Plant Sociology 60(2) 2023, 71-91 | DOI 10.3897/pls2023602/05

& N
Societd Italiana di Scienza *’*
ml—lﬁ della Vegetazione (SISV) h“",

—_—

Acidophilous grasslands in the Locarnese region
(Southern Switzerland): description and classification of
main plant communities

Daniéle Lagnaz', Giacomo Trotta?*, Patrice Prunier®, Bertil Kriisi', Francesco Boscutti*
1 Institute of Natural Resource Sciences, Zurich University of Applied Sciences, Griiental, 8820 Wiidenswil, Switzerland
2 Department of Environmental and Life Sciences (DSV), University of Trieste, Via Licio Giorgieri 5, I-34127, Trieste, Italy

3 Departement of Nature Management, University of Applied Sciences Western Switzerland, rue de la Prairie 4, Geneva, Switzerland

4 Department of Agricultural, Food, Environmental and Animal Sciences, University of Udine, via delle Scienze 91, I-33100 Udine, Italy

Corresponding author: Dani¢le Lagnaz (daniele.lagnaz@zhaw.ch)

Subject editor: Daniele Viciani ¢ Received 20 November 2022 ¢ Accepted 20 September 2023 ¢ Published 28 December 2023

Abstract

This paper presents a phytosociological study of dry and mesophilous meadows and pastures in the Locarnese region (Insubria
- Southern Switzerland). Seventy-one vegetation relevés were analysed using both hierarchical classification and nonmetric multi-
dimensional scaling (NMDS) ordination. Seven main clusters were identified and described as follows: (i) xerophytic grasslands on
sandy soil dominated by Koeleria macrantha; (ii) mesophilous meadows with Arrhenatherum elatius and Centaurea transalpina; (iii)
semi-dry meadows with Chrysopogon gryllus; (iv) semi-dry grasslands with Carex fritschii and Thalictrum minus; (v) nutrient-poor
Phyteuma betonicifolium-Festuca nigrescens montane zone grasslands; Nardus stricta grasslands dominated by (vi) Festuca panic-
ulata or (vii) Carex pilulifera. From a phytosociological point of view, a new association named Phyteumo betonicifolii-Festucetum
nigrescentis, classified into the Nardo strictae-Agrostion tenuis alliance was proposed. In addition, we confirmed the presence of the

Holco-Chrysopogonetum grylli association, within the Bromion erecti, which up to now was provisional only.
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Introduction

The Semi-natural temperate grasslands are plant commu-
nities that arose from the non-intensive use of pastures
and meadows (Kiister and Keenleyside 2009). Europe-
an semi-dry grasslands are among the most important
hotspots of vascular plant diversity (Wilson et al. 2012).
Grasslands are a prominent feature in present-day land-
scapes, but both the intensification of management prac-
tices and land abandonment during the past decades have
resulted in a widespread loss of traditional grasslands,
their homogenization and a concomitant loss of biodiver-
sity (Poschlod et al. 2009; Prévosto et al. 2011).

The first study on Swiss grassland vegetation was pub-
lished in 1887 by Stebler & Schroter. Since then, studies

have been performed in various regions of Switzerland
(Studer-Ehrensberger 1995). A synthetic overview of me-
sophilous species-rich meadows is provided by Studer-Eh-
rensberger (2000). Literature on Swiss meadows has been
reviewed for the classes Caricetea curvuleae, Elyno-Sesler-
ietea and Molinio-Arrhenatheretea as part of the classifica-
tion system of Swiss plant associations PhytoSuisse (Pru-
nier et al. 2014, 2019). The elaboration of the classification
of mesophilous meadows and pastures is primarily based
on the relevant national literature (Koch 1926; Marschall
1947, 1951; Berset 1965; Dietl 1972, 1983) as well as for
dry meadows (Zoller 1954; Braun-Blanquet 1961, 1976;
Meyer 1976; Delarze 1986; Eggenberg et al. 2001).

In Switzerland, so far, only few studies have dealt with
the flora and vegetation of the Insubrian region South of
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the Alps (Schréter 1936; Oberdorfer 1964; Reisigl 1996).
In particular, Chrysopogon gryllus meadows (Koch 1943;
Meyer 1976, 1977) and grasslands with Festuca panicula-
a (Vittoz et al. 2005) were considered. An overview of
the dry grasslands of the lowlands in the whole Insubrian
range was also provided (Studer-Ehrensberger 1993).

For the Canton of Ticino, early comprehensive studies
were performed by Jaggli (1908) and Bar (1914). Further
studies were carried out by the “Prati magri ticinesi” con-
federation project at the beginning of the 1990s (Anto-
gnoli 1995; Hifelfinger 1996; Pestalozzi 1990). However,
the phytosociological classification of the siliceous com-
munities of the Locarnese region has been neglected so
far (but see Bar 1914; Pestalozzi 1990). Current Swiss ref-
erence literature (Delarze et al. 2015; Prunier et al. 2019)
is accurate for the grassland communities of the northern
Alps, but is incomplete with regard to those in the South-
ern Alps, in particular the meadows and pastures on sili-
ceous soils. Nutrient-poor montane zone grasslands with
Festuca rubra and Agrostis capillaris have already been
described (Thomet et al. 1989; Pestalozzi 1990; Hafelfin-
ger 1996; Studer-Ehrensberger 2000; Dietl in Klotzli et al.
2010) but were not integrated in the current classification
systems in Switzerland (Delarze et al. 2015; Prunier et al.
2019). The same holds true for the xerophytic grasslands
on sandy soils (Studer-Ehrensberger 1993).

This paper proposes a phytosociological overview of
the siliceous meadows and pastures in the foothills and
montane zone of the Locarnese region (200-1,500 m
a.s.l.). The aims of the study were to describe and classify
grassland communities occurring in the area. The study is
expected to shed new light on the phytosociological clas-
sification of these grasslands and to test the occurrence
of new plant associations specific to the Insubrian region.

Materials and methods
Study area

The study area covered approximately 230 km? in the
Canton of Ticino (Fig. 1), including Valle Onsernone,
Valle Vergeletto, the Swiss lakeside of Lago Maggio-
re, Centovalli, the Terre di Pedemonte, and part of the
Valle Maggia. The region is characterized by a complex
dendritic drainage system and steep gradients typical of
mountain regions, which contributes to high landscape
and vegetation diversity in a relatively small area (Spine-
di and Isotta 2004). The altitude ranges from 200 m a.s.l.
(Losone) to 2,187 m a.s.l. (Gridone). Due to the gradual
abandonment of agriculture starting from the 1950s, agri-
cultural surfaces now account for less than 5% of the stud-
ied area (Gianoni et al. 2015).

From a biogeographical point of view, the Locarnese
region is particularly interesting due to its geological and
climatic features. These characteristics result in a unique
floristic diversity that was early recognized (Schroter
1936; Oberdorfer 1964).

From a geological point of view, the Locarnese has a
special position. The Insubric Line, a fault line between
the European and African plates, passes across the Cen-
tovalli. It marks the boundary between the Central Alps
and the Southern Alps and is the southern limit of Al-
pine metamorphism. A mylonite belt surrounds this line,
with ultramafic, mafic and paragneisses to the South,
and gneiss, metagranitoide and mica-slate to the North
(Schmid et al. 1987).

The Insubrian climate (Fig. 2) is characterised by high
annual precipitations (2,060 mm average in Mosogno).
Winters are mild and relatively dry with an absence of
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Figure 1. Study area in the Locarnese region, Ticino - Switzerland. Copyright: data swisstopo, https://map.geo.admin.ch/.
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Figure 2. Thermo-pluviometric diagram for 1991-2020. Average monthly temperature and rainfall in Locarno/Monti, 366 m a.s.l.

Data obtained from the Federal Office of Meteorology and Climatology MeteoSwiss (Ufficio federale di meteorologia e climatologia

MeteoSvizzera 2022a, 2022b)

strong frost, summers are marked by recurrent violent
showers, spring and fall seasons with heavy precipitations
(Spinedi and Isotta 2004; Pautasso 2013; Ufficio federale di
meteorologia e climatologia MeteoSvizzera 2022a, 2022b).

In the foothill zone, forests are composed by deciduous
tree species. Forests dominated by Castanea sativa are the
most abundant and account for 20% of the total forested
area in Ticino (Dipartimento del territorio 2008). On sili-
ceous soil, Quercus sp.-Betula pendula forests, belonging
to the Quercion-robori petraeae alliance, is the potential
natural vegetation. Above an altitude of 800 m a.s.l., the
main forest types are characterised by Fagus sylvatica and
Abies alba (Schmid 1939; Reisigl 1996). Mild winters and
high mean annual rainfall favour the occurrence of subat-
lantic species, e.g. Festuca filiformis, Cytisus scoparius and
Teucrium scorodonia. Submediterrean (e.g. Chrysopogon
gryllus) and mountain plants (e.g. Festuca paniculata) also
contributed to the local flora. Warm temperatures e sum-
mer drought favour also the occurrence of some steppic
plant species from the East, like Thesium linophyllum or
Peucedanum oreoselinum (Koch 1943).

Data collection and analysis

Seventy-one vegetation relevés were analyzed. This includes
70 surveys conducted during spring and summer of 2016
and 2017, as well as one survey from the national inventory
of dry meadows and pastures (Eggenberg et al. 2001).

