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Thc airns of thi s slUdy are the description of thc bryophytc diversity 0 0 representati ve grass
lands in Serra da Estrela (Portugal) and their dependence relative lO dilferent management 
actions and vegetation types. Thc invcntory of bryophytes from major grassland assemblages 
was carrying Qut from 1992 lO 2000. The identification of ali taxa and th e regi stration of 
quantitative dala, of the most importao! meadow communi lies of Natura] Park of Serra da 
Estrela, will conlributc lo monitor future alterations in such communities. 
A list of 109 bryophyte taxa (27 hepatics and 92 mosses) from 52 plots is presented and 
percentage of occurrence of each spec ies is given for each type and sublype o f grassland. 
Bryo noristic survey and species preferences werc analyzcd using TW1NSPAN analysis. 

The Serra da Estrela constitutes the western part of the Iberian Sistema CentraI, in the 
east-central Portugal between 40" 15' and 40" 17' N and 7" 15' and 7" 50 ' W. The Natural 
Park of Serra da Estrela (PNSE) covers about 1000 Km2 The summit area is a biogeographic 
reserve, approved by the Council of Europe in 1993, and holds the highest peak ( 1993 m) 
of continental Portugal. The precipitation regime is marked by a Mediterranean influence 
in the annual rhythm. The vegetation of the Serra da Estrela reveals the presence of 5 or 6 
altitudinal bioc\imatic variants. As knowledge of the vegetation of the Serra da Estrela is 
no! sufficient to distinguish and attribute ali stages ofthe climax series, it is decided to use 
the more generai tenns far the five or six belts including them in one lower, one middle 
and one upper belI. The Serra da Estrela mountain range consists mainly of granite rocks 
in its centraI part and schists on its periphery. Many geomorphological structures have glacial 
and periglacial ori gin (Vieira 1998). 

Jansen ( 1997, 1999, 2002) has distinguished different types of grasslands in the Estrela 
Mountains, based on a phytosociological classification and characterized by vascular plant 
composition and in part, by some representotive bryophytes. There is very little inforrnation 
avai lable on bryophyte composition of grasslands in Portugal, particularly in the Serra da 
Estrela. 



1002 Sérgio & al.: Bryophyte diversity and impact ofland-use ... 

The aims of this study are to describe the present status of grassland bryophytes on 
representative sites and to relate this to different management procedures and vegetation 
types. 

An inventory of bryophytes from major grassland assemblages was performed in the 
Serra da Estrela from 1992 to 2000. The present paper is the result of a PAMAF project 
about pasture management for the production of the famous Serra da Estrela cheese and 
based in part on vegetation survey ofall biotopes developed by the third author (Jansen 2002). 

Methods 

Relevés were made according to the French-Swiss school of phytosociology (Braun
Blanquet 1964; Westhoff & Van Der Maarel 1973). Quantative occurrence was estimated 
according to the nine-fold scale of Barkman & al. (1964), transformed to nine Arabic 
numerals, I up lo and incJuding 9. The relevés were stored in a database with the computer 
program TURBOVEG (Hennekens 1996). In the synthetic phase TWINS PAN (Hi ll 1979) 
was used for arranging the relevés into more or less homogeneous clusters. SH IFTIAB 
(Hennekens 1996) has been used for obtaining an optimal classification by relocating relevés 
and species based both on field knowledge and the literature involved. 

Species nomenclature of vascular plants follows Floro Iberica as far as issued 
(Castroviejo & al. 1986-1999), Nova Flora de Portugal as far as issued (Franco 1971, 
1984; Franco & Afonso 1994-1998), otherw ise Flora Europaea 5 (Tutin & al. 1980). 
Nomenclature of syntaxa generally follows Rivas-Martinez & al. (! 999). 

An inventory ofplant communities including vascular plants and cryptogarns was made 
from 1992 to 2000 by the third author in the rramework ofhis thesis on the vegetation ecology 
of the Serra da Estrela. In grassland communities more than a hundred sample plots were 
made. Easy recognizable bryophyte species were identified in the field, but the rest were 
identified after they had been collected and stored in the Lisbon Herbarium (LlSU). 

For this study 52 sample plots were performed in selected grassland assemblages (Fig. 
I and Annex I). Ali sites Iie between 500 and 1840 m. 

The studied areas belong to !WO main different grassland types: mat-grass swards 
(Narde/ea-Na) and meadows (Molinio-Arrehena/here/ea-Mo) . Pasture areas (Pa), some 
with a rotation system of rye fields, were also considered far comparison with the different 
practices and management procedures. 

The nomenclature generally fo llows Corley & al. (1981) and Corley & Crundwell 
(1991) for the mosses and Grolle & Long (2000) for the hornworts and liverworts. 

Bryophyte taxa abundances were subjected to a TWINSPAN analysis (Hill 1979). Data 
from ali relevés were used in a first analysis, and then relevés 49 and 2 were down weighted 
as both correspond to particular conditions or diverse microhabitat si tuations. 

For each taxon (Annex 2) we mention the status in the Red List of [berian Bryophytes 
according Sérgio & al. (1994). 

Generai description or the grasslands 

The Serra da Estrela may have hosted natural grasslands in a few restricted places with 
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favorable site conditions. Grasslands that now oceur in the Estrela are ali more or less 
semi-natural. Their variation depends not only on climate, soil , altitude and topography, 
but also on the agro-pastoral system. In fact this system has brought about a rich variety of 
grasslands, some of which have a high species divers ity. Grazing influences the structure 
and composition ofthe vegetation, depending on the intensity, the rhythm and kind oflivestock. 

The preseot study involves two main semi-natural grass land types: mat-grass swards 
(Nardetea-Na) and meadows (Molinio-Arrehenatheretea Mo), as well as three pasture 
areas (Pa) with different agro-pastoral use. Flooded grassy banks of rivers, intensive pas
tures and resting places for cattle or other ani mais were not treated in the preseot study, 
neither the xerophytic summit grasslands that are hard ly grazed. 

We have assumed that the relevés made represent an adequate cross-section of the 
Estrelean grasslands and their management practices. 

Characterization of vascular and bryophyte vegetation 

Mat-grass swards (Nardetea)-Na 
Mat-grass swards (Portuguese: cervunais) are nutrient-poor grass lands on organic soil s. 

