form differentiating and distinguishable associations
within a large distribution area (Oberdorfer 1992).

Carici remotae — Fraxineturforests (strictly speaking) were most intensively studied
in Austria (Willner et al. 2002, Willner 2007), the Czech Republic (Neuh&auslova-Novotna
1977, Douda 2008) and Slovakia (Michalko 1987). The differential spe€aseX
remota, Carex pendula, Chrysosplenium alternifolium, Equisetum telmateia, Lysimachia
nemorum, Valeriana dioica, Veronica montandefined for the Austrian stands (see
Willner 2007) are also characteristic of the mixed ash-alder stands of the Sopron Hills and
the occurrences of some montane species in the region are also related to this type of
riparian alder woods.

Most of the stands classified as mixed ash-alder forests have been described under the
namecCarici brizoidis — Alnetum. Horvat 1938 em. Oberd. 1953 in the Hungarian literature.
However, this name is not used for any alder wood associations in any coenological
monographs published in Austria, the Czech Republic and Slovakia; therefore due to the great
similarities (see Borhidi 2003) these two units mostly correspond in the Alpokalja region (the
case of the higher-altitude alder woods of the Hungarian Mountains needs to be further
investigated).
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Concerning the riparian alder woods dominatedhyex brizoidest has to be noted that
their stands are mostly secondary, formed by tHerestation of former meadows. All
examined relevés from the Sopron Hills that cowddabsigned to this type came from sites of
former meadows and similar cases were recorded tiver oCentral European areas
(Neuhauslova-Novotna 1977). On the other hand,dstamith Carex brizoidesdominance
cannot be uniformly assigned to any single aldepdvtype. Their floristic composition
differs corresponding to their site; in most cadey can be classified as either swampy alder
forests or mixed hornbeam-alder forests.

The two other associations are mainly typical te Bannonian Basin; their role and
extent diminishes towards the west. Narrow mountailfeys are not favourable for swampy
alder forests while the mixed hornbeam-alder stammsmon in hills and lower mountains
(described from Austria for the first time in thgsper) are replaced by alder forests with
Alnus incanadominance in higher grounds of the inner Algsjiseto — Alnetum incanae
Moor 1958) (Willner 2007). This spatial patterntbé associations can also be observed in
other regions of the Alpokalja area e.g. in thiskeg Hills.

The coenotaxonomical position of the studied rgrarialder forest associations is
similarly viewed in recent Austrian and Hungariaorks (Willner 2007, Kevey 2008). The
transitional swampy alder forest&rngelico sylvestris — Alnetum glutinosae® assigned to
the alder swamp woods (clas8linetea glutinosgeorder: Alnetalia glutinosae alliance:
Alnion glutinosag while the mixed riparian ash-alder and hornbedaer forests to the
riparian alder woods (clasQuerco-Fageteaorder: Fagetalia sylvaticag alliance: Alnion
incanag. Although the interpretation of these syntaxalightly different in the two countries
there are no open issues concerning the classiincaf the alder woods of the Alpokalja
region.
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