All relevés were performed using the Braun-Blanquet
approach (Braun-Blanquet 1964). The plots were circular
areas of 25 m” The 70 relevés were selected using a two-
step procedure. First, grassland areas were identified by
combining information from a 1:10,000 national map and
photointerpretation of Swiss aerial images (2004-2006)
(Swiss Confederation geographical information portal).

Subsequently, the grasslands to be studied were selected
along an elevation gradient from 200 to 1,500 m a.s.l,
distributed in the whole area. In Valle Maggia only the
floodplain was considered. Secondly, plots were select-
ed following a preferential design (Caceres et al. 2015).
The plots were selected based on the following criteria:
(i) minimal size of at least 1000 m?; (ii) cover of abandon-
ment indicator species Molinia arundinacea and Pterid-
ium aquilinum < 30%; Location and date of each relevé
are listed in Appendix 1. Plot with high cover values of
Molinia arundinacea and Pteridium aquilinum were not
considered as potentially involved in vegetation dynamics
due to management abandonment, as these two species
have been proved to become invasive during the first stag-
es of mowing abandonment.

The species cover values were transformed into ordi-
nal scale values according to van der Maarel (1979). The
data were analysed by a multivariate approach using both
hierarchical cluster analysis and unconstrained ordina-
tion methods. In order to minimize the influence of occa-
sional species, only species with a frequency higher than
5% were considered. Different asymmetrical association
measures (Chord, Hellinger, Bray-Curtis and Bray-Curtis
log transformed indices) and aggregation methods (Sin-
gle Linkage, Complete Linkage, Average Agglomerative
Clustering and Ward’s Minimum Variance Clustering)
were combined as proposed by Legendre and Legendre
(1998). The choice of the best combination of index and
aggregation methods was performed using cophenetic
correlation analysis (Legendre and Legendre 1998). This
led to the selection of the Bray-Curtis index and the av-
erage agglomerative clustering Weighted Pair-Group
Method (WPGMA) as best combination. Ordination was
performed using nonmetric multidimensional scaling
(NMDS), based on the Bray-Curtis similarity index with
nine dimensions (20 tries, stress = 0.0579).
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Indicators for the four main clusters and eight
sub-clusters were determined using Indicator Species
Analysis (ISA) as proposed by Dufréne and Legendre
(1997) to define the species fidelity values (@) and their
significance. Fidelity values are statistics commonly used
to determine the association between species and vegeta-
tion types, corresponding to the Pearson’s phi coefficient
of association. For the main groups (4 clusters), only
significant species (p-value<0.05) with 10,000 permuta-
tions were considered. For the subset of the sub-groups,
the p-value was increased (p-value<0.1). Species that oc-
curred in at least 75 % of the relevés in the considered
cluster were identified as “high frequency taxa” Species
with cover/abundance indices > 3 in at least one relevé
in the cluster were considered to be “dominant taxa’, as
proposed by Di Pietro et al. (2017). Only species with a
minimum frequency of 20% were listed in the phytoso-
ciological tables for the considered cluster. Sporadic spe-
cies can be found in Appendix II.

Ecological characterization of the clusters was per-
formed using weighted mean indicator values according
to Landolt et al. (2010) for temperature (T), continentality
(K), light (L), moisture (F), soil reaction (R), nutrients (N)
and Humus (H).

Phytosociological attributions of species and floristic
nomenclature were performed according to Flora In-
dicativa (Landolt et al. 2010), supplemented with Chy-
try (2010). Some species were considered as aggregates,
namely Achillea millefolium, Alchemilla vulgaris, Hieraci-

0.9
]

um murorum, Rubus fruticosus and Festuca ovina aggr.,
except for Festuca filiformis. The syntaxonomic system for
Europe, EuroVegChecklist was considered as reference
(Mucina et al. 2016).

Calculation of mean Landolt’s indicator values (Landolt
et al. 2010) was performed using the VEGEDAZ vegeta-
tion database management programme (Kiichler 2019).
All mean relevés values were then plotted with box-plot
representation for each sub-cluster, including also the el-
evation distribution. Soil pH was also qualitatively evalu-
ated at each relevé site by a field colorimetric test applied
to a small surficial soil sample collected on site. pH col-
orimetric method is based on the property of acid-base
indicator dyes, which produce colour depending on the
pH of the soil sample. Statistical analyses were carried out
using R (R Core Team 2023). Similarity matrices, cluster
analysis and ordination were performed using the vegan
R package (Oksanen et al. 2019); Indicator Species Anal-
ysis was performed using the labdv R package (Roberts
2019).

Results and discussion

Overview

The results of the cluster analysis are shown in Figure 3.
The analysis revealed two main groups: group “A” includ-
ed grasslands on sandy soils of floodplains with Koeleria
macranta (O 0.97; p-value<0.001) and Artemisia camp-
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Figure 3. Dendrogramme of 71 phytosociological relevés (Bray-Curtis Index, WPGMA). A: Grasslands with Koeleria macrantha;
B: Grasslands with Festuca nigrescens; Al: Stipo-Poion xerophilae; B1: Arrhenatherion; B2: Bromion erecti; B3: Nardo-Agrostion; a: Poo

bulbosae-Festucetum trachyphyllae; b: Poo bulbosae-Festucetum trachyphyllae, mesophilic variant c: Centaureo transalpinae-Arrhen-

atheretum; d: outlier; e: Holco-Chrysopogonetum grylli; f: Phyteumo-Mesobrometum; g: Phyteumo betonicifolii-Festucetum nigrescen-

tis; h: Carici piluliferae-Nardetum strictae.
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estris (@ 0.80; p-value<0.001); group “B” was composed
by grasslands with the presence of Festuca nigrescens (O
0.70; p-value<0.01). In group “B” it was possible to dis-
tinguish three types of grasslands: group “B1” contained
mesophilous meadows with a high frequency of Arrhen-
atherum elatius (O 0.59; p-value<0.001) and Centaurea
transalpina (@ 0.52; p-value<0.01); group “B2” contained
semi-dry grasslands characterized by Brachypodium rup-
estre (O 0.55; p-value<0.001) and Carex fritschii (O 0.54;
p-value<0.01); and group “B3” contained Nardus stricta
grasslands (® 0.73; p-value<0.001). Based on the chosen
indicators, the clusters were attributed to four alliances:
Stipo-Poion xerophilae (A, five relevés), Arrhenatherion
elatioris (B1, twenty-two relevés) Bromion erecti (eigh-
teen relevés) and Nardo-Agrostion (B3; twenty-six rele-
vés). Furthermore, six associations were determined Poo
bulbosae-Festucetum trachyphyllae (a and b, five relevés),
Centaureo transalpinae-Arrhenatheretum (c, twenty rele-
vés), Holco-Chrysopogonetum grylli (e, five relevés), Phy-
teumo-Mesobrometum, (£, thirteen relevés), Phyteumo be-
tonicifolii-Festucetum nigrescentis, (g, thirteen relevés) and
Carici piluliferae-Nardetum strictae (h, thirteen relevés).
One cluster, in the Arrhenatherion alliance, was considered
to be an outlier (d, two relevés, see Appendix III): one rele-
vé was dominated by Festuca nigrescens with a cover value
of 5, the second one was a very rich meadow on sandy soil.

The ordination diagram obtained using nonmetric
multidimensional scaling (NMDS) calculated along the
first two axes (Fig. 4), showed a distinct grouping along

both axes. The distribution of the grasslands along the
first axis (NMDS 1) was related to the soil pH. Along this
axis, it was possible to notice an increase in species typ-
ical of very acidic soils, such as Carex pilulifera, Vaccini-
um myrtillus and Calluna vulgaris. The distribution of the
clusters along the second axis (NMDS 2) may represent
a gradient of soil humidity with steppic species, like Ar-
temisia campestris and Chrysopogon gryllus, and species
typical of fresh to moderately moist soils, like Narcissus x
verbanensis, Phleum rhaeticum or Stellaria graminea.

Description of the identified
plant communities

POO BULBOSAE-FESTUCETUM TRACHYPHYLLAE
Lonati and Lonati 2007 (Tab. 1)

Characteristic and differential species: Koeleria mac-
rantha, Rumex acetosella.

High frequency Taxa: Artemisia campestris, Carex
caryophyllea, Euphorbia cyparissias, Koeleria macrantha,
Lotus corniculatus, Peucedanum oreoselinum, Plantago
lanceolata, Ranunculus bulbosus, Rumex acetosella, Thy-
mus pulegioides.

