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The research was conducted in six areas of the Maritime Alps Natural Park to examine the
bryophyte flora of this territory and to identify priority areas for conservation, with particular
reference to those where livestock graze and that are marked by evident disturbance. The data
on the ecological factors of humidity, light, nitrogen/fertility, and pH were elaborated to address
ecological state of the studied sites. Detrended Correspondence Analysis (DCA) was used in
order to highlight the role of these factors on the impact of anthropic activity and of grazing.
Analysis of the sensitivity of the species to anthropic impact reveals that, on one side, there is
a prevalence of species preferring moderate anthropic impact, but on the other hand, many are
the species adapted to living in conditions strong anthropic impact.
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Introduction

In the course of recent years, several studies have been carried out in the frame of the Cross-
border Project between the Maritime Alps Natural Park (Italy) and the Mercantour National
Park (France). The objective of these studies was to gain knowledge on the natural patrimony
and the biodiversity of the Maritime Alps territory (SIC IT1160056 Alpi Marittime). To this
end, between the summer of 2013 and autumn of 2015, a series of explorations was conducted
in some areas of the Maritime Alps Natural Park, in particular those characterized by lakes,
wet environments and peat-bogs. Based on a large species list, it was possible to develop a
series of elaborations and statistical, chorological and ecological considerations; in addition,
the bryophytes of these environments can be used as bioindicators of impacts caused by
anthropic activities such as grazing of domestic livestock and tourists flow (Diekmann 2003;
Kollmann & Fischer 2003; Wamelink & van Dobben 2003; Holt & Miller 2011).

The ecological factors analyzed have a crucial influence on the biological forms of
growth of the colonizing species (ephemeral or pioneer) and stress tolerant perennials,
that indicate the influence that altitude and the impact of grazing by wild and domestic
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animals can have on the forms of growth and thus on the selection of species that devel-
op in the six areas studied.

Study Area

The Site of Community Interest (IT1160056 Alpi Marittime) covers a vast portion of the
Alpi Marittime Park. It ranges between 700 m a.s.L,. at the valley bottom, to 3297 m a.s.l. at the
South Peak of Argentera, the highest peak in the Maritime Alps. The rocky substrata influence
the scenery noticeably. Most of the territory outstands by the presence of crystalline rocks that
create a harsh, rugged, high-mountain environment, with deep, steep-sided valleys, vast areas
with little vegetation and deep avalanche gullies. Elsewhere sedimentary rocks predominate on
limestone cliffs and vast scree slopes, open grassland and karst features dominate the scenery.
Lower down on the south-facing slopes, we find areas of “sub-Mediterranean” vegetation. The
perennial snowfields and remaining relict glaciers are of particular interest. The alpine lakes and
the high-altitude hygrophilous marshland environments around them are also of glacial origin.
Among the numerous wet environments in the Park, the explorations have focused on some
areas in which problems linked to grazing and anthropic impact are more evident. A study of
the bryophyte flora was conducted (Fig. 1) in the following six areas:

1. Piano del Valasco (1764 m a.s.l.; Exp. NE; 44°11°55” N — 7°13°58” E)

2. Piano della Casa (1850 m a.s.l.; Exp. N; 44°09°3” N — 7°16°34” E)

3. Lagarot di Laroussa (1971 m a.s.l.; Exp. N; 44°11°59” N — 7°17°36” E)

4. Lago del Vei del Bouc (2049 m a.s.l.; Exp. NE; 44°08°28” N — 7°25’37” E)
5. Lago della Vacca (2266 m a.s.l.; Exp. NW; 44°07°52” N — 7°27°57” E)

6. Lago Villazzo (1838 m a.s.l.; Exp. N; 44°10°04” N — 7°29°52” E)

Materials and methods

In order to characterize the sampling areas, ecological variables were estimated for each
species. Humidity (F), light (L), reaction (R) and nitrogen/fertility (N), were successively
attributed and elaborated, according to Hill & al. (2007).

The values attributed to each species are based on Ellenberg & al. (1991) adapted by Diill
(1991) for the bryophytes, and are elaborated with the INDEXT program (Hill & al. 2000), start-
ing with the ecological values of vascular plants, grouped in quadrants, calculating the average
values of each quadrant and using the regressions in order to elaborate new values for the
bryophytes. The observations on the ecology of each species were derived from Dierfen (2001).

The data on the ecological parameters were elaborated according to the species reported
in the six areas and according to the environmental characteristics of the territories studied
using Detrended Correspondence Analysis, in which the scatters of the relevés were sepa-
rate from those of the species, concentrating in particular on the parameters of humidity,
light, nitrogen/fertility, and reaction, in order to highlight the role that these factors have
on the impact of anthropic activity and of grazing.

