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ABSTRACT

During a mire vegetation study, conducted mainly in the subalpine-alpine sector of the Western Italian Alps, the ecology of sev-
eral plant communities and numerous moss species of this kind of vegetation was evaluated. The study area covered the Piedmontese
sector of the Graian Alps, the eastern sector of the Aosta Valley as well as certain localities of the Pennine Alps, the Canavese dis-
trict and the Maritime Alps. They have a rocky substratum representative of the various regional lithologies and include the main
sectors characterised by the highest precipitation. Three hundred and twenty two relevées were made using the phytosociological
method and the pH and the conductivity of the water table and its depth were measured directly. Cluster Analysis allowed a classifi-
cation of the samples and the identification of various groups of plant communities. Ordination performed by DCA and CCA allowed
us to identify the ecological features of the various plant communities by using the values of the main environmental parameters,
measured directly in the field, and certain climatic parameters (altitude and mean annual precipitation) available. The use of cli-
matic parameters is an important result for identifying communities which show greater oceanicity, something that is underlined also
by the presence of indicator species such as Sphagnum papillosum and S. subnitens. Furthermore the communities are arranged in a
"poor-rich" gradient, and are also profoundly influenced by depth to water table which is inversely correlated to the pH. Therefore
we find certain kinds of communities all with a very low water table and which are little affected by its chemistry. Other groups share
the fact that the water table is outcropping or near the surface and are distinguishable for their pH values and conductivity. We dis-
cuss the different response of the bryophytes and vascular plants of these communities to the environmental parameters considered,
in light of their anatomic and functional differences. Bryophytes are more sensitive to environmental and climatic parameters whilst

vascular plants are mostly ubiquitous in the relevées with a greater ecological plasticity.
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1. INTRODUCTION

Water chemistry and depth to the water table are im-
portant for determining ecological niches of plant spe-
cies present in mires (Andrus et al. 1983; Bragazza
1999, 1997; Gerdol 1995; Malmer 1993, 1986; Okland
1990; Duenhofen & Zechmeister 2000). Higher plants,
as a result of their root anatomy, the positions of the
meristem tips and their resistance to acidic environ-
ments, often have a broader ecological niche than bryo-
phytes which are more sensitive to variations in these
parameters (Malmer 1994).

Sphagna, which are a major feature of mire plant
communities along with other bryophytes, are linked not
only to water chemistry and to the depth to the water ta-
ble but also to the oceanicity-continentality climatic
gradient (Gignac 1993; Gignac et al. 1991; Gignac &
Vitt 1990).

Numerous works have been recently published on
the Southern Italian Alps which have studied plant
communities with reference to the various gradients for
water table depths, pH variation and the availability of
nutrients, and often considering the hydrology of the
wetlands (Gerdol 1990, 1995; Bragazza & Gerdol 1996,
1999; Bragazza 1997, 1999; Zavagno et al. 2001).

In the Western Italian Alps these plant communities
have been little studied and only considering purely

phytosociological aspects and therefore require further
study (Montacchini 1986-87; Montacchini et al. 1982;
Rey 1990; Miserere et al. 1997/98; Miserere et al.
1998). As part of a doctorate thesis a study was made on
mire vegetation which has allowed an evaluation of the
ecology of certain plant communities and of numerous
characteristic moss species on the basis of the chemical-
physical data of the water table as well as climatic ones
(Miserere 2000; Miserere et al. 2002).

2. METHODS

The study areas are located in the Piedmontese sec-
tor of the Graian Alps (Lanzo Valleys and Locana Val-
ley), in the Eastern part of the Aosta Valley (Champor-
cher, Champdepraz and Gressoney Valleys) as well as
some other localities of the Pennine Alps (Sesia Valley)
and the Canavese district. Furthermore certain areas of
the Biella district and, much further south, of the Mari-
time Alps (Pesio Valley) were considered (Fig. 1). In
the Western Italian Alps, the study areas have a rocky
substratum which is representative of the wvarious
lithologies, and furthermore, are the main sectors with
high precipitation levels.

