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Abstract - The genus Sphagnum L. is studied through the révision of the Portuguese spéc­
imens collected in Continental Portugal, either kept in Portuguese herbaria or from 
author’s collections. Distribution patterns are presented in individual maps for each taxon 
and related to climatic and topographie conditions. Twenty one taxa are reported, mainly 
distributed in the Northwest, in coastal lagoons and in the Central Mountain range. In the 
last twenty years most of the taxa had their distribution areas enlarged because of inten­
sive fieldwork while others could not be conhrmed recently. Comments on their diagnostic 
characters, phenology and chorology are presented, in order to emphasise the importance 
of studying these taxa at a régional level and at the Southern limit of their Europe an range. 
Their conservation status is évaluated according to IUCN categories and compared to that 
of the Iberian Peninsula and also the main threats are identihed.
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INTRODUCTION

In Portugal the first référencé to Sphagnum dates from the beginning of 
the XIX century (Brotero, 1804). Until the beginning of the XX century others 
hâve further studied its variation and distribution (Leresche & Levier, 1880; 
Henriques, 1889; Sampaio, 1902; Coutinho, 1917; Machado 1913, 1917a, 1917b; 
Allorge, 1928), but only in 1932 (Machado, 1932) was this genus studied in 
Portugal according to the ongoing taxonomie criteria and integrated in a 
Portuguese moss fiora, as Casares Gil (1925) had donc before for the Iberian 
Peninsula as a whole. More recently important contributions about distribution 
areas in Portugal include the work of Sa Nogueira (1950), Sérgio (1969,1972), the 
révision of the herbarium of A. Machado (PO) (Séneca, 1989; Séneca et al., 1992) 
and Sérgio & Schumaker (1992). In Portugal, with few exceptions (Jansen, 1994), 
Sphagnum is usually absent from general ecological work either because of incom­
plète knowledge of the bryoflora in some areas, or because mires are not a com- 
munity type with significant expression in the area. Since mires are protected 
habitats and Sphagnum bas here its European Southern limit, régional révisions as 
the one here presented are intended to help other botanists to use Sphagnum in 
their ecological and conservation assessment investigations at these latitudes.
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The aim of this work is to présent distribution patterns of Sphagnum 
species known to occur in Portugal, with notes on the phenology, chorology and 
régional threat status as compared to that of the Iberian Peninsula.

THE STUDY AREA

The Iberian Peninsula, in which Portugal lies at the western part, occu- 
pies a Southern position in the temperate zone of the northern hemisphere (Fig. 
1). Its climate is strongly influenced by the seasonal latitudinal displacements of 
the Polar Front and by the general atmospheric flow from West to East. The 
Peninsula lies almost entirely within the oscillation band of this set of climatic con­
ditions. This déterminés a seasonal précipitation rhythm, less pronounced in the 
northwest, where the tails of the fronts still affect the area during summer so that 
a temperate bioclimate can be recognised (Rivas Martinez & Loidi, 1999). The 
strong relief and the compact form of the territory modify signiücantly the air 
masses, creating a true mosaic of régional climatic variants. The highest altitude 
lies in the central part of the country and is ca 2000 m, but the northwestern areas 
reach a maximum of ca 1500 m, though 1000 m is not unusual.

Végétation reflects mainly climatic parameters derived from the géo­
graphie conditions described above. The potential végétation consists mainly of 
woods of different species of Quercus that characteristically reOect the main bio- 
climatic domains. The Sphagnum taxa occur in open habitats, covering slopes, 
dépréssions or elevated plateaus mainly in areas above 500 m, and/or where the 
atlantic influence is stronger, like in the Coastal and sub coastal plains.

METHODS

The study area includes the continental part of Portugal. The Sphagnum 
material used was, besides from the author’s own collections, kept at PO, and the 
Portuguese specimens kept at the following herbaria: PO, LISU, LISE, LISFA, 
AVE, INA, COI and G (Vitt et al, 1985). This involved the study of ca 700 speci­
mens collected in Portugal. The material was determined or revised mainly accord- 
ing to Daniels & Eddy (1985, 1990) criteria. A list of specimens list will not be 
presented here but is available under request.