Species composition: This community was dominated
by Koeleria macrantha (® 0.88; p-value<0.001) and Peu-
cedanum oreoselinum (® 0.45; p-value=0.07), accompa-
nied by less demanding xerothermophytes, e.g. Hieraci-

Care.lepo Narc.verbé
Vacc.myrt :
Aven lee.rhae Stel.gram
] ie RPara.ﬁlili A Myos.arve
i anu;mon » i
Nard stri AMsia.bifo ALMON Alch.vulg RERAL,
m ote.erec Al - Rumeacetpy, prat
rgsCoPlpoadl  carodn® “Tiprely
3 i Rh)%eto o 0 Arrhelat
(3 " Anth.odory, Care.pair
§ O e Pter-aquﬁlghybn_uzimm \ath.prat ...................................
z [ Galirhubr Plan.lanc
Call.vulg g Fest fili ygégglgolu Poa.angu
| _Brac.fupeCaR R it
Fest.ow@are.cary
L ? Salv.prat
o i.arun :
A e O @ o duster b
- DT Cent.scab
i e?ﬁe“'”““?m e clusterc
er-pl °Diaeca;rt O clusterd
- ®Brom.erec cluster e
] ch | : cluster f
ry-gry A cClusterg
H cluster h
Arte.camp :
I I I
-1 0 1
NMDS1

Figure 4. Ordination diagram of the total 71 relevés (NMDS). a: Poo bulbosae-Festucetum trachyphyllae; b: Poo bulbosae-Festucetum
trachyphyllae, mesophilic variant c: Centaureo transalpinae-Arrhenatheretum; d: outlier; e: Holco-Chrysopogonetum grylli; f: Phyteu-

mo-Mesobrometum; g: Phyteumo betonicifolii-Festucetum nigrescentis; h: Carici piluliferae-Nardetum strictae (for species abbreviations

see Appendix IV).
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Table 1. Poo bulbosae-Festucetum trachyphyllae Lonati et Lonati 2007 .

Relevé number 72 42 8 7 66
Altitude (m a.s.l.) 286 310 230 220 229
Aspect - - - -

Slope (degree) 0 0 0 0 0
Relevé area (m?) 25 25 25 25 25
Species number 21 17 26 25 20
Total coverage (%) . 90 90 90 90

Presence

Characteristic and differential species of Poo bulbosae-Festucetum trachyphyllae
Koeleria macrantha (Lam.) P. Beauv. + 3 1 1
Rumex acetosella L. s.1. . 1 1 2 1

NG, ]

Characteristic species of Stipo-Poion xerophilae and Festucetalia valesiaceae

Achillea collina + 1 1

Festuca ovina aggr. (Festuca trachyphylla R. Tracey pro maxima parte) 2 1

Carex liparocarpos Gaudin . 1 .
Pseudolysimachion spicatum (L.) Opiz . . . +

—_— N W

Characteristic species of Festuco-Brometea and subordinate units .
Artemisia campestris L. s.1. + 2
Carex caryophyllea Latourr. 1 .
Euphorbia cyparissias L. . 1
Lotus corniculatus L. s.l. . 1
Ranunculus bulbosus L. + .
Thymus pulegioides L. . +
Bromus erectus Huds. . .
Dianthus carthusianorum L. s 1. 1 r
Helianthemum nummularium (L.) Mill. + . +
Potentilla neumanniana Rchb. 1 +
Anthericum liliago L.

Centaurea splendens L.

Trifolium montanum L. . . 2
Centaurea scabiosa L. . . + . .
Euphrasia stricta ]. F. Lehm. . . . . 1
Galium verum L. s.1. . . +
Luzula campestris (L.) DC. . . 2 .
Orchis morio L. . . . 1
Orchis ustulata L. . . . r
Salvia pratensis L. . . + .
Thesium linophyllon L. . . . 1
Hypochaeris maculata L. . . . +
Plantago media L. + . . .
Poa angustifolia L. . . . 1

— 4 = =
[ e L e
+ N =+ ==t

[FRI U
+
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Companion species

Koelerio-Corynephoretea and subordinate units
Jasione montana L.

Aira caryophyllea L.

Hypochaeris radicata L.

Sedum sexangulare L. . . . .
Trifolium arvense L. . . . . +

+ =+
+
—_—— W

Molinio-Arrhenatheretea and subordinate units
Plantago lanceolata L. .
Agrostis capillaris L. 2 . . . 1
Anthoxanthum odoratum L. + . 1

Cerastium fontanum subsp. vulgare (Hartm.) Greuter & Burdet . . 1 r

Dactylis glomerata L. . . 1

Erigeron annuus (L.) Desf. s.1. . . . . 1
Festuca nigrescens Lam. . . +

Knautia arvensis (L.) Coult. +

—
—_
+

—

[ SN S E SIS

Other species

Peucedanum oreoselinum (L.) Moench 1 + 2 2 3
Chrysopogon gryllus (L.) Trin. . . 1 2 .
Hypericum perforatum L. . . r . +
Calluna vulgaris (L.) Hull . . . r

Cytisus scoparius (L.) Link /S +

Danthonia decumbens (L.) DC. 1

Echium vulgare L.

Festuca filiformis Pourr. . 1 .

Hieracium pilosella aggr. . . 1

Hieracium piloselloides Vill. . + .

Phyteuma betonicifolium Vill. . . +

Thalictrum minus L. . . +

— e e e e e e BN DO U1
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um pilosella, Galium verum, Thymus pulegioides, Carex
caryophyllea, Potentilla neumanniana and Helianthemum
nummularium. Among the other species, Rumex ace-
tosella (O 0.40; p-value=0.02) and Euphorbia cyparissias
(® 0.90; p-value<0.001) showed significant values for the
ISA. Pioneer grassland on sand species, like Jasione mon-
tana, Trifolium arvense or Aira caryophyllea, and mesic
meadows species, like Achillea millefolium aggr, Planta-
g0 lanceolata were present. The clustering split the com-
munity into two groups. One relevé (number 71) had a
higher cover of Festuca trachyphylla, Aira caryophyllea,
Hypochaeris radicata and typical dry grassland on san-
dy soil species. The others (42, 8, 7, 66) were in differ-
ent secondary transitional stages dominated by semi-dry
grassland species, like Bromus erectus, Lotus corniculatus,
Trifolium montanum and the presence of the protected
species Orchis ustulata and Orchis morio. The number of
species per relevé ranged between 21 and 25, with an av-
erage of 21.8.

Geographic distribution: These grasslands were found
along the Maggia and the Melezza river. This community
can be found in the entire Insubria region from Torino to
Brescia (Studer-Ehrensberger 1993).
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Synecology: The pH ranged between 4.5 and 5.0. The
mean weighted Landolt indicator values were as follows:
temperature (T) 3.58, continentality (K) 3.13, light (L)
3.85, moisture (F) 1.68, soil reaction (R) 2.90 and nutri-
ents (N) 2.13, Humus (H) 2.89 (Fig. 5). The community
is present on silicious stabilized sandy soil. That is no lon-
ger flooded along river terraces, representing a secondary
successional stage maintained by agricultural practices
The altitude in the hillzone ranged from 220 m a.s.l. to
310 m a.s.l. The surfaces were either mowed or extensively
grazed by sheep. Each plot was on a site listed in the na-
tional inventory of dry meadows and pastures.

Syntaxonomical discussion: This plant community is
included to the Stipo-Poion xerophilae alliance by the oc-
currence of Achillea collina, Festuca trachyphylla and Carex
liparocarpos. This plant community was initially described
in Insubria by Studer-Ehrensberger (1993) as the "Jasi-
one montana-Koeleria macrantha community" within the
Koelerio-Phleion alliance. She hypothesized that its pres-
ence was linked to the Insubrian climate. Lonati & Lonati
(2007) identified Poo bulbosae-Festucetum trachyphyllae,
which belongs to the Stipo-Poion carniolicae alliance,
also confined to the Insubrian region with a pronounced
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Figure 5. Boxplots showing the variability of altitude and other environmental indicators (i.e. Landolt's moisture, light, tempera-
ture, continentality, soil reaction, nutrients, humus) for each plant community. The abbreviations used are referred to the following
plant association: Phy-Fes for Phyteumo-Festucetum, Car-Nar for Carici-Nardetum, Cen-Arr for Centaureo-Arrhenatheretum, Hol-
Chr for Holco-Chrysopogonetum, Poo-Fes for Poo-Festucetum and Phy-Mes for Phyteumo-Mesobrometum.
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subatlantic climate. Although Lonati & Lonati (2007) did
not reference Studer-Ehrensberger's work, a comparison
of the species lists and relevé locations suggests that the
Jasione montana-Koeleria macrantha community is syn-
onymous with Poo-bulbosae-Festucetum trachyphyllae.
Both combined a high number of species characteristic of
Festuco-Brometea with species principally occurring in the
Koelerio-Corynephoretea class. Similar meso-xeric grass-
lands had previously been classified as the Jasiono mon-
tanae-Festucetum ovinae association in the Hyperico per-
forati-Scleranthion perennis alliance (Becker et al. 2012)
within the Koelerio-Corynephoretea canescentis class.
According to Chytry (2010), all three alliances share di-
agnostic and constant species, such as Festuca ovina aggr.
(cfr. E trachyphylla), Hieracium pilosella, Jasione montana,
Rumex acetosella, Thymus pulegioides, and Hypericum per-
foratum, all of which are found in our relevés. The high
percentage of semi-dry meadow grasses (Koeleria macran-
tha, Bromus erectus, Carex caryophyllea) in these relevés
brings them closer to the Festuco-Brometea class.

The species in Plot 71 of the inventory of dry grasslands
are very similar to Poo-bulbosae-Festucetum trachyphyl-
lae. However, the data does not specify which species of
Festuca ovina aggr. is present. Festuca trachyphylla could
only be confirmed in our own relevé 42. Relevés 8, 7, and
66 have a much higher proportion of mesophilic species,
which could potentially represent a degradational stage
due to pasture and are considered as a mesophilic variant
without Festuca trachyphylla.