Three hundred and twenty two relevées were taken
using the phytosociological method, conducting for
each of them direct measurements of the main environ-
mental parameters. The measurement of the pH and the
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Fig. 1. Distribution of the localities where relevées were made in the Western

Italian Alps.

conductivity of the water table were made in the field,
using pH-meters and portable conductivity meters
(WTW) equipped with thermo compensated probes, as
well as the measurement of the depth to the water table.
The depth to the water table was assessed by using a
steel screw probe, by estimating to what depth from the
surface there remained traces of wet peat in the threads.
As far as climatic parameters are concerned, we consid-
ered literature data, the mean annual precipitation
(Biancotti et al. 1998) and altitude for its correlation
with mean annual temperatures, which are not all avail-
able for the sampling locations considered.

The matrix of the data, obtained with the cover
values of the species has been analysed statistically,
with the Cluster Analysis (CA). Thus, by using average
linkage method (UPGMA) and the "chord distance" as
an algorithm of distance, has allowed a classification of
the relevées and the identification of the plant commu-
nities (Orloci 1978; Podani 1994). The species mean
values of the main groups obtained from the first analy-

sis have been classified with the same method a second
time. This second cluster shows the high hierarchical
levels of the dendrogram on 322 relevées in a more
simple way (Fig. 2).

Later, to determine the relationships between the
identified plant communities and the environmental pa-
rameters, and hence to identify the ecological gradients
mainly responsible for the kinds of vegetation observed,
we performed non constrained ordinations with the use
of DCA and constrained ordinations employing canoni-
cal correspondence analysis (CCA) (Ter Braak & Ver-
donschot 1995; Ter Braak 1996, Ter Braak & Smilauer
1998), including the use of environmental and climatic
parameters.

3. RESULTS

The CA (Fig. 2), has placed the relevées in 3 main
groups. Further subdivisions within these 3 groups rep-
resent different communities (shown by various sym-
bols in Fig. 2 and in Tab. 1) and are reported with the
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Fig. 2. Cluster Analysis on the mean species composition values in each group, with the main groups of relevées identified by a first

CA (not shown for printing reasons).

same symbols in the analyses performed with DCA and
CCA. The ecological characteristics of these communi-
ties as obtained by CCA are visible in figures 5, 6 and 7.

The first group consists of a limited number of
relevées (18) and corresponds to plant communities
characterised by Sphagnum species and in particular by
Sphagnum subnitens and Sphagnum papillosum together
with numerous species typical of the plant communities
of bogs. They favour low pH and conductivity values
with climatic features typical of lower altitudes and par-
ticularly of high mean annual precipitation. In figure 2
this community is marked with number 1 and by the
grey triangle symbol.

The second group of relevées consists of a far higher
number of samplings (142) and corresponds to plant
communities characterised by numerous species of
Sphagnum which form typical hummocks in bogs,
raised above the water table. Phytosociologically, they
belong to the class Oxycocco-Sphagnetea Br.-Bl. et R.
Tx. ex Westhoff et al. 1946, they prefer low pH and
conductivity values and compared to group 1 they are

generally present at higher altitudes. They are marked in
figures 2, 3 and 5 by the number 2 and by the white cir-
cle symbol.

The last group is made up by the highest number of
relevées (162) and corresponds to plant communities of
minerotrophic mires characterised by Sphagnum species
and mosses which form carpets which are little raised
above the water table and in some cases they are float-
ing or even submerged. They all belong phytosociologi-
cally to the class Scheuchzerio-Caricetea fuscae R. Tx.
1937. One may identify, within the CA subdivisions of
this large group, communities with different character-
istics for pH and conductivity values which are higher
than those of group 2. They are marked in figures 2, 3
and 5 with the number 3 and by the grey circle symbol.

4. DISCUSSION

DCA provides an ordination which reflects the dif-
ferences in specific composition of the relevées. Al-
though there is a gradual transition in the central part of
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Tab. 1. The parameter measurements indicate mean values and standard deviations shown in brackets.