The distribution maps (Figs 3-21) were obtained by locating every col­
lection in a 10x10 km UTM grid. These maps also include literature référencés 
without corresponding herbarium material. The symbols used in the maps are:

□ for material collected before 1950;
■ for material collected after 1950;
O for literature référencés older than 1950;
• for literature référencés from 1950 onwards.
The occurrence of each taxon in Continental Portuguese provinces fol- 

lows Casas et al. (1985,1996) (Fig. 2), and is given at the end of every taxon’s com- 
ments. When the province référencé corresponds only to literature référencés, its 
name is shown between brackets. For each taxon, data on distribution, ecological 
requirements, rarity/vulnerability are mentioned.
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Fig. 1. Study area: hypsometric map of Continental Portugal with géographie coordinates and 
main towns.

Fig. 2. Map of Continental Portugal with provinces according to Casas et al. (1985-1996) and 50 
x 50 km UTM grid; shaded areas are those where Sphagnum is rare. Mi - Minho, DL - Douro 
Litoral; TM - Iras os Montes; BL - Beira Litoral; BA - Beira Alla; BB - Beira Baixa; Ri - 
Ribatejo; E - Estremadura; AAI - Alto Alentejo; BAI - Baixo Alentejo; Ag - Algarve.

DISTRIBUTION OF SPHAGNUM TAXA

Twenty-one Sphagnum taxa were identiûed as occurring in Continental 
Portugal. Some are restricted to particular relict areas while others are well - 
spread throughout the territory. In some areas only the taxa front the Subsecunda 
section occur. These are areas where the climate and/or topography conditions 
lirait the occurrence of complex Sphagnum communities. In other areas, 
Sphagnum species are well - integrated in mire complexes represented by well- 
developed populations, which occur along water depth and/or altitude gradients.
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SECTION SPHAGNUM L.

In this section three taxa were considered: S. palustre L. var. palustre, S. 
centrale C.E.O. Jensen and S. papillosum Lindb.

1. Sphagnum palustre L. var. palustre (Fig. 3)

This was the first Sphagnum recorded in Portugal (Brotero, 1804). It is the 
most common taxon of the section and occurs mainly in northwestern mountain 
ranges, locally in Coastal areas at 500 - 600 m and in the central part of the coun- 
try, Serra da Estrela, above 1600 m. It is never a locally abundant species. S. palus­
tre associâtes with other sphagna, mainly of section Subsecunda, at up to ten 
centimètres above water level mostly in shaded places. Its recently confirmed prés­
ence in Serra da Estrela and in two Coastal localities extends the Portuguese range 
(Casas et ai, 1992). However its real occurrence in Portugal is still probably under- 
estimated, especially in the northwestern Coastal mountains.
Distribution: Minho (Mi), Trâs os Montes (TM), Douro Litoral (DE), Beira 
Litoral (BL), Beira Alta (BA).

2. Sphagnum centrale C.E.O. Jensen (Fig. 4)

In Portugal only one specimen was determined as belonging to this taxon 
(Séneca & Daniels, 1994). It corresponds to an ancient collection, that had been 
misidentihed. The plants are quite young and show little capitula différentiation 
and a strong isophylly. The fact that this is an old collection and the lack of préci­
sion of its location, in the Central mountain range above 1600 m, indicates that 
more heldwork is necessary to conhrm its presence in Portugal. In the Iberian 
Peninsula this boréal taxon with continental tendencies (Duell, 1985) seems to be 
rare, since it bas been recorded for the Pyrenees, above 1700 m (Casas et al., 
1992).

This taxon has received different taxonomie treatments, so these plants 
are either considered to be a separate species (Crum, 1984) or a variety of S. palus­
tre (Daniels & Eddy, 1990). These authors also State that these plants often prés­
ent strong morphological plasticity, especially in areas with oceanic influence. On 
the other hand, isozyme analysis of populations of S. palustre, S. centrale and S. 
magellanicum Brid. in Poland revealed that S. centrale should be accepted as a dis­
tinct species, though doser to S. magellanicum than to S. palustre (Krzakowa et al., 
1995).
Distribution: Beira Alta (BA).