HOLCO-CHRYSOPOGONETUM GRYLLI Lagnaz, Trot-
ta, Prunier, Kriisi et Boscutti 2023 ex Meyer 1976 (Tab. 2)
Lectotypus: Tab. 1, relevé 75 in Meyer (1976)
According to the International Code of Phytosociology
(Theurillat et al. 2021), the name published by Meyer (1976)
is not valid as it is a provisional name (Art. 3b). Therefore,
we propose to validate the original name (Art. 6).
Characteristic and differential species: Brachypodium
rupestre, Chrysopogon gryllus, Danthonia decumbens
High frequency Taxa: Achillea millefolium aggr., Anthe-
ricum liliago, Anthoxantum odoratum, Brachypodium rup-
estre, Carex caryophyllea, Carex pilulifera, Festuca filiform-
is, Lotus corniculatus, Silene nutans, Thymus pulegoides.
Species composition: This community was character-
ised by the dominance of Chrysopogon gryllus (O 0.3;
p-value<0.05) and Anthoxantum odoratum. One relevé
showed dominance of Chrysopogon gryllus combined with
Bromus erectus. Other species with a significant fidelity
according to ISA analysis were Danthonia decumbens (O
0.74; p-value<0.001) and Brachypodium rupestre (O 0.37;
p-value<0.05). The protected species, Serapias vomeracea,
was found in one relevé. Mesophilous meadow species,
like Plantago lanceolata, Centaurea transalpina and Ru-
mex acetosa were combined with typical semi-dry mead-
ow species, such Bromus erectus, Carex caryophyllea, and
Silene nutans. The latter had a higher frequency. The num-
ber of species per relevé ranged between 28 and 35, with
an average of 30.2. One relevé (54) was an outlier with a

dominance of Molinia arundinacea and other fringe veg-
etation species.

Geographic distribution: These grasslands are present
in the Terre di Pedemonte and the outer part of Centovalli.

Synecology: They are present on exposed southern
slopes (max. 30 degrees) in the hill belt of the Terre di
Pedemonte and the outer area of Centovalli. In the Terre
die Pedemonte, the altitude for this plant community
ranged between 373 m a.s.l. and 507 m a.s.l. One relevé
was located in Centovalli at 820 m a.s.l. and the pH was
near 4.5. The Landolt indicator values were as follows:
temperature (T) 3.41, continentality (K) 2.82, light (L)
3.55, moisture (F) 2.37, soil reaction (R) 2.66 and nutri-
ents (N) 2.34 (Fig. 5). The surfaces were a combination of
mowed and extensive pastures.

Syntaxonomical discussion: The association belongs
to the alliance Bromion erecti by the occurrence of the
characteristics species Thymus pulegoides, Silene nutans,
Luzula campestris, Ranunculus bulbosus. In Switzerland,
plant communities with Chrysopogon gryllus are limited
to the Canton of Ticino. Chrysopogon gryllus has a wide
amplitude and can be found also in different xerophytic
communities in the central Alps extending to the Balkans,
where its sociologic optimum occurs in the associations
of the East continental order Festucetalia valesiacae (Ili-
jani¢ & Topi¢, 1989; Redzic, 1999). Chrysopogon gryllus
grasslands in Ticino were first described by Koch (1943),
as Andropogonetum grylli insubricum. It included sili-
ceous and basophilous variants. The author defined Fes-
tuca filiformis, Carex pilulifera, Agrostis capillaris as differ-
ential species for the two variants. Meyer (1976) referred
the two variants to Carici humilis-Chrysopogonetum gry-
Ili (basophilous) and Holco-Chrysopogonetum grylli prov.
(acidophilous). Studer-Ehrensberger (1993) includes Hol-
co-Chrysopogonetum grilli prov. in a new association, Phy-
teumo-Mesobrometum, within Bromion alliance. This at-
tribution can be discussed. The Phyteumo-Mesobrometum
association is characterized by a higher number of spe-
cies in mown meadows, such as Arrhenatherum elatius,
Trisetum flavescens, Cerastium fontanum. Furthermore,
the dominance of Chrysopogon gryllus along with Dan-
thonia decumbens and their absence in the Phyteumo-Me-
sobrometum grasslands validate the association described
by Meyer (1976) Korneck (1978) placed semi-dry mead-
ows on siliceous soils in the Mesobromion alliance. Recent
phytosociological references agree that the Mesobormion
alliance is limited to calcareous soil while dry meadows
on siliceous soil should be placed in the Koelerio-Phleion
alliance (Chytry 2010; Biondi et al. 2014; Mucina et al.
2016). In the Locarnese region, typical species of Koeleri-
on-Phleion are missing. Therefore, we propose to classify
this association within the Bromion alliance. The occur-
rence of many mesophilous species like Brachypodium
rupestre, Holcus lanatus, Lotus corniculatus and Anthox-
antum odoratum are probably due to a legacy of tradition-
al agricultural practices. The reference natural guide of
habitats in Switzerland (Delarze et al., 2015) is limited to
Brachypodium pinnatum and did not consider Brachypo-
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Table 2. Holco-Chrysopogonetum grylli Lagnaz, Trotta, Prunier, Kriisi et Boscutti ex Meyer 1976 .

Relevé number
Altitude (m a.s.l)
Aspect

Slope (degree)
Relevé area (m?)
Species number
Total coverage (%)

54
820

65
445

13 6 14
373 478 507
SO S
30 20
25 25
30 30
100 100

40
25
28
90

25
25
28
90

30
25
35
100

Presence

Characteristic and differential species of Holco-Chrysopogonetum grylli
Danthonia decumbens (L.) DC.

Brachypodium rupestre (Host) Roem. & Schult.

Chrysopogon gryllus (L.) Trin.

Bromion erecti and Brachypodietalia pinnati
Thymus pulegioides L.

Carex caryophyllea Latourr.

Silene nutans L.

Lotus corniculatus L.

Bromus erectus Huds.

Helianthemum nummularium (L.) Mill.
Polygala vulgaris L. s.1.

Luzula campestris (L.) DC.

Ranunculus bulbosus L.

Characteristic species of Festuco-Brometea
Anthericum liliago L.
Briza media L.

Characteristic species Molinio-Arrhenatheretea and subordinate units
Anthoxanthum odoratum L.
Agrostis capillaris L.
Festuca nigrescens Lam.
Holcus lanatus L.

Ajuga reptans L.

Prunella vulgaris L.
Centaurea transalpina DC.
Plantago lanceolata L.
Rumex acetosa L.

Trifolium pratense L.

Characteristic species of Nardetea strictae and subordinate units
Stachys officinalis (L.) Trevis.

Carex pilulifera L.

Carex pallescens L.

Other species

Festuca filiformis Pourr.

Potentilla erecta (L.) Raeusch.
Cruciata glabra (L.) Ehrend.
Hypochaeris radicata L.

Molinia arundinacea Schrank

Carex fritschii Waisb.

Thalictrum minus L.

Clinopodium vulgare L.

Peucedanum oreoselinum (L.) Moench
Veronica officinalis L.

Pteridium aquilinum (L.) Kuhn
Solidago virgaurea L.

Vincetoxicum hirundinaria Medik.
Lathyrus linifolius (Reichard) Béssler
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dium rupestre. Generally, the frequency and dominance
of Brachypodium pinnatum in grasslands is linked to the
intensification of pasture (Ellenberg and Leuschner 2010)
or the abandonment of regular management, meaning
Brachypodium pinnatum grasslands have been consid-
ered to be transitory vegetation stages (Hafelfinger, 1996;
Bonanomi & Allegrezza, 2004). However, Brachypodium

rupestre communities are well known where diverse as-
sociations have been described (Ubaldi 1988, Blasi et al.
2000, Di Pietro et al. 2015, Prunier et al. 2018). Based on
works from Biondi et al. (2005), the Polygalo mediterrane-
ae-Bromion erecti includes mesophilous non-calciphilous
grasslands of the Apennines (Di Pietro et al. 2015). The
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option of creating a new sub-alliance or alliance should be
considered in any further study.

PHYTEUMO-MESOBROMETUM Studer-Ehrensberger
1993 (Tab. 3)

Characteristic and differential species: Carex fritsch-
ii (O 0.50; p-value<0.001), Thymus pulegoides (O 0.22;
p-value<0.1), Thalictrum minus (© 0.30; p-value<0.05)

High frequency Taxa: Luzula campestris, Achillea
millefolium aggr., Brachypodium rupestre, Silene nutans,
Anthoxantum odoratum, Festuca nigrescens, Ranunculus
bulbosus.

Species composition: All the diagnostic species showed
a significant fidelity to this association (Carex fritschii, ®
0.50, p-value<0.001; Thymus pulegoides, ® 0.22, p-val-
ue<0.1; Thalictrum minus, @ 0.30, p-value<0.05). Two
variants could be distinguished: one variant (plots 22, 49,
50, 52) was drier than the second one (plots 11, 16, 17, 19,
33, 37, 53, 57, 59). The first one comprised three mead-
ows of national importance. They contained Festuca ovina
aggr. and a more abundant cover of species typical of dry
grasslands, like Helianthemum nummularium, Dianthus
carthusianorum and Carex caryophyllea and a presence
of very dry indicators, like Sedum annuum and Sedum
telephium. These plots were also characterized by the
presence or dominance of species indicating short-term
abandonment, like Carex pairae, Vincetoxicum hirundina-
ria or dominance of Brachypodium rupestre. The second
variant was characterized by the presence of Carex frits-
chii with a cover abundance between 2 and 3 in all sur-
veys. Anthoxantum odoratum was dominant and species
typical of semi-dry meadows were also present, like Cen-
taurea scabiosa, Arabis hirsuta, Galium verum and Pimp-
inella saxifraga. Species typically from Arrhenatheretelia
like Centaurea transalpina, Galium album, Poa pratensis
were present in the second variant and absent in the first
one. Bromus erectus was present but never dominant. The
protected species, Lilium bulbiferum and Orchis ustulata,
were also found. The number of species per relevé ranged
between 17 and 41, with an average of 31.6.