The European range of Mat-grass (Nardus s trieta) attains its southwestern limits in the 
Serra da Estrela. 

In the Estrela, according to Jansen ( 1999), three types of Mat-grass swards occur: I -
Mat-grass swards predominated by Fes tuca henriquesii (Na I in Annex 2); 2 - species-poor 
Mat-grass swards ofthe upper bel t (Na2 in Annex 2); 3 - species-rich Mat-grass swards of 
the middle bel t (Na3 in Annex 2). 

The tirst type is probably of primary origin, but the other two are assumed to develop 
to scrub or woodland if graz ing staps. The more representative species are: Nardus stric
la, Festuca henriquesii, Campanula herminii, Narcissus bulbocodium subsp. nivalis, 
Ga/ium saxatile subsp. saxatile, Ranuncu/us bu/bosus subsp. a/ae, etc. 

Festuca henriquesii grasslands-Nal 
It is assumed that areas with prolonged snowcover must have funetioned as a souree 

from whieh this strietly endemie grass once originated. Festuca henriquesii is the third fes
cue species occurring in the Estrela that is mentioned under Annex Il of the European 
Council Directive 92/43/EEC. 

These vulnerable grass lands prefer relatively well-drained soils in shaded situations 
below sheer north-facing cl iffs or in other places with prolonged snowcover and with 
around 70% grass cover. Soil-ti lled rock-tissures (Jansen 2002) provi de miniatures of this 
format. 

Some important bryophyte species can appear in small pastures to build a unique pop
ulation including: Bruchia vogesiaca, Rhizomnium magnifolium, Po/ytrichum alpinum, 
Barlramia ithyphy/la, Pleurozium schreberi and Sanionia uncinata. 

Good examples can be observed below sheer cliffs, especially in the vicinity of the 
Cantaros, Chancos and Rua de Mercadores (see studied localities in annex l and Fig. I). 

Biodiversity is higher in this Mat-grass community with a total of S6 species (12 hepatics 
and 44 mosses). 

Bryophyte composition of some Nardus communities , espeeially where Festuca 
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henriquesii is less frequent, shows affinities with the scrub vegetation of Juniperus com
munis L. subsp. alpina. Here bryophyte species like Bartrarnia ithyphylla, Kiaeria starkei, 
Pleurozium schreberi and S. un ci nata were nat recorded. However, other species are 
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Fig. I. Site positions (UTM Ixl km) where the relevés were made. Sol id lines show the boundaries 
of the NaturaI Park of the Serra da Estrela. 

frequent like Po/ytrichum piliferum, Dicranum scoparium and Brachythecium dieckii. 
These last two are also frequent in scrub vegetation composed of Juniperus (Sergio & Jansen 
2000). 

It is interesting to refer the presence of Ceratodon purpureus, Brachythecium rutabulum 
and Po/ytrichumjuniperinum in the relevés where they are more comma n with open or 
disturbed soil as a positive response to the nutrient enrichment of the substrate. 



Bocconea 16(2) - 2003 1005 

Nardlls grasslands of the upper belt- Na2 
(Galio saxalilis-Nardelllm, Genislo anglicae-Nardelllm) 
The relative species-poor mountain pastures dominated by Mat-grass (Nardus strie/a) 

occur in the higher middle and upper belI. Nard"s slricla is well adapted to grazing and 
trampling and consequently most successful in the summer pastures of the Estrela. These 
pastures are generally found in concave areas such as small depressions and extended valleys. 
In the depressions there is a generai accumulation ofmaterials washed down 3nd as a result 
the plants usually grow bettero The soils are usually humid lo wct as their organic nature 
raises their water-holding capacity. This is especially important during the dry summer 
periodo Spccics-poor Matt-grass swards are clearly semi-natural grasslands with more or 
less 70 % cover ofherbaceous spec ies, They can develop under a high precipitation regime 
on 'relatively deep and poorly drained soi ls through a long tradition ofpastoralism (cutting, 
burning, summer-grazing). On organic hydromorphic soils (peats) these pastures trans
grade into bog vegetation, whi le on drier soi ls (plateaux, convex areas) they become open 
xerophytic summit grasslands (lansen 1999). 

Depending 011 the environmental humidity, sai l nutrient concentration and Nardus 

cover, the bryophyte communities are often poor with a total of only 24 species (8 hepatics 
and 16 mosses). Jt is only close to small watercourses, on patches ofbare ground and open 
turfthat some hygrophytic species. like Anellra pinguis can occur. 

In severallocalities, as in the Vale de Rossim and Fontes, where the amaunt ofwater in 
the substrate is higher, some Sphagnum species can be found : as Sphagnum allriculatum 
(s. denticulalum), S. lenel/um, S. palustre and S. compactum associated with species like 
Aulacomnium palustre, Cal/iergon stramineum, Jungermannia gracil/ima and 
Cephaloziella elachisla. The latter was found for the Rrst ti me in Portugal in similar condi
lions (Sérgio & al. 2000). 

Nardlls grasslands of the middle belt-Na3 
Small species-rich Matt-grass swards from lower altitudes might have evolved through 

extensive year-round grazi ng and perhaps a touch of occasionai mowing, irrigation, and 
organic fertilization. They are found occasionally in the agriculturallandscape of the middle 
belt, often in contact with meadows (see localities studied in Videmonte). With the break
down of the traditional agro-pastoral system, these species-rich Matt-grass swards will 
disappear, because in order to maintain them, they need to be used in the traditional way. 
Such a breakdown is expected lo lead lo abandonment (invasion of scrub), in some cases 
to intensive husbandry (eutrophication, drainage) or conversion into woodland plantations 
(lansen 1999). These grasslands include a mix ofvascular species, some ofwhich are typical 
for Mat-grass swards; others have their climax in heaths or meadows. 

No bryophytes have been recorded in grasslands that have not been grazed in the past, 
apparently because of competition with vascular plants, particularly grasses which occupy 
the bare ground where the bryophytes could have established. On the other hand, some 
grasslands may have been grazed in recent years but st ill have a dense layer of grasses, 
perhaps due to a substrate eutrophication related to soil fertilization. In fact, the herbaceous 
cover is almost 100% in ali studied relevés. 
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Meadows (Molinio-Arrhena/here/ea)-Mo 

To supply his Iivestock with extra fodder, man invented mowing and the practice of irri
gation. As a result of this, the irrigated meadows were created. 