3. Sphagnum papillosum Lindb. (Fig. 5)

In Portugal S. papillosum occurs in mountainous areas: near the coast, 
above 700 m and inland, above 1600 m. The lack of recent collections rentiers its 
ecological characterization difficult, though the areas where it was spotted are 
subject to strong to mild oceanic influence. This influence can be nevertheless 
masked at a local topographic/microclimatic scale. The distribution of S. papillo­
sum in Portugal follows the same phytogeographic and altitudinal patterns, as it 
does in the whole Iberian Peninsula (Casas et ai, 1992).
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Figs 3-6 - 3. Known range of Sphagnum palustre in Portugal. — 4. Known range of Sphagnum
centrale, S. girgensohnü and S. angustifolium in Portugal. —5. Known range of Sphagnum papil-
losum in Portugal. — 6. Known range of Sphagnum molle in Portugal (□ before before 1950;
■ collections after 1950 ; O literature référencés before 1950 ; • literature references from 1950
onwards=.
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In Portugal only epapillose forms of this taxon are présent. In some cases 
these forms hâve been given the variety status and named S. papillosum Lindb. 
var. laeve Warnst. The occurrence of these forms in the territory and in the Iberian 
Peninsula was conürmed through the révision of some of the S. palustre material 
(Casas et al, 1992). Nevertheless, the diagnostic morphological characters used to 
distinguish this epapillose variety of S. papillosum from S. palustre do not seem to 
be very reliable (Crum, 1984; Séneca, 1999). The European distribution and 
chorology of epapillose S. papillosum are not clearly dehned as well as its ecolo- 
gical requirements (Nyholm, 1969; Duell, 1985; Daniels & Eddy, 1990). These 
forms need further morphological and ecological study in order to assess their 
taxonomie status. Otherwise confusion with S. palustre or even with S. centrale is 
possible (Crum, 1984).
Distribution: Minho (Mi), Beira Alta (BA).

SECTION ACUTIFOLIA WILS.

This section includes 6 taxa out of 15 known to occur in Europe 
(Flatberg, 1994). Some of them are among the most common sphagna in Portugal. 
Most of them grow well above the water level and show mainly minerotrophic and 
oligotrophic affinities.

1. Sphagtmm molle Sull. (Fig. 6)

This species was first collected during some phytosociological fieldwork 
(Braun-Blanquet et al, 1952). The corresponding material was determined latter 
as S. capillifolium (Ehrh.) Hedw. Barendregt & van den Dries (1984) also reported 
it from Portugal, though the corresponding material could not be studied because 
it was not found. The presence of S. molle in Portugal has only been conhrmed by 
some recent collections near the Atlantic coast (Séneca & Daniels, 1994). Its 
inland occurrence above 1600 m (Barendregt & van den Dries, 1984) needs fur­
ther confirmation in the field. Though frequently fertile throughout its range in 
Europe, ail the Portuguese material lacked sporophytes. In its Coastal locality it 
was found on open soil around Erica tetralix bushes at the edge of a small sloppy 
bog, belonging to a complex of small mires on the delta of River Vouga. This con- 
firms its sub-oceanic affinities (Duell, 1985).
Distribution: Beira Litoral (BL), Beira Alta (BA).