Geographic distribution: These grasslands had a wide
amplitude and were spread throughout the study area.

Synecology: These grasslands were found on exposed
southern and eastern slopes (from 10 to 45 degrees in
gradient). The altitudes ranged from 334 m a.s.l. to 1274
m a.s.l. The pH ranged between 4.0 and 4.5. The Landolt
indicator values were as followed: temperature (T) 3.35,
continentality (K) 2.98, light (L) 3.56, moisture (F) 2.31,
soil reaction (R) 2.85 and nutrients (N) 2.42, Humus
(H) 3.18 (Fig. 5). Not all the areas seemed to have been
mowed every year. A combination of mowing and grazing
could also be noticed on the field. In some cases, this plant
community can be found on old river terraces.

Syntaxonomical discussion: The association belongs to
the alliance Bromion erecti by the occurrence of the char-
acteristics species Ranunculus bulbosus, Luzula campes-
tris, Silene nutans. Semi-dry grasslands on silicious soils
in Ticino were described by Studer-Ehrensberger (1993)

as Phyteumo-Mesobrometum. She distinguished two sub-
associations: chrysopogonetosum grylli and achilletosum
millefoli. 'The subassociation achilletosum millefoli has
many similarities with the relevés of the Locarnese, as they
share many species (e.g. Phyteuma betoncifolium, Bromus
erectus, Thalictrum minus). The main differences concern
the cover of Bromus erectus and the presence of Carex
fritschii. Bromus erectus is often dominant according to
Studer-Ehrensberger and Carex fristchii is absent. Our
relevés showed a presence of Bromus erectus, but this was
never dominant, unlike Carex fristschii. We consider the
relevés with a high cover of Carex fritschii as a locally vari-
ant associated with specific ecological and management
attributes linked to elevation and mowing frequency.

CENTAUREO TRANSALPINAE-ARRHENATHERE-
TUM Oberd. 1964 nom. mut. prop. Prunier et al. 2019
(Tab. 4)

Original name: Centaurea dubiae-Arrhenatheretum
elatioris Oberdorfer 1964, art. 43

Synonyms: Centaureo carniolicae-Arrhenatheretum ela-
tioris Oberdorfer 1964 corr. Poldini et Oriolo 1994, Arrhen-
atheretum elatioris Pedrotti 1964 non Scherrer 1925, Ar-
rhenatheretum elatioris Buffa et al. 1989 non Scherrer 1925

Lectotypus: Tab. 9, relevé 4 in Oberdorfer (1964) by
Poldini and Oriolo (1994)

Characteristic and differential species: Centaurea
transalpina.

High frequency Taxa: Achillea millefolium aggr., Ar-
rhenatherum elatius, Silene vulgaris, Festuca nigrescens,
Dactylis glomerata, Plantago lanceolata, Anthoxantum
odoratum, Trifolium pratense, Leontodon hispidus.

Species composition: These grass-rich meadows were
generally dominated by Arrhenatherum elatius (O 0.45;
p-value=0.06) and Anthoxanthum odoratum. Centaurea
transalpina was the only other species whit a significant
ISA value (® 0.58; p-value<0.01). Trisetum flavescens was
present in all plots above 650 m a.s.l. but was never dom-
inant. One meadow (relevé 29) showed signs of extensive
management, with a dominance of Chaerophyllum villar-
sii and Thalictrum minus. All plots were characterized by
nutrient rich grassland species, like Dactylis glomerata,
Trifolium repens, Ranunculus friesianus. Agrostis capillar-
is and Viola tricolor indicated soil acidity. The presence
of species from the Southern part of the Alps was typical
for this association, particularly Centaurea transalpina
and Achillea roseo-alba (which was aggregated into Ach-
illea millefolium in the present work). Two variants could
be distinguished: the first one contained meadows (rele-
vés 15, 21, 24, 25, 34, 35, 36) that were more intensively
managed on flat areas or gentle slopes (10-20 degrees)
and was found below 700 m. The number of species was
lower (average 24.7) than the second variant (relevés 2, 3,
9, 10, 12, 20, 23, 47, 48, 51, 58). The second variant had
an average of 31.9 species. These were present on slopes
up to 45 degrees. Some of them were found on formerly
cultivated terraces. In one meadow, we found the local-
ly protected species, Lilium bulbiferum subsp. croceum.
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Table 3. Phyteumo-Mesobrometum Studer-Ehrensberger 1993 .

Relevé number
Altitude m a.s.l.
Aspect

Slope (degree)
Relevé area (m?)
Species number
Total coverage (%)

22

811 1013

SE
30
25
38
100

50

S
10
25
41
90

49

52

1069 911

S
50
25
29
95

SE
30
25
38
95

11
403
S
30
25
20
100

53
849
E
30
25
31
100

16
555
SE
20
25
35
100

17
560
SE
30
25
17
90

33
334
SE
20
25
24
100

37
603
E
20
25
39
100

57
782
SE
45
25
35
100

19
840
SO
45

25

33
100

59
1274
SE
30
25
31
100

Presence

Characteristic and differential species of Phyteumo-Mesobrometum

Thymus pulegioides L.
Thalictrum minus L.
Carex fritschii Waisb.

1

Characteristic species of Bromion erecti and Brachypodietalia pinnati

Luzula campestris (L.) DC.
Silene nutans L.
Ranunculus bulbosus L.
Carex caryophyllea Latourr.
Lotus corniculatus L.

Helianthemum nummularium (L.) Mill.

Bromus erectus Huds.

Helictotrichon pubescens (Huds.) Pilg.

Poa angustifolia L.

Characteristic species of Festuco-Brometea and subordinate units
Achillea collina (Becker ex Wirtg.) Heimerl
Brachypodium rupestre (Host) Roem. & Schult.

Briza media L.

Salvia pratensis L.

Dianthus carthusianorum L. s.1.
Festuca ovina aggr.
Anthericum liliago L.
Hieracium piloselloides Vill.

1
2
2

r

+ N

L

—+ N+

+ .

Characteristic species of Molinio-Arrhenatheretea and subordinate units

Anthoxanthum odoratum L.
Festuca nigrescens Lam.
Leontodon hispidus L.

Viola tricolor L.

Arrhenatherum elatius (L.) J. & C. Presl

Plantago lanceolata L.

Cerastium fontanum subsp. vulgare (Hartm.) Greuter & Burdet

Rumex acetosa L.

Agrostis capillaris L.

Holcus lanatus L.

Dactylis glomerata L.

Trifolium pratense L.

Trisetum flavescens (L.) P. Beauv.
Lathyrus pratensis L.

Silene vulgaris (Moench) Garcke
Veronica chamaedrys L.
Trifolium repens L.
Leucanthemum vulgare aggr.

Other species

Phyteuma betonicifolium Vill.
Clinopodium vulgare L.
Festuca filiformis Pourr.
Galium rubrum L.

Peucedanum oreoselinum (L.) Moench

Rumex acetosella L. s.I.
Cruciata glabra (L.) Ehrend.

Vincetoxicum hirundinaria Medik.

Avenella flexuosa (L.) Drejer
Carex pairae F. W. Schultz
Chrysopogon gryllus (L.) Trin.
Hypericum perforatum L.
Nardus stricta L.

Poa variegata Lam.

Potentilla erecta (L.) Raeusch.
Scabiosa lucida Vill.

Silene viscaria (L.) Borkh.