Nomenclature follows Ros & al. (2007) for liverworts and Ros & al. (2013) for mosses.
The species distribution refers to Aleffi & al. (2008). The samples are kept at the
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A The location of the smdy areas

Fig. 1. The map of the Maritime Alps Natural Park with the location of the six study areas.

Herbarium of the Maritime Alps Natural Park and at the Herbarium of the University
of Camerino (CAME).

Results and discussion

A total of 199 bryophyte taxa were identified (31 liverworts and 168 mosses). Of these,
8 taxa (1 liverwort and 7 mosses) were new for the Piedmont Region: Blepharostoma tri-
chophyllum subsp. brevirete, Brachythecium tommasinii, Bryum intermedium, Bryum
moravicum, Bryum sauteri, Cratoneuron curvicaule, Schistidium crassipilum, and
Schistidium platyphyllum. Also, 12 taxa (3 liverworts and 9 mosses) were reported before
1950: this is a group of species whose first and only report was in the late 1800s to early
1900s, and were found on the occasion of that research. Finally, 43 species (8 liverworts
and 35 mosses) can be considered rare and chorologically interesting.

Table 1 summarizes the results of the explorations conducted in the six research sites. In par-
ticular are listed the species that develop in wet environments and in peat bogs and which have
been used for the study. Next to each species (preceded by the abbreviation used in the phase
of elaboration of the ecological data), values for the ecological parameters are attributed.
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Table 1. List of taxa found in the wet environments of the six study areas, indicating for each of them
the ecological parameters of humidity (F), light (L), reaction (R) and nitrogen/fertility (N).

Code Taxa
Aneu_ping Aneura pinguis (L.) Dumort.
Anoe_aest Anoectangium aestivum (Hedw.) Mitt.
Atri_undu Atrichum undulatum (Hedw.) P. Beauv.
Aula_andr Aulacomnium androgynum (Hedw.) Schwigr.
Aula_palu Aulacomnium palustre (Hedw.) Schwagr.

Barb_hatc Barbilophozia hatcheri (A. Evans) Loeske
Barb_lyco Barbilophozia lycopodioides (Wallr.) Loeske

Barbu_bi Barbula bicolor (Bruch & Schimp.) Lindb.

Bart_ithy Bartramia ithyphylla Brid.

Bart_pomi Bartramia pomiformis Hedw.

Blep_tric Blepharostoma trichophyllum subsp. brevirete (Bryhn & Kaal.) R.M.Schust.
Blin_acut Blindia acuta (Hedw.) Bruch & Schimp.

Brac_rivu Brachythecium rivulare Bruch & Schimp.

Brac_ruta Brachythecium rutabulum (Hedw.) Bruch & Schimp.

Brac_sale Brachythecium salebrosum (Hoffm. ex F. Weber & D. Mohr) Schimp.

Brac_tomm Brachythecium tommasinii (Sendtn. ex Boulay) Ignatov & Huttunen
Bryo_ferr Bryoerytrophyllum ferruginascens (Stirt.) Giacom.
Bryu_blin Bryum blindii Bruch & Schimp.

Bryu_dich Bryum dichotomum Hedw.

Bryu_eleg Bryum elegans Nees

Bryu_inte Bryum intermedium (Brid.) Blandow

Bryu_mora Bryum moravicum Podp.

Bryu_mueh Bryum muehlenbeckii Bruch & Schimp.
Bryu_saut Bryum sauteri Bruch & Schimp.

Bryu_schl Bryum schleicheri DC.

Bryu_torq Bryum torquescens Bruch & Schimp.
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Bryu_weig Bryum weigelii Spreng.
Call_cord Calliergon cordifolium (Hedw.) Kindb.

—
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Call_cusp Calliergonella cuspidata (Hedw.) Loeske
Call_rich Calliergon richardsonii (Mitt.) Kindb.
Caly_fiss Calypogeia fissa (L.) Raddi

Camp_chry Campyliadelphus chrysophyllus (Brid.) R.S. Chopra

Camp_stell Campylium stellatum (Hedw.) Lange & C.E.O.Jensen

Ceph_grim Cephaloziella grimsulana (J.B. Jack ex Gottsche & Rabenh.) Lacout.
Ceph_leuc Cephalozia leucantha Spruce

Cera_purp Ceratodon purpureus (Hedw.) Brid.

Chil_poly Chiloscyphus polyanthos (L.) Corda

Cinc_font Cinclidotus fontinaloides (Hedw.) P. Beauv.
Clim_dend Climacium dendroides (Hedw.) F.Weber & D.Mohr
Crat_curv Cratoneuron curvicaule (Jur.) G. Roth

Crat_fili Cratoneuron filicinum (Hedw.) Spruce

Cten_moll Ctenidium molluscum (Hedw.) Mitt.