2. Sphagnum subnitens Russow & Warnst. (Fig. 7)

Sphagnum subnitens is the second most common Sphagnum species in 
Portugal after S. auriculatum Schimp. It is rather frequent in the northwest and in 
the sub-coastal mountain ranges, but is now apparently extinct from these areas in 
the Southern part of the country, e.g., in Monchique (Crundwell, 1956) due to tire 
and anthropogenic pressure. It occurs preferentially on wet heaths, on the exter- 
nal hydric belt of the mire complex or as part of hummocks, and is locally abun- 
dant especially in areas with oceanic influence at low to medium altitudes. At high 
altitudes it is less common and the individuals are less developed. Sometimes
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shoot iridescence on drying is not obvions and there exists a weak fibrillation on 
the stem leaf hyalocysts. The récognition of these plants or otherwise uncharac- 
teristic individuals as S. subnitens makes use of a set of characters found relevant 
for the Portuguese material: branch leaves length, always over or at least 1,4 mm 
long; the diameter size of their mid leaf dorsal pores always over 15 pm. Capsules 
are often présent in the summer, from lune to September.
Distribution: Minho (Mi), Douro Litoral (DL), Trâs os Montes (TM), Beira Alta 
(BA), Beira Litoral (BL), Beira Baixa (BB), Estremadura (E), [(Algarve (Ag)].

3. Sphagnum capillifolium (Ehrh.) Hedw. var. capillifolium (Fig. 8)

A significant part of the material kept in Portuguese herbaria was 
misidentified with S. subnitens. This happened to the first report of this taxon from 
Portugal (Mitten, 1853) based on a Welwitsch’s collection in Serra de Sintra [Beira 
Litoral (BL)]. The characters that better separate the two taxa were mentioned 
under the previous taxon. The présent range of 5. capillifolium in Portugal is now 
restricted to mountains above 1000 m, though older literature référencés indicate 
its presence near the coast. The plants were never found with sporophytes, and are 
seldom locally abundant. Like the previous taxon, S. capillifolium occurs well 
above the water level in heaths or rock crevices in mires where température 
amplitudes are wider than in oceanic areas. It occurs more frequently in 
ombrotrophic mires that seem to be restricted to the central part of the country 
above 1600 m (Séneca, 1999).
Distribution: Minho (Mi), Trâs os Montes (TM), Beira Litoral (BL), Beira Alta 
(BA).

4. Sphagnum capillifolium (Ehrh.) Hedw. var. tenellum (Schimp.) Crum (Fig. 9)

Daniels & Eddy (1985, 1990) considered this variety to correspond 
to Sphagnum capillifolium (Ehrh.) Hedw. var. rubellum (Wils.) A. Eddy. 
Nevertheless, the varietal epithet rubellum (Wils.) A. Eddy is illegitimate accord- 
ing to the International Code of Botanical Nomenclature (Flatberg, pers. comm.).

It is a very frequent taxon on external wet heath belts of oligotrophic 
mires or as a component of hummocks, well above the water level. It is more 
abundant at moderate - high altitudes (700-1600m) and reaches more oceanic 
areas than the type variety. Portuguese plants were never found with sporophytes. 
Both this and the type variety are in some cases difficult to separate in the field 
because the capitula form and the ranked arrangement of branch leaves are often 
not conspicuous. The best diagnostic characters for the Portuguese material are, 
besides its chorological and ecological data, the lack of fibrils and the septation, 
sometimes multiple septation, at the apex of the stem leaf hyalocysts, together 
with the branch mid leaf dorsal pores diameter, always less than 12 pm and 
smaller than those of S. capillifolium var. capillifolium. The occurrence of inter- 
mediate forms, particularly in oceanic areas, has been repeatedly reported 
(Daniels & Eddy, 1985; McQueen, 1989). There is no recent distribution map of 
this taxon for the European continent, which makes régional contributions 
(Fuertes & Munîn, 1995; Séneca, 1999; Feldmeyer-Christhe et ai, 2001) especially 
important.
Distribution: Minho (Mi), Douro Litoral (DL), Trâs os Montes (TM), Beira 
Litoral (BL), Beira Alta (BA).
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Figs 7-10 - 7. Known range of Sphagnum subnitens in Portugal. — 8. Known range of Sphagnum 
capillifolium in Portugal. - 9. Known range of Sphagnum capillifolium var. tenellum in Portugal. 
— 10. Known range of Sphagnum russowii in Portugal (□ collections before 1950; g collections 
after 1950 ; O literature référencés before 1950; # literature référencés from 1950 onwards).
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5. Sphagnum russowii Warnst. (Fig. 10)

This circumboreal taxon reaches Portugal at high altitudes, above 1600 m 
in areas with reduced oceanic influence. It apparently only occurs in Serra da 
Estrela mires where it forms low hummocks. It is locally abundant in moderately 
shaded mesotrophic fens, always above tire water level. After its first référencé 
(Séneca & Daniels, 1994) other collections were made in the same UTM 10x10 km 
square, confirming that it is not a rare taxon in the area, where it is integrated in 
well-structured communities (Jansen, 1994). It has been also reported from 
Montalegre, Trâs os Montes (TM) (Munrn & Fuertes, 1998) but these records 
could not be confirmed so far.