Meadows are cut in the growing season and may be grazed outside il, while pasture Ìs 
usually open to grazing ali year round. 

Under natural conditions, the meadows are enriched by an input of minerals from 
deposited silt or moving water. In addition, they may be supplied with organic manure. The 
long history of traditional use has led to high species diversity. Species from biotopes irrigated 
under natural conditions 5uch as floodplain pastures, tringes of riparian forests, Mat-grass 
swards, wet heaths, bogs or other (sub-) humid vegetation were able to invade this new 
biotope. 

Fortunately, in the Estrela many meadows stili have a high species diversity and merit 
to be maintained. Good examples can be observed in the plateau areas of Folgosinho and 
Videmonte (see localities studied in Annex I, Fig. I). 

Castillean Bent (Agroslis castellana) dominates a special group of these grasslands. 
These are not, or scarce)y, mowed nor actively irrigated. They constitute pastures 00 relative 
deep soils that are submitted to briefflooding, poor drainage, and relatively rapid desiccation 
in the early season. 

lt is impossible to describe ali kinds of meadows here. For a more extended, though not 
exhausting description, we refer to Jansen (2002). To give an idea, two major types are distin
guished, namely those which vary from dry to humid and those which vary trom wet to very wet. 

The vascular plants present around 80% of 10ta1 cover and the species more frequent or 
characteristic of these grasslands are: Festuca ampia, Agrostis castellana Holcus /anatus, 
Lotus pedunculatus, Dactylorhiza caramulensis, P/an/ago /anceolata, Mo/inia caerulea, etc. 

Grasslands of the Molinio-Arrenatheretea do not seem lo include a characteristic 
bryophyte flora since most of the occurring bryophytes are found in other communities. 
However, the biodiversity is considerable (55 including II hepatics and 44 mosses). 

Within Molinio-Arrenatheretea meadows the bryophyte flora is of low interest and is 
often found in other habitats. Species composition ofmeadows vari es mainly depending of 
nutrient status, mowing regime, grazing and trampling, and hydrology. Some bryophytes 
species are rheophytic species, Racomilrium aciculare, Racomilrium Jamprocarpum, 
Marsupella emarginata, Scapania undulata, and other elements more comman in turf like 
Aulacomnium palustre and Sphagnum species (S. aurieu/alum, S. subnitens). However, 
some robust species such as Calliergonella cuspidata and the mesophytic Brachythecium 
albicans , Bryum alpinum, B. pseudotriquetum and Philonotisfontana are able to persist in 
patches on small scii elevations in pastures. 

Others bryophytes species can develop in small micro-habitats as pioneers communities 
of cultivated soils (Stellarietea, Isoeto-Nanojuncetea) , between grasses (Ma in Annexe 2). 
In specitic temporal inundated gaps in these grasslands an interesting bryophyte flora of 
high interest may develop (see Pa3). 

These natural pastures are generally rich in edaphic humidity and develop in areas with 
deficient drainage. The vegetation cover is dominated by species of Molinio
Arrenatheretea. However, in some areas ofSerra da Estrela, where the humidity ofthe sub
strate is lower, Agrostis castellana dominates. 
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Pasture areas 

Most ofthe so-called ' outfields' have been used as pastures for a long time. Only some 
have been subjected to agricultural improvement, e.g. the irrigated terraced slopes or the 
plateaux with the rotation system of rye fields. As an example, we have studied 3 areas 
with different management procedures (Pa in Annex 2: Pal , Pa2 and Pa3). 

This type of community is poor conceming bryophyte diversity and only a total of 14 
taxa were identified in the three studied areas. 

Bryophytes form an important part ofthe structure of grasslands and the disappearance 
of the bryophyte layer can reduce the biological complexity as well as the biodiversity of 
the community. One ofthe reasons for this reduction is the increase of atmospheric nitrogen 
deposition (Carroll & al. 2002). This is particularIy important in centrai Europe as Dutch 
grasslands (During & Willems 1986). However, atmospheric deposition of nitrogen in the 
Serra da Estrela is negligible except perhaps shortly after heavy wildfires. 

It is accepted that vascular plant competition will be reasonably enhanced by fertilizer 
addition. However, studies have indicate that increase of nutrients do lead to a 1055 of certain 
bryophytes (Brown 1992). 

Rotation system, Sabugueiro - P_l 
One study area is situated north of Sabugueiro at an altitude around 1200 m. The land

scape here is frequently subjected to fire . The drier slopes are largely covered by shrub 
forrnations (mostly broom: Cytisus multiflorus and C. slrialus); the more humid slopes are 
sometimes covered with Genista florida shrub. Some of the broom shrubs are sometimes 
cut and mixed with dung from the stable. The mix is used to fertilise the arable lands and 
horticultures. The shrub lands are extensively grazed. The shrubs often forrn mosaics with 
pioneer communities, including annual herbs and grassland species, with about 80% of 
total cover (mostly belonging to He/ianthemetea and Ste//arietea). The pioneer species 
al so invade the areas that are part ofthe rotation system ofrye fields, fallow lands (pousio) 
and broom scrub. This rotation system is mostly applied on relatively well-drained gentle 
slopes and plateaux. In a subsequent phase some bryophyte species of these fallow lands 
will succumb to taller vascular plants, particularIy grasses (e.g. Ho/cus mollis, Agroslis 
castellana, Festuca rubra s./.). The area can be seeo, as an example of a landscape typical 
for the northwestem part of the middle belt of the Serra da Estrela. 

The rye fields include acrocarpic and pioneer species as Bryum radicu/osum, B. 
torquescens, B. elegens, Ceratodon purpureus, Funaria hygrometria, Pleuridium acumi
natum. These species are very short lived above ground but maintain themselves by sub
terranean tubers (rhizoidal gemmae and bulbils) often forming a considerable diaspore 
bank in the soil. They are able to colonize new cultivated areas. However, the most com
mon species found in these pastures are Bryum alpinum and Polytrichum juniperinum, 
mosses al so frequent in ali other types of grasslands. Nowadays, in similar humid depres
sions, generally at lower altitudes, the practice of irrigated pastures is nowadays aban
doned, but these tields are stili used as passing pastures. 