Cyno_grac Cynodontium gracilescens (F. Weber & D. Mohr) Schimp.
Dich_palu Dichodontium palustre (Dicks.) M. Stech

Dich_pell Dichodontium pellucidum (Hedw.) Schimp.
Dicr_cris Dicranoweisia crispula (Hedw.) Milde
Dicr_denu Dicranodontium denudatum (Brid.) E. Britton
Dicr_maju Dicranum majus Sm.

Dicr_scop Dicranum scoparium Hedw.

Dicr_spad Dicranum spadiceum J.E. Zetterst.

Dicr_subu Dicranella subulata (Hedw.) Schimp.
Dicr_taur Dicranum tauricum Sapjegin

Dicr_var Dicranella varia (Hedw.) Schimp.

Didy_fall Didymodon fallax (Hedw.) R.H. Zander

Didy_insu Didymodon insulanus (De Not.) M.O. Hill
Didy_sinu Didymodon sinuosus (Mitt.) Delogne
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Dist_capi Distichium capillaceum (Hedw.) Bruch & Schimp.
Drep_adun Drepanocladus aduncus (Hedw.) Warnst. 10
Enca_cili Encalypta ciliata Hedw. 5
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Table 1. continued.

Fiss_adia
Fiss_bryo
Fiss_osmu
Fiss_rivu
Font_anti
Font_grac
Grim_alpe
Grim_anom
Grim_caes
Grim_funa
Grim_hart
Grim_incu
Grim_mont
Grim_ramo
Grim_tric
Gymn_aeru
Hedw_cili
Hedw_leuc
Hete_dimo
Hygr coch
Hygr_duri
Hygr luri
Hygr_smit
Hylo_pyre
Hylo_sple
Hyme_recu
Hypn_cupr
Isot_alop
Isot_myos
Jung_atro
Jung_hyal
Jung_obov
Jung_pum
Lesc_saxi
Lesk_poly
Loph_bide
Loph_hete
Loph_vent
Marc_poly
Mees_triq
Metz_furc
Mniu_spin
Mniu_thom
Nard_geos
Orth_cupu
Orth_pall
Oxys_tenu
Palu_comm
Palu_deci
Palu_falc
Pell_endi
Pell_epip
Pell_nees
Phil_arne
Phil_calc
Phil_font
Phil_marc
Phil_seri
Phil_tome
Plag_cavi

Fissidens adianthoides Hedw.

Fissidens bryoides Hedw.

Fissidens osmundoides Hedw.

Fissidens rivularis (Spruce) Bruch & al.

Fontinalis antipyretica (Hedw.) subsp. antipyretica
Fontinalis antipyretica subsp. gracilis (Lindb.) Schimp.
Grimmia alpestris (F. Weber & D. Mohr) Schleich.
Grimmia anomala Schimp.

Grimmia caespiticia (Brid.) Jur.

Grimmia funalis (Schwigr.) Bruch & Schimp.
Grimmia hartmanii Schimp.

Grimmia incurva Schwagr.

Grimmia montana Bruch & Schimp.

Grimmia ramondii (Lam. & DC.) Margad.
Grimmia trichophylla Grev.

Gymnostomum aeruginosum Sm.

Hedwigia ciliata (Hedw.) P. Beauv.

Hedwigia ciliata var. leucophaea Bruch & Schimp.
Heterocladium dimorphum (Brid.) Schimp.
Hygrohypnum cochlearifolium (Venturi) Broth.
Hygrohypnum duriusculum (De Not.) D. W. Jamieson
Hygrohypnum luridum (Hedw.) Jenn.
Hygrohypnum smithii (Sw.) Broth.
Hylocomiastrum pyrenaicum (Spruce) M. Fleisch.
Hylocomium splendens (Hedw.) Bruch et al.
Hymenostylium recurvirostrum (Hedw.) Dixon
Hypnum cupressiforme var. subjulaceum Molendo
Isothecium alopecuroides (Dubois) Isov.
Isothecium myosuroides Brid.

Jungermannia atrovirens Dumort.

Jungermannia hyalina Lyell

Jungermannia obovata Nees

Jungermannia pumila With.

Lescuraea saxicola (Schimp.) Molendo

Leskea polycarpa Hedw.

Lophocolea bidentata (L.) Dumort.

Lophocolea heterophylla (Schrad.) Dumort.
Lophozia ventricosa (Dicks.) Dumort.

\Marchantia polymorpha subsp. montivagans Bischl. et Boisselier
Meesia triquetra (L. ex Jolich.) Angstr.

Metzgeria furcata (L.) Dumort.

\Mnium spinosum (Voit) Schwagr.

Mnium thomsonii Schimp.

Nardia geoscyphus (De Not.) Lindb.