The Serra da Estrela populations could be considered a Quaternary relict 
due to the characteristics of the site (Janssen & Woldringh, 1981) and to the fact 
that it was not found elsewhere. If its presence in Trâs os Montes (TM) is con­
firmed, the area has most probaly the same geological history.
Distribution: Beira Alla (BA).

6. Sphagnum girgensohnü Russow (Fig. 4)

Sphagnum girgensohnü has the same distribution pattern as S russowii. It 
forms small to medium sized open hummocks in minerotrophic shaded mire areas 
with mesotrophic characteristics, well above the water level, sometimes in associ­
ation with S. russowii.Tht first record (Séneca & Daniels, 1994) consisted of plants 
always without capsules, growing under Calluna vulgaris or other species charac- 
teristic of wet heaths. Its records in Portugal fit well its chorological range, boréal 
- mount. (Duell, 1985) though further south than previously described for Europe 
(Daniels & Eddy, 1985). Together with S. russowii its occurrence in Serra da 
Estrela, above 1600 m, may well correspond to moss relict présences in the Iberian 
Peninsula.
Distribution: Beira Alla (BA).

SECTION SQUARROSA RUSSOW

Sphagnum squarrosum Crome (Fig. 11)

The first report of S. squarrosum in Portugal dates from the end of the 
XIX century; the specimen was collected by Isaac Newton on the surroundings of 
Porto and was later revised by S.O. Lindberg. This collection, near the coast in 
Portugal, at ca 50 m, contradicts the chorological tendencies described to date, 
since these indicate that, in temperate areas of Central Europe, S. squarrosum is 
restricted to high altitudes (Duell, 1985). Recent collections occur, in fact, in areas 
above 1600 m, in Serra da Estrela where it is locally abundant in the inundated 
margins, or even floating in meso- to eutrophic lakes. Rarely it also occurs in mats, 
associated with other Sphagnum species in shaded areas of wet heath, and it was 
never found bearing capsules. The first référencé could not be confirmed recently, 
so it would be wise to consider this taxon extinct in Porto surroundings (Douro 
Litoral province).
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The only other taxon from this section recorded in Serra da Estrela is S. 
ter es (Schimp.) Aongstr. (Barendregt & van den Dries, 1984). The material of this 
reference could not be conhrmed and the taxon itself has never been registered 
in the area since then. Therefore, S. teres should be considered to be absent in 
Portugal.
Distribution : Douro Litoral (DL), Beira Alta (BA).

SECTION SUBSECUNDA LINDB.

This section comprises the most widespread Sphagnum taxa in Portugal. 
They occur in every place where topographie and climate conditions faveur the 
development of Sphagnum communities. These taxa exhibit a great deal of mor- 
phological plasticity (Daniels, 1985, 1990; Séneca, 1999) that sometimes makes 
their détermination a difficult task and questions recent taxonomie treatments. 
According to the adopted taxonomie treatment this section includes six taxa in 
Portugal - Sphagnum subsecundum Nees subsp. subsecundum, S. subsecundum 
Nees subsp. inundatum (Russow) A. Eddy, S. auriculatum Schimp. f. auriculatum,
S. suriculatum Schimp. f. obesum Warnst. and f. crassicladum Warnst. and S. platy- 
phyllum (Lindb.) Sull..