Vicia sativa subsp. nigra (L.) Ehrh.
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sousearg - These grasslands were generally found above 700 m. They
<+ < T T N0 ININ O NN N
had a high frequency and cover of montane species like
® & Benw8l+ - .+ ot o+ Chaerophyllum villarsii and Phyteuma orbiculare. They
- could be considered as a transitional stage to Centaureo
TEEHRR]S ISES 4+ -+ transalpinae-Trisetetum flavescentis. The number of spe-
- cies per relevé ranged between 11 for the most intensively
USRS 8|~ o - + managed meadow to 35, with an average of 23.8.
- - Geographic distribution: This association is found
=Rl SRR R AR South of the Alps in Ticino and Northern East Italy, from
- Comasco to Friuli (Poldini & Oriolo 1994; Studer-Eh-
— 23 1 0 — . . . .
B T * rensberger 2000; Allegrezza & Biondi 2011) as in Slovenia
- (Velev 2018).
A3 O owawnm + + o+ .
TeZm e Synecology: The pH ranged between 4.5 and 5.0. This
aSmguwns association had a wide amplitude. It was found across the
AR Eaas whole study area in the hill and the lower montane zones
o T at altitudes between 222 m a.s.l. and 1180 m a.s.l. The
a0z o8K3 - — + C 9.
Landolt indicator values were as follows: temperature (T)
2398458 R 3.20, continentality (K) 3.02, light (L) 3.45, moisture (F)
2.66, soil reaction (R) 2.88 and nutrients (N) 2.92, Humus
S8moggs  ~ D (H) 3.20 (Fig. 5). The areas were mowed. It was the only
type of grassland in the study area used for hay production.
2BIILQ| -+ TR Syntaxonomical discussion: The association belongs
to the alliance Arrhenatherion elatioris by the occurrence
K8z2888 - -+ of the characteristic species Arrhenatherum elatius, Silene
vulgaris, Rumex acetosa, Galium album, Viola tricolor, and
— \© =3 . . .
SELRASE et e ke Poa pratensis. Oberdorfer (1964) first described this as-
sociation for the insubrian region. The phytosociological
mRogwad - .+ o . .
—RP0aa~Z attribution of this community was due to the frequent oc-
- - currence of species only present in south side of the Alps,
LomeRLS - — = + - + . . . .
BEEC B like Achillea roseo-alba and Centaurea transalpina. Poldi-
RS ni & Oriolo (1994) distinguished between the Centaureo
0 — . . . .
AR transalpinae- Arrhenatheretum association in the Arrhen-
- O " O atherion alliance and a montane association called Cen-
NP N S -+ + . . ..
taureo transalpinae-Trisetetum flavescentis in the Polygo-
Smomag 4o no-Trisetion alliance, which corresponds to the Trisetetum
flavescentis insubricum subassociation described by Mar-
232z8558 - - ~~ = - -a~ - -« schall (1947) in the Leventina. As most of the diagnostic
species, like Geranium sylvaticum, Heracleum sphondylli-
arzeK8ge e N+ s um and Carum carvi were absent and the Arrhenatherion
species more frequent, this association could be excluded.
PHYTEUMO BETONICIFOLII-FESTUCETUM  NI-
GRESCENTIS ass. nova (Tab. 5, Relevé 41 holotypus)
Characteristic and differential species: Festuca ni-
grescens, Phyteuma betonicifolium, Crocus albiflorus,
Phleum rhaeticum, Poa chaixii, Ranunculus montanus,
Chaerophyllum villarsii.
) = High frequency Taxa: Achillea millefolium aggr., Agros-
= g tis capillaris, Rumex acetosella, Thymus pulegoides.
3 _ = Species composition: All diagnostic species showed a
) 2 | 5 a high fidelity to the association (Festuca nigrescens @ 0.32,
~ N
§ 2 s =8 S p-value<0.05; Phyteuma betonicifolium © 0.32, p-val-
= 5 s EE S35 Hg :
g 2 B i3 ~L S 2E 1e<0.05; Crocus albiflorus, ® 0.29, p-value<0.05; Phleum
g SIS Tee2EJ3458T%
=R ~xi7 fEFETSs8% %"é g rhaeticum, ® 0.40, p-value<0.05; Poa chaixii, ® 0.4; p-val-
% o T e QT TR s s
S -i; o §\§§ §?§ £ Ex EE £58 = 3s £ s 1e<0.05; Ranunculus montanus, ® 0.49, p-value<0.05).
s 5 PR 3 N . .
< |2 S kg E2E 2 g S5 285380 These meadows were characterized by a mix of montane
o 0T 832g g3 ::tQE“*x%R&‘sg . . . ..
5 (623350388 28Sp5pggeges belt mesic meadow species (e.g. Chaerophyllum villarsii,
S [E223258E5 SESSSS2RES853 Phleum rhaeticum), montane and subalpine belt mat-grass



84 Daniéle Lagnaz et al.: Acidophilous grasslands in the Locarnese region (Southern Switzerland)

dry pasture species (Nardus stricta, Avenella flexuosa, Stel-
laria graminea), and meso-xerophytic grassland species
(e.g. Thymus pulegoides, Silene nutans, Lotus corniculatus,
Ranunculus bulbosus). In many relevés Festuca nigrescens
was dominant. Two variants were distinguished. In the
first one (5, 18, 27, 28, 39, 41) Festuca nigrescens was al-
ways present and was dominant in half of the relevés. Two
protected species were found in the first variant: Lilium
bulbiferum and Narcissus verbanensis. In the second vari-
ant (43, 44, 46, 60, 61, 64, 68) there was a higher frequency
of species typical of Nardus stricta grasslands, like Nardus
stricta, Carex pallescens, Alchemilla hybrida aggr., Galium
rubrum, Poa chaixii. The number of species per relevé
ranged between 19 and 44, with an average of 30.5.

Geographic distribution: The first variant included
four relevés from the Centovalli, one from the lakeside
and one from the Onsernone Valley. The second variant
included four relevés from the Onsernone valley and
three from the Vergeletto valley.

Synecology: Grasslands belonging to the first variant
were North facing and at altitudes ranging from 747 m
a.s.l. to 1050 m a.s.l. The ones in the second variant were
found in the upper mountain belt and were mostly South
facing. The altitude ranged from 1100 to 1,465 m a.s.l. The
pH ranged between 4.0 and 4.5. The Landolt indicator
values were as follows: temperature (T) 2.92, continental-
ity (K) 2.95, light (L) 3.36, moisture (F) 2.63, soil reaction
(R) 2.59 and nutrients (N) 2.55, Humus (H) 3.31 (Fig. 5).
The new association is consistent with other Festuca ru-
bra and Agrostis capillaris meadows as traditional com-
munities of hay meadows in central Europe (Studer-Eh-
rensberger 2000, Poschlod et al. 2009). They are linked to
extensive management without or with very little fertili-
sation, on nutrient poor soils. In our relevés, some were
only mowed, but most of them exhibit a combination of
extensive grazing and mowing. One of them (relevé 44)
seemed abandoned or at least was no longer maintained
on a regular basis and had a high cover of Vincetoxicum
hirundinaria.

Syntaxonomical discussion: The association is includ-
ed in the alliance Nardo strictae-Agrostion tenuis by the
occurrence of the characteristic species Avenella flexuosa,
Phyteuma betonicifolium, Carex pallescens, Poa variega-
ta. In Ticino, Festuca rubra-Agrostis capillaris meadows
have been described by different authors (Pestalozzi 1990,
Hifelfinger 1996, Studer-Ehrensberger 2000, Dietl in
Klotzli et al. 2010). Dietl in Kl6tzli et al. (2010) and Stud-
er-Ehrensberger (2000) agree that the classification of
these grasslands is difficult because of their intermediate
position between well-defined alliances (Arrhenatherion,
Polygono-Trisetion, Mesobromion, Nardus grasslands),
which leads to a lack of diagnostic species. The attribution
of this plant community is complicated by the fact that
there are several approaches to classifying alliances within
the Nardetalia order. Some consider two separate allianc-
es Violion and Nardo-Agrostion to be in the same order
(Mucina et al. 1993, Chytry 2010, Mucina et al. 2016).
Others consider the two alliances to be in separate orders

(Biondi et al. 2014), or none of them (Delarze et al. 2015).
The ordination diagram (Fig. 4) confirms the intermedi-
ate position of these grasslands between the Nardo-Agros-
tion and the Arrhenatherion. However, the cluster analysis
(Fig. 3), clearly positions these surveys in relation to the
Nardo-Agrostion grasslands.

We could consider placing these grasslands in the Vi-
olion alliance (acidophilous nutrient poor grasslands),
as our relevés have a lot of species in common with the
Polygalo-Nardetum described in Friuli (Poldini & Orio-
lo, 1997). The fact that Nardus stricta should be dominant
in this association (Poldini & Oriolo 1997; Chytry 2010)
and was not in our surveys, and the fact that Violion oc-
curs mostly in lowland to submontane belts, led us to fol-
low Mucina et al. (2016) and classify it within the Nar-
do-Agrostion.

CARICI PILULIFERAE-NARDETUM STRICTAE Mar-
schall and Dietl 1974 (Tab. 6)

Synonyms: Nardetum alpigenum ss-ass. a Carex pilu-
lifera et Polygala serpyllifolia Berset 1969, Omalotheco syl-
vaticae-Nardetum strictae Gillet in Ferrez et al. 2011

Characteristic and differential species: Carex pilulif-
era, Nardus stricta.

High frequency Taxa: Carex pilulifera, Nardus stricta.

Species composition: Avenella flexuosa, Carex pilulifera
(® 0.55; p-value<0.1), Festuca filiformis, Nardus stricta (O
0.61; p-value<0.01) were the dominant species. Three vari-
ants could be distinguished: the first one (relevés 4, 62, 63)
presented several semi-dry meadow species like Festuca
ovina aggr., Helianthemum nummularium, Thymus pule-
goides and Silene nutans. The second variant (relevés 1,
26, 32, 38, 40, 67, 70, 71) was very poor in species (mean
16), mostly dominated by Carex pilulifera or Nardus stric-
ta (cover-abundance 4 or 5), the third characherized by
dominance of Festuca paniculata (cover-abundance 3,
resp. 4) and Festuca filiformis. The number of species per
relevé ranged between 7 and 34, with an average of 17.1.

Geographic distribution: Carici piluliferae-Nardetum
strictae was present throughout the whole studied area,
except from the Vergeletto Valley. One relevé was from
Pizzo Leone, five from the Onsernone Valley and five from
Centovalli and two on the lakeside of Lago Maggiore.