Irrigated hay-meadow, Videmonte - P_2 
The area around Videmonte is a good example of the landscape of the northern plateau 

in the Estrela. The agro-pastoral system here shows strong affinity with the northem 
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Portuguese mountain areas. Vineyards and maize are not comman in the Videmonte area. 

The low nutrient level of the meadow in combination with active irrigation, create the 
ideai preconditiol1s for Isoeto-Nanojuncetea communit ies that occupy micro-sites within 
the meadows (Jansen & Sequeira 1999). These small biotopes are eonsidered priority 
Natura 2000 priority habitats. 

In aur relevés the herbaceous vegetation presents about 95% of CQver, the bryophyte 
layer is also high 70-80%, integrating only six speeies. 

Important bryophytes of these miero-sites are: Philonotis tomentella, as well as 
Fossombronia wondraczekii and Cephaloziella slellulifera, showing Mediterranean
Atlantic affinities. 

Terraeed landseape, The Loriga Valley - Pa3 

The studied area around the Loriga Valley is a good example of the terraeed landseape 
of the southem slopes of the Estrela (Fig. 2). The loeation is in the southem part of the 
Estrela and the altitudes are lower, providing a milder climate campared to the other areas 
tre.ted in thi s study. The re lat ive steep slopes could only be used for agriculture after 

Fig. 2. The Loriga V. lley is a good ex ampie ofthe terraeed landscape ofthe southern slopes 
of the Estrela 
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terraces had been constructed. 00 the terraces you may find vineyards and small o live 

graves (both facilitated by a suitable climate), the latter often with grassy undergrawth that 

can be used whole year round as pasture areas for livestock. Horticulture is frequently 

practiced in the vicinity of the villages and as in Sabugueiro and Videmonte, A rotation system 

of arable lands (mostly rye and oat), fallow lands and scrub is applied here too in com bi

nation with grazing (mainly sheep and goats). A brilliant irrigation system guarantees 

enough water supplies. 

The different relevés made in this area present a total caver of 91 % grasses, but in some 

terraces it was observed that communities dominated by scrub occupy pragressively the 

abandoned lields (Fig, 2 B), 

Only seven species have been observed here, but including l,I.hynchostegium megapoli

tanum, Brachythecium rutabulum, Hypnum cupressiforme (ali pleurocarpous species) and 

Ceratodon purpureus and Bryum rubens (both acrocarpous), This last species is ex elusive 

ofthis area and the lirst locality ofthe Serra da Estrela (Sérgio & al, 2001), 
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Fig. 4. Results of major divisions of the TWINSPAN classification of the different pasture types in 
the Serra da Estrela, according to their localisation in the areas studied (49 sites, Annex I). Light grey: 
Mat-grass (Nardus stricta), Dark grey: Meadows (Molinio-Arrehenatheretea) and black: Pasture 
areas. 49 relevés were used in a first analysis and then two relevés (CFl and CNI) were down 
weighted as both correspond to particular conditions or diverse microhabitats situations. 

Bryofloristic analysis and species preferences 

A list of 109 bryophyte taxa (27 hepatics and 92 mosses) from 52 plots is presented in 
Annex 2. The percentage occurrence of each species is given for each type and subtype of 
grassland. 

For ali species the status in the red list oflberian Bryophytes is indicated (Sérgio & al. 1994). 
The two dendrograms (Figs 3 and 4) represent the results using analysis for ali relevés 

and ali species. Figure 4 in the first and second major TWINSPAN divisions, separating 
the 109 taxa and 49 relevés into four major groups based in species abundance within each 
relevé. The first dendogram shows the division until the yd level, along with the indicator 
species for each group. 

The species groupS!l and Q indicate the elements exclusive to Mat grasso However, the 
more frequent species and those exclusive to Na I are in the Q group, e.g. Kiaeria starkei, 
Po/ytrichum a/pinum, Bartramia ithyphy//a and Sanionia uncinata. 

The species from l: group and the out-Iayer g group, with Bryum capillare, correspond 
to taxa that can be found in ali type of grasslands (semi-natural and pastures). The analysis 
al so shows that the higher bryophyte diversity is found in Mat-grass (Nal areas, although, 
some affinities with meadows (Mo) in the ç group were observed. In this group, some 
species are not exclusive but typical of nutrient enriched open soils and disturbed places 
or are frequent in burnt sites, Iike Brachythecium rutabu/um, Ceratodon purpureus, 
Funaria hygrometrica, Po/ytrichum juniperinum, Rhynchostegium megapo/itanum. 



Bocconea 16(2) - 2003 1011 

We can al so note that the first two taxa are bryophytes that are comman throughout agri
cultural landscapes in Danish semi-natural grasslands (Ejrnaes & Poulsen 200 I). 

It is interesting to note, that the other groups (~, f, g) include elements characteristic of 
wet conditions: Sphagnum species, Aulacomnium palustre, Phi/onotis seriata and 
Brachythecium rivulare. These were ali abundant. However, species of group ,!;. are main
Iy from dripping rocks or rheophilous conditions (Brachythecium rivulare, Bryum 
pseudotriquetrum, Philonotis fontana and P seriata), and those from the f group are from 
soils rich in humus or peat (Aneura pinguis, Bruchia vogesiaca, Aulacomnium paluste and 
Sphagnum spp.). In contrast, B. alpinum was observed in ali types of pastures. This last 
species shows a considerable tolerance to drought stress and is characteristic of seasonal
inundated vegetation, e.g. open sandy soil (Jansen & Sequeira 1999). 

The dendrogram (Fig. 4), represents the major divisions ofthe TWlNSPAN classilication 
ofthe different pasture types, according to their places in the areas studied (49 relevés). 

The results show that, in generai , there is a correspondence between the three types of 
vascular communities and the biodiversity ofbryophyte assemblages associated. In fact, it 
is in Nardus grasslands that the bryodiversity is higher with the shoot density of vascular 
plants favouring bryophyte colonization. It is alsa clear that there is an important relation 
between meadows of the Molinio·Arrenatheretea and pastures with occasionai mowing, 
irrigation and organic fertili zation. These harbour bryophytes tolerant to soil improvement 
like those relevés in the centre of dendrogram (Fig. 4). Indeed, some pastures subjected to 
a natural agricultural improvement are located in the vicinity of Molinio-Arrehenatheretea 
areas. Here the same species are growing as in the irrigated terraced slopes or in the rye 
fields with rotation systern. 