Though S. denticulatum Brid. was found to be an older name for S. auric­
ulatum (Dirkse & Isoviita, 1986; Duell, 1992), this and other taxonomie treatments, 
e.g., Corley & Crundwell (1992) and Duell (1985), that adopt the name S. lescurii 
Sull., are rejected here. The taxonomie treatment adopted (Daniels & Eddy, 1985) 
was found more appropriate for the following reasons: S. lescurii corresponds to a 
North American taxon, whose presence in Europe is still to be proved; this name 
is too agglomerative, reducing to synonymy two taxa - S. auriculatum and S. sub­
secundum subsp. inundatum\ the affinities and différences of these taxa within the 
S. subsecundum complex are not taken into account if S. lescurii is used, at least 
within the complété range of the taxa’s distribution. On the other hand, Warnstorf 
(1911), when revising the type of S. denticulatum, included it in S. obesum Warnst., 
confirming the agglomerative nature of that name which prevents the distinction 
of the S. auriculatum forms. In the absence of other detailed morphometric stud- 
ies and population genetic and ecological investigations, it seems wiser to main- 
tain these entities separate as stated before (Hueber, 1998).

Sphagnum contortum K. F. Schultz - already recorded in the Iberian 
Peninsula (Fieras & Infante, 1997) and in studied territory - has been either 
included in S. auriculatum during this work or could not be conhrmed.

1. Sphagnum subsecundum Nees subsp. subsecundum (Fig. 12)

This taxon is the least frequent one from the S. subsecundum complex. It 
occurs in mesotrophic to eutrophic areas, either near the coast or in the north- 
western mountains, although it is never locally abundant. It colonizes inundated 
or simply wet areas, and forms loose tufts in exposed places, stream and river 
banks, or on turf soils as a ûrst colonizer of the muddy borders of mires. 
Sometimes the plants bear capsules, especially in material collected between dune 
and September. Some of the material hrst attributed to this taxon, particularly 
those of older collections, belonged to S. auriculatum (Séneca et al. 1992). Its 
occurrence in the central part of the country needs confirmation because the area
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Figs 11-14. 11. Known range of Sphagnum squarrosum in Portugal. —12. Known range of
Sphagnum subsecundum in Portugal. —13. Known range of Sphagnum subsecundum ssp. inun-
datum in Portugal. — 14. Known range of Sphagnum auriculatum f. auriculatum in Portugal
(□ collections before 1950; g collections after 1950 ; O literature référencés before 1950;
• literature référencés from 1950 onwards).
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has been devastated by Are during the last décades. It bas not been recorded in 
Serra da Estrela above 1600 m, an area thaï includes ail Sphagnum taxa known to 
occur in Portugal except most of the Subsecunda Section.
Distribution: Minho (Mi), Trâs os Montes (TM), Beira Litoral (BL), Beira Alta 
(BA).

2. Sphagnum subsecundum Nees subsp. inundatum (Russow) A. Eddy (Fig. 13)

This taxon occurs in areas subject to oceanic influence, from low to 
medium altitudes, up to 800 m. It thrives in the same type of areas as the type sub- 
species, though at lower water levels and in more shaded mesotrophic places, 
where individuals can présent quite robust habits. It frequently bears capsules, 
especially in the summer. It is readily distinguished from the type subspecies by 
the form and size of the stem leaves and by its ecology (Crum, 1984; Daniels & 
Eddy, 1985,1990). The taxon is frequently misidentiüed as S. auriculatum because 
of the liability of some morphological characters considered to be distinctive 
(Daniels & Eddy, 1985, 1990): the leaf number/divergent branch is a subjective 
character, because these leaves are not always neatly ranked so that counting is 
difficult, and the number of branches per fascicle, though consistent in undoubt- 
full specimens, can show some variation even along the same individual (Séneca, 
1999). The taxon is polymorphie and the confusion with S. auriculatum Schimp. 
affects individuals with a mixed combination of characters: fibrilation of the stem 
leaves sometimes exceeding one third of their length together with a characteris- 
tic number of branches/fascicle and the asymmetry of the basal branch leaves 
maintained simultaneously or not. Unequivocal establishment of the ecological 
limits throughout the range of the two taxa as well as morphomometric and 
genetic studies at the population levels are urgently needed for these taxa. In 
other areas these taxa are generally better individualized than in Portugal. 
Distribution: Minho (Mi), Douro Litoral (DE), Trâs os Montes (TM), Beira 
Litoral (BL).