Orthotrichum cupulatum Hoffm. ex Brid.
Orthotrichum pallens Bruch ex Brid.

Oxystegus tenuirostris (Hook. & Taylor) A.J.E. Sm.
Palustriella commutata (Hedw.) Ochyra
Palustriella decipiens (De Not.) Ochyra
Palustriella falcata (Brid.) Hedenés

Pellia endiviifolia (Dicks.) Dumort.

Pellia epiphylla (L.) Corda

Pellia neesiana (Gottsche) Limpr.

Philonotis arnellii Husn.

Philonotis calcarea (Bruch & Schimp.) Schimp.
Philonotis fontana (Hedw.) Brid.

Philonotis marchica (Hedw.) Brid.

Philonotis seriata Mitt.

Philonotis tomentella Molendo

Plagiothecium cavifolium (Brid.) Z. Iwats
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Table 1. continued.

Plag_dent Plagiothecium denticulatum (Hedw.) Schimp. var. denticulatum 6
Plag_elli Plagiomnium ellipticum (Brid.) T.J. Kop. 8
Plag_oede Plagiopus oederianus (Sw.) Crum & Anderson var. oederianus 5
Plag_pore Plagiochila porelloides (Torrey ex Nees) Lindenb. 6
Plag succ Plagiothecium succulentum (Wilson) Lindb. 6
Plat_ripa Platyhypnidium riparioides (Hedw.) Dixon 10
Pogo_urni Pogonatum urnigerum P. Beauv.

Pohl_crud Pohlia cruda (Hedw.) Lindb.

Pohl_drum Pohlia drummondii (Miill. Hal.) A.L.Andrews

Pohl_nuta \Pohlia nutans (Hedw.) Lindb.

Pohl_wahl Pohlia wahlenbergii (F. Weber & D. Mohr) A 1. Andrews var. wahlenbergii

Poly_alpi Polytrichastrum alpinum (Hedw.) G.L. Sm.

Poly comm |Polytrichum commune Hedw.

Poly_juni Polytrichum juniperinum Hedw.

Poly pili Polytrichum piliferum Hedw.

Pore_plat Porella platyphylla (L.) Pfeiff.

Pseu_incu Pseudoleskea incurvata (Hedw.) Loeske

Pseu_nerv Pseudoleskeella nervosa (Brid.) Nyholm

Pseu_pate Pseudoleskea patens (Lindb.) Kindb.

Pseu_tect Pseudoleskeella tectorum (Funck ex Brid.) Kindb. ex Broth.
Pter_fili Pterigynandrum filiforme Hedw.

Pter_grac Pterogonium gracile (Hedw.) Sm.

Ptyc_bimu Ptychostomum pseudotriquetrum var. bimum (Schreb.) Dm.T.Holyoak & N.Pedersen
Ptyc_comp Ptychostomum compactum Hornsch.

Ptyc_imbr Ptychostomum imbricatulum (Miill. Hal.) Holyoak & Pedersen
Ptyc_pall Ptychostomum pallens (Sw.) J.R. Spence

Ptyc_palsc Ptychostomum pallescens (Schleich. ex Schwigr.) J.R. Spence
Ptyc_plic Ptychodium plicatum (Schleich. ex F.Weber & D.Mohr) Schimp.
Ptyc_pseu Ptychostomum pseudotriguetrum (Hedw.) J.R.Spence & H.P.Ramsay var. pseudotriquetrum
Raco_cane Racomitrium canescens (Hedw.) Brid.

Raco_elon Racomitrium elongatum Ehrh. ex Friswoll

Raco_eric Racomitrium ericoides (Weber ex Brid.) Brid.

Raco_micr Racomitrium microcarpon (Hedw.) Brid.

Raco_sude Racomitrium sudeticum (Funck) Bruch & Schimp.

Raco-obtu Racomitrium obtusum (Brid.) Brid.

Radu_lind Radula lindenbergiana Gottsche ex C. Hartm.
Rhiz_magn Rhizomnium magnifolium (Horik.) T.J.Kop.
Rhiz_punc Rhizomnium punctatum (Hedw.) T.J.Kop.
Rhyt_squar Rhytidiadelphus squarrosus (Hedw.) Warnst.
Rhyt_triq Rhytidiadelphus triquetrus (Hedw.) Warnst.
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Sani_unci Sanionia uncinata (Hedw.) Loeske

Scap_aequ Scapania aequiloba (Schwaegr.) Dumort.

Scap_curt Scapania curta (Mart.) Dumort.

Scap_helv Scapania helvetica Gottsche

Scap_irri Scapania irrigua (Nees) Nees

Scap_nemo Scapania nemorea (L.) Grolle

Scap_suba Scapania subalpina (Nees ex Lindenb.) Dumort.