Number

Symbol Domu.-lant of pH Conductl_\ilty Depth to water Other frequent and dominant species
species ‘ (uS em™) table (cm)
relevées
Carex nigra, Nardus stricta, Viola palustris,
Vaccinium uliginosum subsp. mycrophylium,
4 Sphagnum 44 434 53.48 18.11 Pohz.emilla ;rect.a,‘ Leonltlod? helftilcus, Ca.rex
bollum (£0.58) (£17.00) (+9.38) echinata, Vaccinium vitis-idaea, Aulacomnium
T palustre, Molinia caerulea, Carex paucifiora,
Sphagnum capillifolium var. capillifolium,
Sphagnum angustifolium
Carex nigra, Straminergon stramineum, Nardus
n mip 2;§Z?£m 12 ( :3064} 4) ( 31533789) ( 121865908) stricta, Viola palustris, Vaccinium vitis-idaea,
& ’ ’ ' Potentilla erecta, Scirpus caespitosus
Sphagnum
A4 subnitens, 18 4.43 53.17 20.29 Potentilla erecta, Molinia caerulea, Drosera
Sphagnum (=0.61) (%£17.00) (£10.22)  rotundifolia, Scirpus sylvaticus, Calluna vulgaris,
papillosum
Nardus stricta, Carex nigra, Vaccinium uliginosum
subsp. myecrophyllum, Carex echinata, Potentilla
Sphagnum 70 4.44 61.53 18.29 erecta, Aulacomnium palustre, Viola palustris,
+ capillifolium (x0.65) (£29.21) (x10.10) Eriophorum angustifolium, Scirpus caespitosus,
Calluna vulgaris, Molinia caerulea, Straminergon
stramineum, Vaccinium vitis-idaea
O whwm s mseo e S el b,
cenirale (+0.43) (£31.54) (*9.06) 4 H
odoratum, Festuca rubra subsp. rubra
Carex echinata, Scirpus caespitosus, Carex nigra,
x Sphagnum 24 4.89 45.81 12.88 Viola palustris, Warnstorfia exannulata,
subsecundum (£0.54) (£20.58) (£9.40)  Eriophorum angustifolium, Calliergon stramineum,
Carex rostrata, Drosera rotundifolia
Sphagnum
compactum, 9 4.69 50.08 8.89 Carex nigra, Nardus stricta, Carex echinata,
Sphagnum (x0.37) (+23.68) =4.17) Calliergon stramineum, Viola palustris
girgensohnii
A Sphagnum fallax 12 5.02 43,84 13.00 Carex nigra, Carex echinata, Carex rostrata,
PHag] (£0.55)  (x14.84) (+6.56) Equisetum palustre
Carex nigra, Viola palustris, Potentilla erecta,
5.19 80.31 12.5 ” .
Sphagnum teres 23 (£0.50) (39 81) (5.06) Carex echinata, Molinia caerulea, Festuca rubra
' ’ ) subsp. rubra, Nardus stricta
@ Whww sk mmo b Crene e demin
warnstorfii (0.50) (#27.29) (#5.25) pézlusfris, Sphagnum subsecur::dum
Eriophorum
o angustifolium, 2% 5.32 61.03 3.10 Scirpus caespitosus, Carex nigra, Carex echinala,
Warnstorfia (£0.51) (£31.52) (+4.87) Odontoschisma elongatum
sarmentosa
* Warnstorfia 25 5.26 62.87 1.52 Carex nigra, Carex echinata, Viola palustris,
exannulata (0.46) (£57.60) (£2.79) Eriophorum angustifolium
Scorpidium 6.02 14076 0.38 Carex nigra, Bryum pseudotriquetrum, Campylium
cossontii, Carex 20 ¢ :Ed 44) (6 6' 49) ( ii 19) stellatum, Equisetum palustre, Eriophorum
lepidocarpa ’ ’ ’ latifolium

the diagram (Fig. 3), the three CA groups assume dis-
tinctive positions in ordination space. The group char-
acterised by the predominance of Sphagnum papillosum
and S. subnitens is clearly distinguishable from the other
two along the first axis for its particular floristic compo-
sition. Along the second axis the distinction between the
communities of groups 1 and 2 and group 3 can be
observed. The distinction between the CA subgroups in
the DCA ordination diagram (Fig. 4) is not always clear
and there are ample overlaps, especially in the central
transition area between group 2 and 3 communities

dominated by Sphagnum centrale, S. warnstorfi and S.
subsecundum. can be observed. In the more heterogene-
ous third group some subgroups are clearly distinguish-
able (Sphagnum fallax, Warnstorfia exannulata, Scor-
pidium cossonii-Carex lepidocarpa) whilst others show
areas of different gravitation but with ample overlaps.
The CCA results which include the environmental
and climatic parameters (as well as their specific com-
position) show how the community characterised by
Sphagnum subnitens and S. papillosum (relevée group
1) here too appears isolated and clearly distinct along
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Fig. 3. DCA diagram which illustrates the arrangement of the
three main groups obtained from the CA.
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Fig. 4. DCA diagram which illustrates the arrangement of all
the main groups obtained from the CA.