Synecology: These grasslands were mostly on exposed
southern slopes at altitudes between 989 to 1,498 m a.s.l.
The slopes varied from flat to 40 degrees. With a mean of
26 species, the first variant had significantly more species
than the second variant and third variant. Two of them
belong to the federal inventory of dry meadows and pas-
tures of national importance. The Landolt indicator val-
ues were as follows: temperature (T) 2.95, continentality
(K) 2.78, light (L) 3.37, moisture (F) 2.57, soil reaction (R)
2.26, nutrients (N) 2.38 and Humus (H) 3.33 (Fig. 5).

Syntaxonomical discussion: The association is includ-
ed in the alliance Nardo strictae-Agrostion by the high
frequency and abundance of Phyteuma betonicifolium,
Festuca nigrescens, and Carex pallescens. The Nardus-rich
grasslands in Ticino are well known. Bar (1914) described
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Table 5. Phyteumo betonicifolii-Festucetum nigrescentis ass. nova

Relevé number 27 28 39 41 5 18 68 64 46 43 44 60 61
Altitude m a.s.l. 1050 899 978 927 924 747 1465 1342 1115 1261 1100 1406 1384
Aspect NE N E NO E NO S S S S S E S
Slope (degree) 45 20 20 20 15 30 25 40 10 20 45 30 40
Relevé area (m?) 25 25 25 25 25 25 25 25 25 25 25 25 25
Species number 2222 25 29 44 36 19 37 24 33 34 31 40

Total coverage (%) 100

100

100

100 100 100

90

100

100

100

100

100

100

Presence

Characteristic and differential Phyteumo betonicifolii- Festucetum nigrescentis

Phyteuma betonicifolium Vill.

Festuca nigrescens Lam. 2
Poa chaixii Vill. +
Chaerophyllum villarsii W. D. ]. Koch

Ranunculus montanus aggr.

Crocus albiflorus Kit. .
Phleum rhaeticum (Humphries) Rauschert +

Characteristic species of Nardo strictae-Agrostion and Nardetalia
Carex pallescens L. .
Avenella flexuosa (L.) Drejer 2
Paradisea liliastrum (L.) Bertol.

Stellaria graminea L. +
Carex pilulifera L. 2
Galium pumilum Murray r
Poa variegata Lam. .
Stachys officinalis (L.) Trevis. r
Viola canina s.l. 1

Characteristic species of Nardetea strictae and subordinate units
Nardus stricta L. .
Alchemilla hybrida aggr. sensu K. Lauber r

1
3
+

N+ -

Characteristic species of Molinio-Arrhenatheretea and subordinate units

Achillea millefolium aggr. 1
Agrostis capillaris L. 1
Veronica chamaedrys L. 1
Silene vulgaris (Moench) Garcke

Anthoxanthum odoratum L. 1
Dactylis glomerata L.

Trifolium pratense L.

Viola tricolor L.

Cerastium fontanum subsp. vulgare (Hartm.) Greuter & Burdet

Rumex acetosa L.

Trisetum flavescens (L.) P. Beauv.

Leontodon hispidus L.

Plantago lanceolata L.

Trifolium repens L.

Narcissus verbanensis (Herb.) M. Roem.

Characteristic species of Festuco-Brometea and subordinate units
Thymus pulegioides L.

Luzula campestris (L.) DC.

Briza media L.

Carex caryophyllea Latourr. .
Brachypodium rupestre (Host) Roem. & Schult. 3
Silene nutans L. r
Festuca ovina aggr.

Lotus corniculatus L. s.1. .
Polygala vulgaris L. s.l. r
Ranunculus bulbosus L.

+

Other species

Rumex acetosella L. s.l. .
Potentilla erecta (L.) Raeusch. 2
Festuca filiformis Pourr.

Galium rubrum L.

Vincetoxicum hirundinaria Medik.

Thalictrum minus L.

Veronica officinalis L. +
Hypericum perforatum L.

Carex fritschii Waisb.

Solidago virgaurea L.

Arabis ciliata Clairv.

Rosa spec.
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Table 6. Carici piluliferae-Nardetum strictae Marschall and Dietl 1974 .

Relevé number 31 55 4 62 63 1 38 26 40 32 67 70 71
Altitude m a.s.l. 1496 1013 - 1273 1243 1044 1012 1060 989 1498 1425 1101 1037
Aspect s SO - S SO SE SE SE NE y SO N S

Slope 30 30 - 25 0 45 40 10 45 10 10 20 0 ©
Relevé area (m?) 25 25 25 25 25 25 25 25 25 25 25 25 25 g
Species number 21 19 22 34 25 16 9 14 12 7 9 15 19 %
Total coverage (%) 100 95 100 95 100 100 100 100 100 100 100 100 100 &
Characteristic and differential species of Carici piluliferae-Nardetum

Carex pilulifera L. 1 1 3 1 1 5 5 1 2 2 1 2 1 13
Nardus stricta L. . 2 3 1 2 1 1 4 3 4 4 1 2 12
Characteristic species of Nardo strictae-Agrostion and Nardetalia

Avenella flexuosa (L.) Drejer 1 . . + + 2 3 2 2 1 8
Phyteuma betonicifolium Vill. + 1 + + + + . + 8
Festuca nigrescens Lam. + 1 2 + 1 + 6
Carex pallescens L. . + + + + 4
Poa variegata Lam. 2 2 2
Danthonia decumbens (L.) DC. r 1
Cytisus scoparius (L.) Link /S 2 1
Characteristic species of Nardetea strictae and subordinate units

Luzula campestris (L.) DC. r + 1 3
Characteristic species of Juncetea trifidii and subordinate units

Festuca paniculata (L.) Schinz & Thell. 4 3 2
Hieracium lactucella Wallr. + 1
Characteristic species of Festuco-Brometea and subordinate units

Anthericum liliago L. . . + . . + o+ + + 5
Thymus pulegioides L. . 1 1 2 2 . + 5
Carex caryophyllea Latourr. 1 2 1 4
Festuca ovina aggr. 1 2 2 2 . 4
Helianthemum nummularium (L.) Mill. . 1 2 + + 4
Silene nutans L. . 1 1 + + . 4
Brachypodium rupestre (Host) Roem. & Schult. . 1 1 1 3
Briza media L. 1 + + . 3
Lotus corniculatus L. s.1. + + . . + 3
Ranunculus bulbosus L. . 1 + 1 3
Veronica chamaedrys L. . + 1
Characteristic species of Molinio-Arrhenatheretea and subordinate units

Anthoxanthum odoratum L. . 1 1 . . . . . 1 1 + . 5
Leontodon hispidus L. + . + + + . . . . . . . 1 5
Rumex acetosa L. . + 1 + + + 5
Poa chaixii Vill. . + + + + 4
Plantago lanceolata L. + + + 3
Silene vulgaris (Moench) Garcke . + 1
Viola tricolor L. . 1 1
Holcus lanatus L. . + 1
Rorippa stylosa (Pers.) Mansf. & Rothm. + 1
Other species

Festuca filiformis Pourr. 1 3 1 1 1 + 1 1 . 2 3 10
Potentilla erecta (L.) Raeusch. + + + + 1 r + + 8
Veronica officinalis L. . + + + . + + 5
Calluna vulgaris (L.) Hull 1 1
Galium rubrum L. 1 1
Pteridium aquilinum (L.) Kuhn 1 1
Vaccinium myrtillus L. 1 1
Vaccinium vitis-idaea L. r 1
Rubus fruticosus aggr. sensu Landolt /S + 1

them as “Nardus-desert’, in reference to the low number
of species. In Europe, not much literature can be found
about this association. Only the French prodrome and the
swiss reference system retain it (de Foucault 2012; Pru-
nier et al. 2019). Most of the descriptions are related to
the Jura region (Gallandat et al. 1995; Vittoz 1998; Ferrez
et al. 2011). The first variant (relevés 4, 62, 63) is clearly
distinguished from the second (relevés 1, 26, 32, 38, 40,

67, 70, 71) by the presence of xero-termophilic species,
such as Festuca ovina aggr. and Thymus pulegoides. An
affiliation to the association Thymo-Festucetum was an
option. However, the Indicator Species Analysis (ISA) did
not showed statistically significant values. For this reason,
these surveys were not separated from the other Nardus
grasslands.
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Conclusions

This study has contributed to providing new phytoso-
ciological knowledge for a region that has been poorly
studied. We found six associations distributed in four
alliances and three classes (Tab. 7). It has confirmed the
existence of secondary grasslands in riverbeds, Poo bul-
bosae-Festucetum trachyphyllae. It has also confirmed the
presence of two of semi-dry grasslands on siliceous soils,
Holco-Chrysopogonetum grylli, which has been, until now,
provisional association and Phyteumo-Mesobrometum.
This study has also contributed to a better understand-
ing of the phytosociological attribution of nutrient-poor
montane grasslands, with the description of the novel
association Phyteumo betonicifolii-Festucetum nigrescen-
tis, in the Nardo-Agrostion alliance. The most widespread
plant community was the Centaureo transalpinae-Arrhen-
atheretum association, within the Arrhenatherion alliance.

Table 7. Synoptic table .

Unlike the northern Alps, where this alliance is replaced
by Polygono-Trisetion at around 700 m a.s.l., it has been
found up to 1,180 m a.s.l. on South-facing slopes. Also
represented throughout the study area, Carici pilulifer-
ae-Nardetum strictae have been found on very acidic soils
at altitudes ranging from 989 m a.s.l. to 1,425 m a.s.l

A further consideration about dry grassland com-
position and conservation concerns the frequency and
abundance of Brachypodium rupestre. This species result-
ed dominant in some stands across different investigated
plant communities suggesting for its plausible encroach-
ment behaviour, especially where a regular mowing or
grazing is missing.