Evaluation of the status of threatened and rare species 

Bryophyte species reflect the biodiversity richness afa given region; as they are the best 
elements that can be used as bioindicators (Sérgio & al. 2000). 

Figure 5 represents the ecological value of each pasture type, considering the species 
included in the Red List (Ex, E, V and R) ofbryophytes tram the Iberian Peninsula (Sérgio 
& al. 1994). The more important grasslands for conservation actions are theMat-grass 
(Nardus stricta) where threatened bryophytes are better represented. In fact, Bruchia 
vogesiaea, may be considered the most important bryophyte (Sérgio & al. 1998), from the 
conservation point ofview as it, is a vulnerable/endangered and priority species in Europe 
(ECCB, 1995) and the Iberian Peninsula. 

In generaI, the bryophyte flora of Molinio-A rrenatheretea and Nardetea pastures 
include a considerable number ofspecLes, although some ofthem are not exclusive ofthese 
communities. In reality, the btyophyte species, besides those ofthe aforementioned meadows, 
are also important in pioneer communities of cultivated soils (Stellarietea, Isoeto
Nanojuncetea), or turf soils (Oxycocco-Sphognetea), or humid pastures (Scheuchzerio
Carieeteafuscae) and other types ofvegetation related to pastures, sueh as shallow water 
and other seasonally-inundated habitats. 

An important part ofthe grasslands has not yet been analysed. From the grasslands men
tioned by lansen (1997, 2002), at least the following have not been studied: therophytic 
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Bryophytes ofdifferent grassland types in Serra da Estrela 

Pasture areas 

Molinio

Arrhenatheretea 

Narde1ea 

0% 20% 40% 

18 

50 

60% 80% 100% 

Fig. 5. The species percentage of the conservation status of each pasture type, considering the species 
incJuded in tbe Red Lis' (Ex, E, V and R) ofbryophytes from the Iberian Peninsula (Sérgio & al. 1994). 

grasslands, xerophytic perennial grasslands of slopes and xerophytic summit grasslands. 
We stress the importance of continuing the investigations of grass lands in arder to assess 
their contribution to the biodiversity and unique ecologica I position of the Estrela. In the 
last few years, a considerable number of new plant species have been reported from this 
area, some of which were found in xerophytic grasslands (Jansen & al. 1999; Jansen 2002). 

Conclusions and measures to protect bryodiversity in grasslands 

Grasslands that now aceur in the Estrela are ali more or less semi-natural. Their variation 
depends not only on climate, soil, altitude and topography, but also on the agro-pastoral 
system. In fact, this system has brought about a rich variety of grasslands, some with a high 
'species diversity. , 

Unfortunately, there are insufficient data to permit an analysis of how species response 
is affected by trampling at different seasons or intensity, but for bryophytes it seems essential 
to produce new open spaces in the grasslands. 

On the other hand, the different practices of land use and management procedures have 
a considerable impact on plant biodiversity. Although same of them are, at least locally, 
creating areas where bryophytes diversity is maintained, other act ions may have 
contributed to the decline of the plant communities. As referred above, the natural pastures 
are absent and the semi-natural cultivated pas tures may represent important habitats to 
preserve biodiversity. However, neglect of the traditional agricultural practices leads to a 
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negative impact in these communities. 
The pastures of the Serra da Estrela are a good example of this situation. From the 

floristic analysis and the environmental quality ofthe sites (in the Natural Park ofSerra da 
Estrela) under different management procedures, we can conclude: 

The changes in land-use and cultivatioT1 practices often result in an increase of grass 
density with a negative impact on the diversity and richness ofthe vascular and bryophyte 
floras. 

The stability ofsome ofthe open habitats referred in the Habitats Directive (92/43/CEE) 
depends on the intensity and type of grazing. Apparently, through competition with 
vascular plants, bryophytes species can disappear, as in some Nardetea grasslands. 

The meadow communities include special sensitive vegetation units. Any change in 
their management may contribute to a decline in their diversity and the communities 
related to thern. 

The use of a rotation system is important to preserve some pioneer communit ies. The 
wet heaths and meadows should be considered similar. 

Grazing is important to preserve grasslands, heathlands and other 'matos'. 

Mowing (sometimes in combination with irrigation) is important to preserve some 
Molinio-Arrhenatheretea grasslands. 

The present study provides a referenee point from whieh future ehanges in the flora can 
be assessed. The identification of ali taxa and tbe registration of quantitative data. as a 
resull- of the phytossociological study of the most important meadow communities of 
PNSE, will contribute to monitor future changes. These include plans to raise public 
awareness on conservation matters, to promote regional development, to create nature 
conservationJeducation actions and to foster the development of environmentally tourism 
as a major future economie feature of the region. The development of a strategy for 
sustainable traditional agro-pasture management and the creation of an advisory service 
for product diversification, processing, quality improvement of regional products mainly 
for Serra da Estrela cheese. 

[n generai, and according to the conclusions of this work, the grass communities, 
including the pastures with strong human intluence, show a great ecologica I interest from 
the biodiversity conservation viewpoint. This is important support to improve the quality 
of life in the region and the amenity ofthe landscape for locals and visitors. 
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Annex I 

Addresses of the authors: 
Ceci li a Sérgio·. César Garcia & Palmira Carvalho, Jardim Botànico. Museu 
Nacional de Hist6ria Natural, Centro de Ecologia e Biologia Vegeta i, Lisboa. 
Manuela Sirn-Sim, Depanamento de Biologia Vegeta i/Centro de Ecologia e Biologia 
Vegetai. Faculdade de Ciencias, Lisboa. 
Jan Jansen, University of Nij megen, Department of Ecology, Sect ion Experimental 
Plant Ecology, Nijmegen. 
(.)E-mai l csergio@fc .ul.pt 

Different grass land types, localities and re levées (Na, Mo and Pa). (A li in Beira Alta: Serra da 
Estrela, with locality, UTM Ixl km, altitude, author, date, nO relevée). The locality abbreviat ions (in 
bold) correspond lo the use in the TWINSPAN analysis. From a total of 52 relevés, only 49 (in bold) 
included bryophytes. 