Scap_uligi Scapania uliginosa (Sw. ex Lindenb.) Dumort.

Scap_undu Scapania undulata (L.) Dumort. 10
Schi_apoc Schistidium apocarpum (Hedw.) Bruch & Schimp. 2
Schi_cras Schistidium crassipilum Blom 1
Schi_platy Schistidium platyphyllum (Mitt.) H.Perss. subsp. platyphyllum 8
Schi_rivu Schistidium rivulare (Brid.) Podp. subsp. rivulare 8
Sc-hy_plum  |Sciuro-hypnum plumosum (Hedw.) Ignatov & Huttunen 8
Sc-hy_star Sciuro-hypnum starkei (Brid.) Ignatov & Huttunen 7
Scor_coss Scorpidium cossonii (Schimp.) Hedends 8
Scor_scor Scorpidium scorpioides (Hedw.) Limpr. 10
Spha_capi Sphagnum capillifolium (Ehrh.) Hedw. 7
Spha_cent Sphagnum centrale C.E.O. Jensen ex Arn. & C.E.O. Jensen 8
Spha_cont Sphagnum contortum Schultz 9
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Table 1. continued.

Spha_fall Sphagnum fallax (H.Klinggr.) H.Klinggr. 9 7 2 3
Spha_mage Sphagnum magellanicum Brid. 8 8 1 1
Spha_palu Sphagnum palustre L. 8 7 3 2
Spha_plat Sphagnum platyphyllum (Lindb. ex Braithw.) Warnst. 9 8 5 2
Spha_russ Sphagnum russowii Warnst. 7 6 2 2
Spha_squa Sphagnum squarrosum Crome 9 6 4 3
Spha_subs Sphagnum subsecundum Nees ex Sturm 9 8 4 2
Spha_tene Sphagnum capillifolium var. tenerum (Sull. & Lesq. ex Sull.) H. A. Crum 7 7 2 2
Spha_tenel Sphagnum tenellum (Brid.) Bory 8 8 1 1
Spha_tere Sphagnum teres (Schimp.) Angstr. 9 7 4 2
Stra_stram Straminergon stramineum (Dicks. ex Brid.) Hedends 9 7 3 2
Synt_calc Syntrichia calcicola J.J. Amann 3 8 7 4
Synt_norv Syntrichia norvegica F. Weber 4 8 7 2
Synt_rura Syntrichia ruralis (Hedw.) F. Weber & D. Mohr var. ruralis 3 8 7 4
Tetr_pell Tetraphis pellucida Hedw. 6 3 3 3
Tort_hopp Tortula hoppeana (Hedw.) Limpr. 2 9 7 2
Tort_mura Tortula muralis Hedw. 2 6 8 5
Tort_tort Tortella tortuosa (Hedw.) Limpr. var. fortuosa 4 7 7 2
Warn_exan Warnstorfia exannulata (Schimp.) Loeske 9 8 4 2
Warn_sarm Warnstorfia sarmentosa (Wahlenb.) Hedends 9 8 5 2
Humidity

The hygrophytes (30.89%) and the mesophytes (36.62%) represent the dominant group.
Conversely, the xerophytes (11.52%) represent a smaller group that grow prevalently on
the rocky substratum directly exposed to sunlight.

The first axis of the DCA graph (Fig. 2) distinguishes various degrees of humidity of
the individual relevés. There is a distinction between the various points of relevés of the
Lago del Vej del Bouc (white circles) and Valasco (white squares), and the points that are
dryer (GPS 68, grey squares of the dry, rocky grazing lands near the Lago della Vacca and
GPS 54, dry grazing lands of the Lago del Vej del Bouc).

Some relevés of the Lago Villazzo (grey rhombuses), of the Piano del Valasco and the
Lago del Vej del Bouc, which are grazed humid areas or near-grazing areas, tend to be in
intermediate positions on the graph. This is probably due to the presence of species more
adapted to situations of dehydration, and whose growth can be favored by these conditions
of disturbance. These species (e.g. Brachythecium tommasinii, Climacium dendroides,
Phylonotis tomentella, Pseudoleskea patens) are well remarked by the grey square in the
DCA species ordination (Fig. 3).

Light

The bryophytes that predominate in the environments studied are species adapted to liv-
ing in environments that are moderately to strongly illuminated, conditions linked to the
strong exposition to sunlight of these habitats, above all during the summer. Also in this
case, these are species typical of peat-bogs that adapt to conditions of extreme climatic and
environmental variability.

The DCA for the parameter of light (Fig. 4) does not seem to show any particular
differences. Rather, it seems to reflect the divisions of the parameter of humidity.
However, it should be noted that about half of the species identified are very adaptable
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Fig. 2. The DCA humidity graph of the relevés.  Fig. 3. The DCA humidity ordination of the
species.

regarding this ecological parameter, inasmuch as they can live in conditions of shade
and those of full sunlight.