o °
e o
o 0

PH of water table

2
°

Altitude

-3.0

Depth to water table

3.0

+4.5

Fig. 5. Correlation biplot based on CCA. Axes 1 and 2 (eigenvalues respectively 0.51 and 0.46; the sum of all canonical eigenvalues
is 1.53) explain the 4.9% of cumulative percentage variance in species data and the 61.8% of cumulative percentage variance of the
species-environment relationships; both are statistically significant (Monte Carlo Permutation Test P = 0.005). The first axis is
closely inversely correlated to "altitude" and directly to the "mean annual precipitation” (inter set correlations of "altitude" to axis 1 =

-0.75 and "mean annual precipitation" with axis 1 =0.51).

the first axis (Fig. 5). This axis appears clearly influ-
enced by altitude and mean annual precipitation. This
differentiation on a climatic basis is also reported in
North America especially for Sphagnum papillosum
where the factors limiting distribution seem to be ex-
treme climatic conditions (Gignac 1993). Actually the
Sphagnum subnitens and S. papillosum group consists
of a number of relevées made in the Pesio and Oropa
Valleys, which have the lowest altitudes and the highest

mean precipitation values. Compared to the other
relevées there are thus certainly less extreme climatic
conditions. On the other hand, the separation between
groups 2 and 3 along the second axis shows a subdivi-
sion along a "poor-rich" gradient which is clearly af-
fected by the depth to the water table, inversely corre-
lated to pH and to conductivity. Several similar com-
munities are found which have in common the consider-
able depth to the water table (CA group 2). Group 3
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Fig. 6. Partial CCA of relevées of groups 1 and 2 of CA. Arrangement in ordination space of all the groups isolated by CA. The
canonical ordination axes 1 and 2 (eigenvalues of 0.60 and 0.18 respectively) explain the 7.6% of cumulative percentage variance in
species data and the 72.6% of the species-environment relationships; both are statistically significant (Monte Carlo Permutation Test
P =0.005). The parameters "altitude" and "mean annual precipitation" appear as closely correlated to axis 1 and inversely correlated
to one another (correlations to axis 1 —0.88 and 0.60 respectively).

distinguishes itself, although some relevées have inter-
mediate characteristics, for the proximity of the water
table to the surface, which in some cases outcrops.

On the basis of the environmental and climatic pa-
rameters shown in figure 5, ordinations with separate
CCA were performed, only on relevées of CA groups 2
and 3 (Figs 6 and 7). Figures 6 and 7 which show the
results of these computations were further doubled (a
and b) for an enhanced display of the arrangement of the
identified communities.

As far as the ombrotrophic mires of group 2 are con-
cerned there clearly emerges the poor significance of the
water table pH and conductivity parameters in the ordi-
nation space (Figs 6a and 6b). These graphic data are
confirmed by the forward selection values where the
conditional effects are significantly low (water table pH
A =0.11 and p = 0.005; conductivity A = 0.08 and p =
0.105), and from the values and standard deviations
summarised in table 1. The table shows that the group
characterised by Sphagnum subnitens and papillosum
maintains its differences concerning the climatic pa-

rameters whilst all the other relevées show a general
overlapping. The Sphagnum species which charac-
terise these relevées are Sphagnum centrale, S. ru-
bellum, S. magellanicum and S. capillifolium. Con-
sidering that S. magellanicum has a considerable am-
plitude of climatic niche which has also been
acknowledged in North America (Gignac 1993),
together with S. rubellum and S. centrale in the stud-
ied zones it behaves very similarly to S. capillifolium
which on the other hand in America is known for its
preference of more continental and extreme climatic
zones (Gignac 1993).