Na l- RCI- Malhadas do Cume, Ribeiro do Cume, 29TPE1767, 1790 m, Jansen 1991 , 91-029, 
ReI. 67. 

Na l- RC2- Ribeira do Cume, 29TPE1767, 1800 m, Sérgio, Séneca and Jansen 1992,8210-82 12. 
Na 1- PCl-Frag~o do Poio dos C~es, 29TPE 1767, 1790 m, Jansen 1992, 92-1 72, ReI. 187 
Na l- CRI- N ofCan'aro Raso, 29TPE I964, 1840 m, Jansen 1992, 92-19 1, ReI. 203. 
Na 1- CA I-S do Cantaro Magro, 29TPE 1965, 1790 m, Jansen 1992, 92- ReI. 222. 
Na l- RMI-Rua dos Mereadores, 29TPE I 864, 1870 m, Sérgio and Jansen 1995, 10174- 10180. 
Nal- RM2-Rua dos Mercadores, 29TPE 1965, 18 10 m, Jansen 1992,92-245, ReI. 239. 
Na l- RM3-Rua dos Mercadores, 29TPE1865, 1870 m, Sérgio and Jansen 1995, 10164-10173, 

ReI. 379. 
Nal- RM4-Rua dos Mercadores, 29TPE 1864, 1870 m, Jansen 1995, Re I. 380. 
Nal- RM5- Rua dos Mercadores, 29TPE1965, 18 15 m, Jansen 1996,96-127, ReI. 586. 
Nal- RM6- Rua dos Mercadores, 29TPE1965, 1790 m, Jansen 1996, 96-129, ReI. 588. 
Na l- RM7-Rua dos Mercadores, 29TPE1965, 1790 m, Jansen 1996,96-130, ReI. 589. 
Nal- CHI-Chancas, 29TPE 1866, 1650 m, Jansen 1995, 95-064, ReI. 4 17. 
Na 1- CLI-Clareza, 29TPE 1866, 1860 m, Jansen 1996,96-110, ReI. 567. 
Na l- CL2- Clareza, 29TPE 1866, 1850 m, Jansen 1996,96- 170, ReI. 630. 
Na l- CBI- Cov~o Boieiro, 29TPE1766, 1850 m, Jansen 1996,96-156, ReI. 616. 
Na 1- CMI- Curral do Martins, 29TPE 1969, 1720 m, Jansen 1992,92- \38, ReI. 170. 
Na l- API- A1,o da Pedrice to Casealvo, 29TPE2162, 1650 m , Jansen 1992, 92-280, ReI. 262. 
Na2- CCI-N ofBarragem do Covao do Curra l, 29TPE 1570, 15 10 m, Jansen 1996, 96-072, ReI. 
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530. 
Na2- FOI -Fontes, 29TPE1470, 1430 m, Jansen 1996,96-074, ReI. 532, 533. 
Na2- VR2- Vale de Rossim, 29TPEI 872, 1470 m, Jansen 1997,97-234, ReI. 88 1. 
Na2- RFI - Ribeira do Forno, 29TPE3286, 1190 m, Jansen 1997,97- 158, ReI. 803. 
Na2- SE I- S ofSeixo, 29TPE3489, 1230 m, Jansen 1997, 97-1 60, ReI. 805. 
Na3- QF I- Quinta da Fragusta, 29TPE3377, 980 m, Jansen 1997, 97-1 11, ReI. 762. 
Na3- QF2-Quinta da Fragusta, 29TPE3377, 980 m, Jansen 1997, 97- 113, ReI. 764. 
Na3- AVI- Alvarròes, 29TPE4080, 1090 m, Jansen 1997, 97-252, ReI. 900. 
Mo- CPI-Covao da Ponte, 29TPE2678, 895 m, Jansen 1996,96-065, ReI. 523. 
Mo- CF I-Barragem Covao do Ferro, 29TPE1570, 1480 m, Jansen 1996,96-081 , ReI. 539. 
Mo- SAI-S-s lope ofSalgadeira, 29TPE3385, 1100 m, Jansen 1996,96-086, ReI. 544. 
Mo- SA2-S of Salgadeira, 29TPE3285, 1100 m, Jansen 1996, 96-088, ReI. 546. 
Mo- AL I-Vale de Alforfa, 29TPE2063, 1460 m, Jansen 1996,96- 11 6, ReI. 575. 
Mo- SBI- Estrada de Sao Bento, 29TPE1067, 1080 m, Jansen 13.5.97,97-026, ReI. 664. 
Mo- TEI- Termos, 29TPE3186, 1180 m, Jansen 1997,97-167, ReI. 812. 
Mo- VRI-Videmonte, Quinta da Veleda, 29TPE3483, 845 m, Jansen 1997, 97-217, ReI. 864. 
Mo- CN I- Covòo da Nave, 29TPE1565, 1600m, Jansen 1997,97-246, ReI. 894. 
Mo- VVI-NE ofCasal da Vargem de Vide, 29TPE2678, 950 m, Jansen 1996, 96-0 14, ReI. 467. 
Mo- VII - Videmonte, 29TPE3687, 1040 m, Jansen 1996, 96-023, ReI. 476. 
Mo- C OI- N ofCorujeira, 29TPE41 86, 700 m, Jansen 1997,97-020, ReI. 659. 
Mo- MAI - Caldas de Manteigas, 29TPE237 1, 800 m, Jansen 1997,97-038, ReI. 677. 
Mo- MA2- Caldas de Manteigas, 29TPE237I , 800 m, Jansen 1997,97-039, ReI. 678. 
Mo- CVI - Vale de Zezere, Covais, 29TPE2371 , 890 m, Jansen 1997,97- 131, ReI. 776. 
Mo- CV2- Vale de Zezere, Covai s, 29TPE2370, 890 m, Jansen 1997,97- 132, ReI. 777. 
Mo- VE I- Verdelhos, 29TPE3 I 72, 540 m, Jansen 1997, 99-003, ReI. 642. 
Pal- PSI to PS4 -Fraga da Varanda to Sabugueiro, 29TPE 1675, 1300-1400 m, Sérgio, Garcia 

&Jansen, 2000, ReI. P I, P2, P3, P4. 
Pal- PV I to PV2- Videmonte. Lameiros a seguir à povoaçào, senti do S-N, 29TPE3687, 1040-

1050 m, Sérgio, Garcia & Jansen 2000, ReI. P I, P 2. 
Pa3· PL I, PL2- Loriga. Ribeira de Loriga a jusante da povoaçào, 29TPE 1164, 650m, Sérgio, 

Sim-Sim & Garcia 1998,2000. ReI. PI , P2!P3. 