However, we can note a certain division along the second axis, above all if it is
compared with the axis of the species (Fig. 5) where at the base there are species that
are distinguished from the others because they traditionally live in conditions more
typical of underbrush.

Nitrogen/fertility

Analyzing the graph for the values of nitrogen/fertility of the substratum (Fig. 6), the
most nitrophilous species are located on the right (white rectangle) while the least
nitrophilous ones are on the left (grey rectangle).

According to Hill & Preston (1998) and Dierflen (2001), the species that are more
eutrophic/nitrophilic are Tortula hoppeana, Ceratodon purpureus, Leskea polycarpa and
Brachythecium rutabulum. All of them are found on the right in Fig. 6.
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Fig. 4. The DCA for the parameter of light of Fig. 5. The DCA light graph of the species.
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The species classified by Dierfen (2001) as typical of a substratum with an average content
of nutrients (m nitrophyt) are Aulacomnium androgynum, Bryum dichotomum, Calliergon cordi-
folium, Calliergonella cuspidata, Lophocolea heterophylla, Marchantia polymorpha subsp.
montivagans, Orthotrichum pallens, Ptychostomum imbricatulum, Ptychostomum pallescens,
Rhytidiadelphus squarrosus, Rhytidiadelphus triquetrus, Scapania irrigua, Sciuro-hypnum
starkei and Sphagnum squarrosum. These species are distributed prevalently in the right part of
Fig. 6. Instead, the indicator species of a low nutrients content (oligotrophic) are Hygrohypnum
cochlearifolium, Hygrohypnum smithii, Jungermannia obovata, Scapania undulata, and Blindia
acuta. These species, as shown by the grey rectangle, are located in the left part of Fig. 6.

Along the second axis, the species in a higher position seem to be those that grow where
there is water, while in a lower position are those that grow in drier sites.

Observing the same graph regarding the relevés (Fig. 7), most of the grazed sites, such
as those of the Lago del Vej del Bouc, are located on the right, while those of mires and
humid zones, notoriously poorer in nutrients, are on the left. Some of these, even though
they are in humid zones such as GPS52, GPS53 together with some of Lago Villazzo (grey
rhombuses: GPS82 and 83) and of the Lago della Vacca (grey squares: GPS 70), are found
on the right, near those of grazing sites. This is the same as in Valasco (white squares)
which, except for one, are found prevalently in the central part.

pH

Regarding acidity, a distribution similar to that of the previous graphs is seen along the
first axis also in the two graphs for soil pH (Figs. 8, 9). The presence of species of the
Sphagnum genus (grey square), as shown by the grey rectangle, which are indicators of the
maximum values of acidity, distinguish some survey observations from the others in Fig.
8. It appears clear that the relevés (in wet zones as well) in the area of the Valasco (Fig. 9,
white squares) are almost all located in the central part of the graph, indicating intermedi-
ate values of acidity. In this area, Calliergonella cuspidata was found with greater frequen-
cy (3 relevés). This species typical of basic environments can thus be considered an indi-
cator element for an anomalous increase in pH.
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Fig. 8. The DCA graph for soil pH of the species. Fig. 9. The DCA graph for soil pH of the relevés.

Sensitivity of the species to anthropic impact

Analysis of the sensitivity of the species to anthropic impact reveals that on the one hand,
there is a prevalence of species that prefer moderate anthropic impact, but on the other hand,
on the whole, there are many species adapted to living in conditions of moderate or strong
anthropic impact, an observation that should be related, especially in some sites, to the high
degree of trampling by livestock, which inevitably conditions the species component.

Dierfen (2001) identifies a series of indicator species for the presence of different levels
of anthropic impact. On this basis, it was possible to identify target species that are indi-
cators of natural conditions and/or of moderate anthropization and of deterioration of the
studied areas, and in this way proceed to characterize the study areas, through analysis of
the ecological parameters considered up to this point, and applied to the species identified.
In this way, it was possible to obtain criteria and indications for planning actions of direct
and indirect guardianship, protection and restoration of the habitats.

We list here, on the basis of the degree of anthropic impact, the species that were noted dur-
ing the course of this study that better than others are able to represent the various degrees of
anthropization and that can be used in the future as indicator species for these phenomena.