Whilst for S. magellanicum and S. centrale this trend
is less evident, occupying a fairly central area from the
axis, S. rubellum and S. capillifolium show similar cli-
matic preferences which are clearly distinguished from
those of S. papillosum. Certainly the climatic prefer-
ences of S. rubellum merit further study because they
are discordant with those of North America where this
species shows oceanic climatic preferences very similar
to those of S. papillosum (Gignac 1993).



94

+3.5
x

Depth of water table
x

- x
Altitude

-3.0
=

-3.0 +4.5

+3.5

oy "%

Altitude

b

-3.0 +4.5

-3

Fig. 7. Partial CCA of group 3 relevées of CA. Arrangement
in ordination spaced of all the groups isolated by CA. The
canonical ordination axes 1 and 2 (eignevalues of 0.45 and
0.42 respectively) explain the 6% of cumulative percentage
variance in species data and the 62.2% of the species-
environment relationships; both are statistically significant
(Monte Carlo Permutation Test P = 0.005). The parameters
"altitude" and "mean annual precipitation" in this case appear
as little correlated to axis 1 and inversely correlated to one
another (correlations to axis 1 —0.12 and 0.09 respectively).
On the other hand the conductivity and the pH of the water
table are closely correlated to axis 1 and as well as being
correlated to one another (correlations to axis 1 0.77 and 0.66
respectively).

As far as the depth and chemistry of the water table
are concerned these species are also those which show
greater competition and niche amplitude with inevitable
overlaps (Okland 1990; Andrus 1986; Bragazza 1997,
Gerdol 1995). The ecological confirmation of this be-
haviour, found in the ordination from the scarce signifi-
cance of the environmental parameters, is also provided
by the frequent and dominant species of vascular plants
found in the communities (see Tab. 1). Because of their
root anatomy, the position of their meristem tips and
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their tolerance of acidic habitats they often have a wider
ecological niche (Malmer et al. 1994). The confirmation
is provided by the numerous species which are common
and very often present with similar and considerable
cover values in many of the communities identified in
both groups 2 and 3 of the CA, such as Carex nigra,
Carex echinata, Viola palustris, Potentilla erecta, Nar-
dus stricta and Eriophorum angustifolium.

Thus the bryophytic component becomes the dis-
criminating one, because it is more sensitive to the
varying depth to the water table and its water chemistry.
Therefore, inevitably, this component has a more re-
stricted ecological niche, as has often been stressed in
the literature (Malmer 1986, 1993; Bragazza 1999; An-
drus et al. 1983). In vascular plants too, when the eco-
logical niche of some species is more restricted, such
species are to a greater extent characteristic of one of
the communities as is shown by the statistical analysis,
this is the case with Carex pauciflora and Drosera ro-
tundifolia.

Furthermore, from a phytosociological point of view
the relevées of group 2, taken as a whole, may be attrib-
uted to different variants of the same association Sphag-
num medii Késtner et Floiner 1933 (Steiner 1993; Ger-
dol & Tomaselli 1997).

In the behaviour of the CA group 3 relevées it is
clearly visible how conductivity and the pH of the water
table acquire a greater significance and one that is cor-
related to the first axis (see Figs 7a and 7b). The for-
ward selection values show how the conditional effects
have a greater significance especially for conductivity
(water table pH A = 0.15 and p = 0.005; conductivity A
= 0.41 and p = 0.005). The depth to the water table is
also inversely correlated in this community to the pre-
ceding environmental parameters. It contributes consid-
erably to distinguishing Sphagnum carpet communities
just above the water table and with lower pH and con-
ductivity values within group 3. These communities are
characterised by the presence of Sphagnum subsecun-
dum, S. teres, S. warnstorfii, S. compactum and S. gir-
gensohnii. There is a slight difference between them, as
confirmed by the average values reported in table 1, of
the S. teres and S. warnstorfii communities which show
slightly higher water table conductivity values. On the
other hand, the other communities characterised by the
presence of brown mosses, how Warnstorfia exannu-
lata, Warnstorfia sarmentosa - Eriophorum angustifo-
lium and Scorpidium cossonii - Carex lepidocarpa, are
characterised by outcropping surface water and high
conductivity and pH values. These communities show a
high affinity in the CA on the species composition too
where they form a single cluster, while the precedent
communities with Sphagnum are grouped separately.
Differentiation on the basis of conductivity is present in
communities which are characterised by Warnstorfia
sarmentosa - Eriophorum angustifolium, Warnstorfia
exannulata which show very low average values (61.03
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uS cm™, 62.87 uS cm™) compared to communities char-
acterised by the presence of Scorpidium cossonii where
the water was much richer in dissolved ions (140.76 puS
cm’'). Moreover, these communities seem to distinguish
themselves from others along the second axis which is
heavily conditioned by altitude. The communities char-
acterised by Warnstorfia sarmentosa - Eriophorum an-
gustifolium, Sphagnum compactum - Sphagnum girgen-
sohnii, and Warnstorfia exannulata seem to prefer,
compared to other relevées of group 3, more extreme
climatic conditions dictated by the higher altitude.