Since the number of surveys is low for some plant
communities, future studies should also shed light on the
attribution of grasslands with Festuca paniculata and con-
firm the presence of the Thymo-Festucetum association
within the Nardo-Agrostion alliance.

Class (FB: Festuco-Brometea, MA: Molino-Arrhenatheretea, NS: Nardetea strictae) FB FB FB MA NS NS
Association PoFe  HoCh  ThCa CeAr PhFe CaNa
Relevés numbers 5 5 13 20 13 13
Characteristic and differential species of Poo bulbosae-Festucetum trachyphyllae (PoFe)

Koeleria pyramidata (Lam.) P. Beauv. 100 0 8 0 8 0
Rumex acetosella L. s.1. 80 40 54 35 38 38
Characteristic and differential species of Holco-Chrysopogonetum grylli (HoCh)

Brachypodium rupestre (Host) Roem. & Schult. 0 100 77 15 46 23
Danthonia decumbens (L.) DC. 20 100 8 0 8 23
Chrysopogon gryllus (L.) Trin. 40 80 23 0 0 0
Characteristic and differential species of Phyteumo-Mesobrometum (PhMe)

Thymus pulegioides L. 80 100 100 65 92 38
Thalictrum minus L. 20 40 92 55 46 15
Carex fritschii Waisb. 0 40 85 35 23 0
Characteristic and differential species of Centaureo transalpinae-Arrhenatheretum (CeAr)

Centaurea transalpina (Schleich. ex DC.) Nyman 0 40 15 70 0 0
Characteristic and differential species of Phyteumo betonicifolii-Festucetum nigrescentis ass. nova (PhFe)

Phyteuma betonicifolium Vill. 20 20 62 55 92 62
Festuca nigrescens Lam. 20 60 77 90 85 62
Poa chaixii Vill. 0 0 15 10 85 31
Ranunculus montanus aggr. 0 0 0 5 54 0
Chaerophyllum villarsii W. D. J. Koch 0 0 0 30 54 8
Crocus albiflorus Kit. 0 0 8 10 46 8
Phleum rhaeticum (Humphries) Rauschert 0 0 0 0 46 8
Characteristic and differential species of Carici piluliferae-Nardetum (CaNa) 0

Carex pilulifera L. 0 60 8 5 31 100
Nardus stricta L. 0 23 0 69 92
Festuco-Brometea and affiliates

Carex caryophyllea Latourr. 80 80 54 20 54 31
Lotus corniculatus L. s.. 80 80 54 40 38 23
Ranunculus bulbosus L. 80 40 77 40 23 23
Helianthemum nummularium (L.) Mill. 60 60 54 5 8 31
Bromus erectus Huds. 60 60 38 5 0 0
Silene nutans L. 0 80 77 15 46 31
Luzula campestris (L.) DC. 20 40 85 65 69 23
Anthericum liliago L. 40 80 23 0 8 38
Dianthus carthusianorum L. s.1. 60 20 46 5 8 15
Briza media L. 0 60 54 20 54 23
Festuca ovina aggr. 40 20 38 0 46 31
Salvia pratensis L. 20 0 54 20 0 0
Potentilla neumanniana Rchb. 60 0 0 0 0 0
Poa angustifolia L. 20 0 23 25 0 0
Trifolium montanum L. 40 0 0 5 0 0
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Table 7. Continuation.

Class (FB: Festuco-Brometea, MA: Molino-Arrhenatheretea, NS: Nardetea strictae) FB FB FB MA NS NS
Association PoFe HoCh ThCa  CeAr PhFe  CaNa
Relevés numbers 5 5 13 20 13 13
Veronica chamaedrys L. 0 0 31 55 69 15
Viola canina s.1. 0 20 8 5 23 0
Helictotrichon pubescens (Huds.) Pilg. 0 0 23 20 0 0
Silene viscaria (L.) Borkh. 0 0 23 0 0 0
Molinio-Arrhenatheretea and affiliates

Achillea millefolium aggr. 60 80 85 100 92 8
Dactylis glomerata L. 20 0 38 95 62 0
Plantago lanceolata L. 80 40 62 95 23 23
Anthoxanthum odoratum L. 40 100 77 90 62 38
Silene vulgaris (Moench) Garcke 0 20 31 80 69 23
Leontodon hispidus L. 0 0 69 75 31 38
Rumex acetosa L. 0 20 38 70 85 0
Trisetum flavescens (L.) P. Beauv. 0 0 38 70 38 8
Cerastium fontanum subsp. vulgare (Hartm.) Greuter & Burdet 40 0 54 60 38 8
Trifolium repens L. 0 0 23 55 23 8
Ranunculus acris L. 0 0 0 55 0 0
Holcus lanatus L. 0 60 46 50 8 8
Agrostis capillaris L. 40 60 46 45 92 15
Viola tricolor L. 0 0 69 40 46 15
Leucanthemum vulgare aggr. 0 20 23 40 8 0
Lathyrus pratensis L. 0 0 31 30 8 0
Poa pratensis L. 0 0 15 30 8 0
Lolium perenne L. 0 0 0 30 0 0
Ranunculus friesianus Jord. 0 0 0 25 8 0
Prunella vulgaris L. 0 40 0 25 0 0
Hypochaeris radicata L. 20 60 15 15 8 15
Ajuga reptans L. 0 40 8 5 0 0
Rorippa stylosa (Pers.) Mansf. & Rothm. 0 0 0 5 0 8
Nardetea strictae and affiliates

Avenella flexuosa (L.) Drejer 0 20 23 5 38 62
Carex pallescens L. 0 40 8 25 69 31
Alchemilla hybrida aggr. sensu K. Lauber 0 0 8 0 38 15
Polygala vulgaris L. s.l. 0 60 8 10 31 15
Stachys officinalis (L.) Trevis. 0 80 15 5 23 15
Stellaria graminea L. 0 0 0 20 31 9
Galium pumilum Murray 0 0 15 10 31 0
Scabiosa lucida Vill. 0 20 23 15 15 8
Other species

Peucedanum oreoselinum (L.) Moench 100 40 38 30 8 0
Festuca filiformis Pourr. 20 100 46 0 46 77
Potentilla erecta (L.) Raeusch. 0 80 23 40 62 62
Galium rubrum L. 0 20 46 5 46 23
Veronica officinalis L. 0 40 8 10 38 38
Vincetoxicum hirundinaria Medik. 0 40 31 0 46 15
Clinopodium vulgare L. 0 40 46 25 15 0
Pteridium aquilinum (L.) Kuhn 0 40 0 5 8 15
Cruciata glabra (L.) Ehrend. 0 60 31 10 8 0
Hypericum perforatum L. 40 0 23 5 31 8
Calluna vulgaris (L.) Hull 20 0 0 0 0 23
Hieracium pilosella aggr. 20 20 23 0 0 15
Rubus fruticosus aggr. sensu Landolt /S 0 20 0 0 0 15
Festuca paniculata (L.) Schinz & Thell. 0 20 0 0 0 23
Hieracium lactucella Wallr. 0 0 8 0 8 8
Vaccinium myrtillus L. 0 0 0 0 8 23
Cytisus scoparius (L.) Link 20 0 0 0 0 8
Molinia arundinacea Schrank 0 40 8 5 8 8
Carex pairae F. W. Schultz 0 0 23 45 0 0
Solidago virgaurea L. 0 40 0 5 23 0
Rosa spec. 0 20 15 0 23 0
Lathyrus linifolius (Reichard) Béssler 0 40 0 10 8 0
Vaccinium vitis-idaea L. 0 0 0 0 0 8
Arabis ciliata Clairv. 0 0 8 5 23 9
Aira caryophyllea L. 40 0 0 0 0 0
Mpyosotis arvensis Hill 0 0 8 25 0 0
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Syntaxonomic scheme

FESTUCO VALESIACAE-BROMETEA ERECTI Br.-BL
& Tiixen ex Br.-Bl. 1949

BRACHYPODIETALIA PINNATI Korneck 1974
Bromion erecti Koch 1926

Holco-Chrysopogonetum grylli Lagnaz, Trotta, Prunier,
Kriisi et Boscutti 2023 ex Meyer 1976
Phyteumo-Mesobrometum Studer-Ehrensberger, 1993
FESTUCETALIA VALESIACEAE Br.-Bl. et Tiixen ex Br.-
BI. 1949

Stipo-Poion xerophilae Br.-Bl. & Richard 1949

Poo bulbosae-Festucetum trachyphyllae Lonati & Lonati, 2007

MOLINIO-ARRHENATHERETEA Tiixen 1937
ARRHENATHERETALIA ELATIORIS Tiixen 1931
Arrhenatherion elatioris Koch 1926

Centaureo transalpinae-Arrhenatheretum Oberd. 1964
nom. mut. prop. Prunier et. al 2019

NARDETEA STRICTAE Rivas Goday in Rivas Goday &
Rivas-Martinez 1963

NARDETALIA Preising 1950

Nardo strictae-Agrostion tenuis Sillinger 1933
Phyteumo betonicifolii-Festucetum nigrescentis ass. nova
Carici piluliferae-Nardetum strictae Marschall and Dietl 1974
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