Indicator species of high/strong anthropic impact (Eu-polyhem)
- Bryum dichotomum Hedw. (Lago del Vej del Bouc, bare soil)

Indicator species of high anthropic impact (Euhem)

- Bryum sauteri Bruch & Schimp. (Lagarot di Laroussa, dripping wall; Lago del Vej del
Bouc, peat-bog)

- Dicranella varia (Hedw.) Schimp. (Lago del Vej del Bouc)

Indicator species of moderate/strong anthropic impact (Meso-polyhem)

- Ceratodon purpureus (Hedw.) Brid. (Piano della Casa, bare soil; Lago del Vej del Bouc,
bare soil; Lago Villazzo, banks of the river)

- Didymodon fallax (Hedw.) R.H. Zander (Lagarot di Laroussa, wet meadow)
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- Pohlia nutans (Hedw.) Lindb. (Piano della Casa; Lago del Vej del Bouc, bare soil; Gias
Prato, wet meadow; Lago Vacca, banks of the river)
- Tortula muralis Hedw. (Piano della Casa, on soil)

Indicator species of moderate/high anthropic impact (Meso-Euhem)

- Brachythecium rutabulum (Hedw.) Bruch & Schimp. (Lago Villazzo, banks of the river)

- Chiloscyphus polyanthos (L.) Corda (Lago del Vej del Bouc, peat-bog)

- Cinclidotus fontinaloides (Hedw.) P. Beauv. (Lagarot di Laroussa, wet meadow)

- Dicranella subulata (Hedw.) Schimp. (Piano del Valasco, bare soil)

- Didymodon insulanus (De Not.) M.O. Hill (Piano del Valasco, banks of the river)

- Lophocolea heterophylla (Schrad.) Dumort. (Lago del Vej del Bouc, bare soil)

- Plagiomnium ellipticum (Brid.) T.J. Kop. (Lago del Vej del Bouc, peat-bog; Piano della
Casa, bare soil)

- Platyhypnidium riparioides (Hedw.) Dixon (Piano del Valasco, banks of the river;
Lagarot di Laroussa, wet meadow)

- Ptychostomum imbricatulum (Miill. Hal.) Holyoak & Pedersen (Piano della Casa, on soil)

- Ptychostomum pallescens (Schleich. ex Schwégr.) J.R. Spence (Lagarot di Laroussa,
wet meadow)

Conclusions

The explorations conducted in the six areas have allowed us to achieve an in depth study
of the bryophyte flora in a territory of the Alps whose bryophytes have received little atten-
tion so far. We offer below a summary of the concluding considerations that can serve as
the foundations for future research to monitor the areas studied and identify opportune
actions to safeguard these environments.

Some areas (Piano del Valasco, Piano della Casa), are more subject to the effects of both
grazing and the influx of tourists, which in some periods of the year, reaches unsustainable
levels for an environment of such extremely fragile equilibrium as that of a mire. The float-
ing marshy peat mats often appear to have been crushed underfoot by tourists. In these
areas, one can observe that alongside the typical flora of peat-bogs represented by
Sphagnum, there is the development of a more banal and ubiquitous ruderal and anthropic
flora; in the part uphill, where the valley closes near the waterfall, the pressure from cattle
grazing appears greater, and the bryophyte flora concentrates in proximity of boulders and
strips of larch groves on the edges of the Piano.

Lago del Vej del Buc, Lago Villazzo and Lago della Vacca appears to be strongly con-
ditioned by the notable impact of livestock grazing. The pet-bog appears to be particularly
damaged by the trampling of animals, while in the places where there is the greatest tram-
pling, the vegetation appears to be characterized by ruderal and ubiquitous species typical
of grazing environments. On the lake shore where there has been no trampling or a lesser
degree of trampling, there are traces of a Sphagnum bog, even though observation of the
state of conservation of the Sphagnum indicates that it suffers from the aridity and the state
of drying of the summer, in all likelihood related to the karstic nature of the subsurface. In
fact, in places where the water reappears, species typical of wet environments are seen. It



176 Aleffi & al.: Bryophytes from the wet areas of the Maritime Alps and their use ...

should be noted that the peat-bog is subject to trampling by animals with consequent dam-
age and impoverishment of its species component.

The Lagarot di Laroussa is the only site with the greatest characteristics of naturalness.
In fact, no livestock were seen there. The shores of the small lake, which appear to be in
an excellent state of conservation, attract afternoon visits of chamois who go there to drink.
The influx of tourists seems to be quite orderly and respectful of the environment. In
Lagarot, as in the other sites, Sphagnum were not observed, but unlike the others, the
aquatic and wet environment flora is rich, making this site an environment that is surely
interesting and to be used as a model of conservation, also for the other sites.

The indicator species of anthropic impact identified during this research, could be used
for future monitoring efforts, at least in areas with elevated anthropic impact. Precisely
because of the ecological and natural characteristics described in this work (colonizing
species or those linked to a certain chemism of the waters or substrata), they adapt to living
well in situations where there is a high degree of anthropization.