The communities with S. teres and S. fallax distin-
guish in the CA (Fig. 2) from the other communities of
the group 3 according to the species composition and
they form well delimited groups in the DCA (Fig. 4).
The communities with S. feres show a particular posi-
tion in the CCA (Fig. 7) where they seem to prefer
higher position to the water table and higher water table
conductivity values. The conductivity is an important
discriminator factor because these communities grow
mainly on calcareous or basic substrate (serpentine and
calcschist rocks). The communities with S. fallax are
more separated from the others of the group 3 in the CA
and in the DCA. The reason could be attributed to lower
water table pH and conductivity values as shown the
CCA (Fig. 7) and to particular ecological characteristics
of S. fallax. 1t's a typical hollow species in pioneer
situations and his important rule in the restoration of the
lawns and bogs is known (Grosvernier et al. 1997).

5. CONCLUSIONS

As a result of ecological affinities in the different
mire communities many species are frequently found
with significant cover values, thereby sometimes mak-
ing their classification and characterisation difficult.
This is particularly true for some higher plants (e.g.
Carex nigra, Carex echinata, Viola palustris, Potentilla
erecta, Nardus stricta and Eriophorum angustifolium).
Their lateral vegetative propagation, together with the
limited size of the wetlands on the Italian side of the
Western Alps, causes a reduction in the size of the indi-
vidual homogeneous communities and favours an over-
lapping in the composition of species in the individual
communities. Other species with a less extended eco-
logical niche are useful in characterising the communi-
ties (e.g. Carex paucilora, Carex lepidocarpa and Dro-
sera rotundifolia).

On the other hand bryophytes play an important role
in identifying these plant communities, owing to both
their high cover values and to their greater sensitivity to
changes in water chemistry and to the depth to the water
table.

As far as ecological distinctions are made, the cli-
matic parameters such as altitude and mean annual pre-
cipitation play an important role in identifying certain
plant communities typical of bogs (e.g. communities
with S. subnitens and S. papillosum), together with dis-
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tinctions conditioned by water table depth. The canoni-
cal ordination shows how, in the Western Italian Alps
too, Sphagnum papillosum and S. subnitens show a cli-
matic preference for areas with a greater oceanity, high
precipitation and less severe temperatures. The impor-
tance of the climatic parameters in highlighting certain
plant communities underlines the strict relationship that
these environments have with climate and climatic
changes (Gignac 1993; Gerdol et al. 1998). Hence in
these mire plant communities, bryophytes and Sphagna
can be used as climatic indicators as has already been
done in North America (Gignac et al. 1998). A future
continuous monitoring of the dynamics of these plant
communities is important for verifying the effects of
climatic changes especially on the Alps where wetlands
cover very limited areas compared to in northern
Europe.

On the other hand, poor or rich fen plant communi-
ties have a closer correlation to water table chemistry
and show clear ecological differentiation in ordination
space. The climatic parameters contribute marginally to
the characterisation of the communities highlighting
those that are able to resist more extreme temperature
conditions. In this case too bryophytes such as Warn-
storfia exannulata, Warnstorfia sarmentosa, Scorpidium
cossonii, Sphagnum subsecundum, S. teres, S. fallax and
S. warnstorfii play an important role in identifying
communities.
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