Annex 2 

List ofbryophytes present in the grassland types studied in the Serra da Estrela, with refe
renee to their endangered status aceording to the lberian Red List (Ex, E, V and R) (Sérgio 
& al. 1994). The speeies abbreviations eorrespond to the ones used in the TWINSPAN 
analysis. Percentage of species occurrence in the different grassland types is shown. 

N. ' N.2 N" M. .,, P.2 P., Total 

R,d NumMr o(relevé!; 18 , 3 17 4 2 3 52 
lisi 

Abbrev. rax. o/, % % % o/, % % % 

Hepatics 
R ANEPIN Ancurn pinguis (L.) Dumon. 20 1.9 

R BARFLO Barbitophozia floerkei (t". Weber & D. Mohr) Loeske , .. I.' 
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Annex 2. (continued). 

IlARIIAT Barbilophoà .l halch ... r i (A. Evans) Locsk ... 11. 1 3.8 

V CALFIS Calypogcia fissa IL) Raddi 40 3.8 

R CALMLJE Calypogcia muc llcriana (Sch itTn,) MO lI. Frib. 11.1 20 5.8 

CALSI'H Calypogcia sphagnicula (Arnell & J. l'crss.) WarllSI & Locskc 5.9 1.9 

V CEl'iUC Ccphaloziu bicuspidata (L.) Dumort. 56 20 J.8 

C[I'CON Ccph:llozia connivcns (Dicks.) Lindh. 20 1.9 

CEI'DlV C<."phalozicl la di varicala (Sm .) Sehi Ilh. 16.7 5.8 

CEI)ELA Ccphalozi.;lIa d~!chi stil (Jack ex GOII. & Rabcnh.)Schillh. 40 3.8 

C EPSTE Ccph,lloziclla sldlulifcm ITaylor ex Sprucc) Schi nìl. 5.9 1.9 

CF:I'TUIl Ccphaloziclla turncri (1Iook.) Mu lI. Frih. 20 1.9 

R DlI'AL8 Diplophyllum albicuns (L.) Dumon. 11.8 3.8 

DIPTAX Diplopllyl lum ulxifoliu1ll (Wahlcnh.) f)umOl1 . 5.6 1.9 

FOSWON Fossombron ia wondraczckii (Corda) Lindb. SO 1,9 

,.' RUTAM Fndlonia tamarisci (1..) Dumorl 5.9 1.9 

JUNGRA JungcTmannia gm!:i llillla Sm. 20 5.9 ),8 

JUNIIYA Jungcrmallil ia hyalill:l Lycll 5.6 1.9 

E LOPIUf) Lopho!:olca bidcntala (L.) DUJ11on. 5.9 1.9 

R LOI'LON Lophozia longinora (Nccs) SchifTll. 5.6 1.9 

R LO!'VEN l.ophoziu v~nlrieo~a (Dieks.) DlI l1wrt. 5.6 1.9 

LOI'WEN Lophozia \\'~nzclii (Nces) Slcph, 5.6 1.9 

V MARt:MA Marsupella cll1llrgill~lla (Ehrh .l DUl11011. 5.9 1.9 

R !'LAI'OR l' lagiochila porelloidcs (Torrcy ex Nees) Li l1lkn h. 5.9 1.9 

SCASl!B Seapatlia subalpina (Nees ex Limkno.) DUIl1\1rt. 5.6 1.9 

SCAUNIl SCilpaniil llnJulatOl (L.) DUlllurl. 5.6 5.9 3.8 

TRIQlIl Trilomaria quinljllCdé'1l1<lla (HlIds.) H. 13ueh 5.9 1.9 

Mosses 
AMI'MOLI Alllphidiulll Illougeotii (8 & S.) Sehimp. 5.9 1.9 

ANTCU R All tilrieh ia !:lIrlipcndllla (l lcdw.) 11r\l1. 5.6 1.9 

AULrAL Aulaeomnillill palustre (l lcdw.) Seh\\acgr 5.6 100 (7.6 17.3 

" BARCON Baroub convolula lled\\'. 5.9 1.9 

BARITI~ Bannunia ilhyphy lla Urid 27.8 9,6 

IlARN)M Bannl llli <l pUlll iformis I kdw. 5.6 20 5.9 5.' 

" BRAALIJ Brachythccium albicans (Hcdw.) IL S. & G. 23.5 7.7 

BRAillE BrJchythccium dicckii Rocl l 22 7.7 

IIRARIV Brachythcdulll rivularc B., S. &G . 5,l) 1.9 

V URARUT BrachYlhcciuln nllabu lulll (Hedw.) B., S. &G. 5.0 66.7 5.8 

BR UVOG Bruchia vl'gcsiIK'(l S~hw~cgr. 22 7.7 

HKYAU' 13ryulll alpillulll With. 20 35.3 25 SO 66. 7 li 

" HRYCAI' Bryulll c~lpillarc Hcdw. ) 1.8 33.3 5.8 

BRYELE Bryllill ckgans Ne<!s in Brid. 2S 1.9 

" IJRYMIN I3ryulll min ii Podp. 5,9 1.9 

IIHYI'AL Bryum pallesccns Schkich. ~ x Sdl\vacgr. 5.6 1.9 

"IH' I'SE BryUlll pscudotriquctnll ll (Hedw.) Gacrtll .. Mcycr & Sdl~rb . 20 4 1.2 15.4 

K IJRYRAI) Bryllill mdieu losulll Brid. 2S 1.9 

IJRYRUn Bryum rubcns M iII. 667 3.8 

IIRYTOR Br)'um torqucsccns R. &S. 25 1.9 

CALSTR Call icrgon ~lramincum (Brid .) Kindh. 20 1.9 
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Annex 2. (continued). 