Acknowledgements

Research carried out in collaboration with the Maritime Alps Natural Park as part of the Mercantour
Maritime Cross-border Project, funded under the 2007-2013 Alcotra Program.

References

Aleffi, M. (Ed.) 2008: Biologia ed ecologia delle briofite. — Roma.

—, Tacchi, R. & Cortini Pedrotti, C. 2008: Check-list of the Hornworts, Liverworts and Mosses of
Italy. — Bocconea 22: 1-256.

Diekmann, M. 2003: Species indicator values as an important tool in applied plant ecology — a
review. — Basic Appl. Ecol. 4(6): 493-506. doi: 10.1078/1439-1791-00185

Dierfen, K. 2001: Distribution, ecological amplitude and phytosociological characterization of
European bryophytes. — Bryophyt. Bibl. 56: 1-289. doi: 10.1639/0007-
2745(2002)105[0503:]2.0.CO;2

Diill, R. 1991: Indicator values of Mosses and Liverworts. — Pp. 175-214 in: Ellenberg, H., Weber,
H. E., Dill, R., Wirth, V., Werner, W. & Paulifen, D. (eds), Indicator values of plants in Central
Europe. — Gottingen.

Ellenberg, H., Weber, H. E., Diill, R., Wirth, V., Werner, W. & Paulissen, D. 1991: Zeigerwerte von
Pflanzen in Mitteleuropa. — Scripta Geobot. 18: 1-248.

Hill, M. O. & Preston, C. D. 1998: The geographical relationships of British and Irish bryophytes. —
J. Bryol. 20: 127-226.

—, —, Bosanquet, S. D. S. & Roy, D. B., 2007: Bryoatt. Attributes of British and Irish Mosses,
Liverworts and Hornworts. With Information on Native Status, Size, Life Form, Life History,
Geography and Habitat. — Norwich.

—, Roy, D. B., Mountford, J. O. & Bunce, R. G. H., 2000: Extending Ellenberg’s indicator values to
a new area: an algorithmic approach. — J. Appl. Ecol. 37: 3-15. doi: 10.1046/j.1365-
2664.2000.00466.x

Holt, E. A. & Miller, S. W., 2011: Bioindicators: using organisms to measure environmental impacts.
— Nat. Educ. Knowl. 3(10): 1-8.

Kollmann, J. & Fischer, A., 2003: Vegetation as indicator for habitat quality. — Basic Appl. Ecol.
4(6): 489-491.



Flora Mediterranea 28 — 2018 177

Ros, R. M., Mazimpaka, V., Abou-Salama, U., Aleffi, M., Blockeel, T. L., Brugues, M., Cano, M. J.,
Cros, R. M., Dia, M. G., Dirkse, G. M., El-Saadawi, W., Erdag, A., Ganeva, A., Gonzalez-
Mancebo, J. M., Herrnstadt, 1., Khalil, K., Kurschner, H., Lanfranco, E., Losada-Lima, A.,
Refai, M. S., Rodriguez-Nunez, S., Sabovljevi¢, M., Sergio, C., Shabbara, H., Sim-Sim, M. &
Soderstrom, L. 2007: Hepatics and Anthocerotes of the Mediterranean, an annotated checklist.
— Cryptog. Bryol. 28(4): 351-437.

————— , —, Cros, R. M., Dia, M. G., Dirkse, G. M., Draper, 1., El-Saadawi, W., Erdag, A
Ganeva A, Gabnel R., Gonzalez Mancebo J. M., Granger, C., Herrnstadt 1., Hugonnot, V
Khalil, K., Kurschner, H., Losada-Lima, A., Luis, L., Mifsud, S., Privitera, M., Puglisi, M.,
Sabovljevi¢, M., Sergio, C., Shabbara, H., Sim-Sim, M., Sotiaux, A., Tacchi, R.,
Vanderpoorten, A. & Werner, O. 2013: Mosses of the Mediterranean, an annotated checklist.
— Cryptog. Bryol. 34(2): 99-283. doi: 10.7872/cryb.v34.iss2.2013.99

Wamelink, W. G. W. & van Dobben, H. F. 2003: Uncertainty of critical loads based on the Ellenberg
indicator value for acidity. — Basic Appl. Ecol. 4(6): 515-523. doi: 10.1078/1439-1791-00211

Addresses of the authors:

Michele Aleffi!, Luca Miserere? & Roberta Tacchi'

ISchool of Biosciences and Veterinary Medicine, Plant Diversity & Ecosystems
Management Unit, Bryology Laboratory & Herbarium, Camerino University. 62032-
Camerino (MC), Italy. E-mail: michele.aleffi@unicam.it; roberta.tacchi@unicam.it
2Via Melchiorre Voli, 14. 10135-Torino, Italy. E-mail: luca.miserere@fastwebnet.it







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