CALCUS Clillicrgollcl1a cuspidata (lkdw.) Lllèskc 29.4 9.6 

CERPUR Ceralooon purpureus ( I/edw.) Brid. 55.6 11.8 100 100 Jl 

V CYNRRU C)'nodomium bnm10nii {Sm. ' B., S. & G. 5.9 I.' 
C VN.IEN Cynooonlium jcnncri (Schimp.l Stirt. 11.1 3.' 

" mC" .:T DiC,..Jndla hctcromalla (1-1(:<1\\'.) Schimp. 11.8 3.8 

n lCeRA DicrJllum cI1issifo1 ium Sérgio, Ochyra & S':ncca 11.1 3.8 

OI CSCO DiCf3nUIll scoparium Hcdw. 33.3 1.5 

EUHSWA Eurhy"chium all". hians 5.9 1.9 

ElJRPRA Eurhynchium pral:lungu l11 (Hcdw.) IL S.eIG 20 17.6 7.7 

FLJNHYG Fumida hygromclrica I-led \\'. 25 I.' 
GH. ICUIl. Grimmia curvata (Brid.) Dc Sloovcl' 16.7 5.9 7.7 

HEOSTE 11I:dwigi:1 stcllata Hcden:ts 11.1 3.8 

" HETHF.T Hctcrocladium hctcroptcrum 13., S. & G. 5.6 5.9 3.8 

HVLSI'L lIylocomium splc lldcns (I-Icdw.) 13. , S. & G. S.t) 1.9 

HYPCU I' Hypnum cuprcssiformc Hcdw. 16.7 5.9 33.3 9.6 

" HYrCUl'l "Iypnum cupress iformc (1·ledl\'.) var. lacunusuill I3 rid. 5." 1.9 

HYPIMP Ilypnulll imponens I ledw. 5.' 1.9 

ISOHOL lsotheeium holl ii Kindb. 5.9 1.9 

" ISOMYO ISOlhccium myosuroidcs Brid. 16.7 5.8 

KIASTA Kiaeria Slarkci (Heb. & Mohr) I. Hag. 38.9 ]).5 

MNlliOR Mniuffi homum Hedw. 5.6 5.9 3.8 

ORTR UI' Or1holrichum rupestrc Schleich. & Schwac~r. 5.' 1.9 

PH IFON J'hi lonOlis fontana ( Hcdw.) I3rid. 35.3 11.5 

l' HI SER Philollotis seriala Min. 5.6 5.9 3.8 

l'HITOM Philonol is lomcntclla Mul. IflO 3.8 

l'lAAFF" J> lagiomni um amne (B land.) T. Kop. 5.9 1.9 

"lAI) EN 1'Iagiothcc ium demiculal llm \"l r. obtusifolium (Turn.) Mnor.' 5.6 1.9 

l'lANEM J>lagiothccium ncmoralc (Mil1.l Jacg. 5.6 1.9 

"LEAC U l'leuridium acumina tuffi Lindb. 5.9 SU SO 7.7 

PLF.SC H Pkurozium schrcho:ri (Brid.) Miti. 11.1 3.8 

POGALO J>ogonatum alo ides (I·ledl".) P. lleauv. 5.9 1.9 

l'OGNAN l'ogonatum nanum (I-Icdll'. ) P. Beauv. 5.9 1.9 

PO HANIl l'ohtia afT. ;mdalusica tHfihn) Broth. 5.9 1.9 

I>()HANN l'ohlia annOlina (Hcdw.) Lindb. (scnslI Shaw) II.! 20 3.8 

PO HC R U Pohlia cruda (I-Icdw.) Lindb. 5.6 1.9 

R POHELO l'ohlia clongala I-Ied\\'. 5.6 5.9 3.' 

" POHN UT Pohlia nutans (/lcdw.) Lindb. 5.6 1.9 

POLALI' Polylrichum alpinuln Hcd\\'. 50 11.8 21.1 

POLCOM Po/Ylrichum commune Hed\\'. 5.<- 40 29.4 100 19.2 

POU"OR Polytrichll ln fo rmosu nl I·/cd\\'. 5.' 1.9 

"Ol •• IUN l'olylrichum juniperinum Iledw. 22 Il.8 50 33.3 17.3 

POLP IL l'oly!richum pili fcnlm Hedw. 38.9 20 ll.lì 19.2 

PSEHOI{ l'scudocrossid ium humschuchianum (K . . Schuhz) Znlldcr 5.9 1.9 

PSEf.lF. l'scudotaxyphillul11 c legans (Brid.) I\\'ats. Il .1 3.8 

RACElO Racomitrium clongalum (Ehrh.) Frisvo ll 1\.1 '0 5.9 !J.5 

R RAC LAM Racomitriurn I;lmprocarrum (C. Mudl.) JlICg. 5.9 1.9 

R RAC MAC J{acomitri urn maeounii Kindb. ex Kind b. ssp. macouni i 5.6 5.9 3.' 
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v RACSU I) Racomilrium SUdl'11cUm (Funck) B .. S.&G. 5.6 I.' 
RH IMAG Rhizomnium magni folium (Horik.) T. Kop. 5.6 I., 
RH l pUNe Rhi l.omnium ptJnI,:talum (I-!cdw.) T. Kop. 5.6 I., 
RHYLOR Rhytidiadclphus lon:us (licdw.) Wamsl. 16.7 5.' 7.7 

SAN UNC Sunionia undnata (l lcdw.) Locskc 50 !7J 

SC LP UR Sclcropodium purum (Hcdw.l Limpr. 5.' I., 
SC LTOU Sclcropodiu1l1 !aureli; (B rid.) L Koch S .• l.' 
SPHAUR Sphagnum auriculaturn s.ial. 5.6 'O 17 .6 15.4 

" SJ>l-I COM Sphugnum com paclum Dc. ex Lam. & Dc. 20 l.' 
SP HPAL Sphag,num ilH lustrc L. 20 1.9 

SPIISUB $pha!;nuill subnitcns Russ. & Wamsl. ex Wamsl. 20 17.6 7.7 

SPtlSUUS Sphagnum subsccundum Nces c.~ Stunn. 20 5.' l .' 
R SPHTF.N SphaJ;num Icncllum Ehrh . ex \-Iuffm. 40 l.' 

WARFL U Wurnslortia fl ui tans (Hcdw.) Locskc 5.9 l.. 
Total 56 24 O 55 8 5 8 

numbtr 