3. Sphagnum auriculatum Schimp. f. auriculatum (Fig. 14)

This is the most abundant Sphagnum species. Wherever the conditions 
are appropriate for sphagna, S. auriculatum is présent. Its suboceanic tendencies 
are well expressed in Portugal. The plants occurring in the central mountain 
ranges are often underdeveloped individuals, with marked isophylly and very lit- 
tle capitula différentiation, always stérile and having the aspect of young coloniz- 
ers. It is probably hard for these plants to maintain adult colonies at these altitudes 
and in such severe winter conditions, where the snow cover can last from 
November to May or even later. In other areas in Portugal, the presence of indi­
viduals with sporophytes is not unusual, especially in the summer. The capsules are 
often overlooked because they generally develop from lower branches instead of 
capitula branches, remaining hidden from the surface of the mats.

It is generally found as a component of the centre of mire complexes 
where it occupies areas with meso- to oligotrophic characteristics, a few centimè­
tres higher than the water level, infrequently floating, or as part of spring mires 
which is generally the case of the southernmost populations. In the Quaternary, its 
distribution was extended further south (Séneca et al, 1992) but the post Holocene 
climate warmings shifted northwards the Southern border of its range.
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Plants of this taxon are extremely variable, showing a high degree of mor- 
phological plasticity, which is hardly correlated with main ecological factors. Most 
of the diagnostic characters work well for Portuguese plants, especially the per- 
centage of übrillated area in the stem leaves and their size. For the number of 
leaves/divergent branch see comments under S. subsecundum subsp. inundatum 
with which it often shares the same number of branches/fascicle.
Distribution: Minho (Mi), Douro Litoral (DF), Trâs os Montes (TM), Beira 
Litoral (BL), Beira Alta (BA), Beira Baixa (BB), Estremadura (E), Alto Alentejo 
(AAI), Baixo Alentejo (BAI).

4. Sphagnum auriculatum Schimp. f. crassicladum Warnst. (Fig.15) 
Sphagnum auriculatum Schimp. f. obesum Warnst. (Fig.16)

As the type form, these occur mainly in suboceanic areas, always border- 
ing free water, pools in the centre of mires, slow flowing stream margins and fre- 
quently floating or submerged. This particular ecology may be responsible for the 
occurrence of more normally developed individuals at higher altitudes than plants 
of the type form because of the buffering capacity of water in relation to tempér­
ature fluctuations. Plants of these forms are never found with capsules. They are 
extremely plastic morphologically, ranging from the normal aspect of the type 
form to very much loose individuals with very large leaves, either stem or branch 
leaves, though adult forms show marked heterophylly. The characters separating 
them from the type form are mainly the porosity of the branch leaves - either 
absent or disperse in obesum and crassicladum, respectivelly, and mainly ventral 
in crassicladum form. Nevertheless, other morphological characters common to 
both obesum and crassicladum forms should be considered: the relationship 
between length and width of branch leaf hyalocysts - these cells are in most cases 
longer and narrower than in typical forms of S. auriculatum - and width of chloro- 
cysts, which are nearly always wider in these forms. These characters are quite con­
sistent in the Portuguese material and could be investigated as diagnostic features 
that together with an accurate ecological characterization of the habitat would 
help to the délimitation of these taxa. There are no distribution maps of these taxa 
in Europe because, in most cases, they are not treated separately from the type 
form, though this information could also be useful for an additional chorological 
characterization.

Evaluation of the potential variability of the populations of these taxa 
seems to be fundamental to establish their relationships and/or to estimate their 
evolutionary status as separate entities. Both forms occur in the provinces men- 
tioned below (Figs 15 and 16).
Distribution: Minho (Mi), Douro Litoral (DF), Trâs os Montes (TM), Beira 
Litoral (BL), Beira Alta (BA), Beira Baixa (BB), Alto Alentejo (AAI), Baixo 
Alentejo (BAI).

5. Sphagnum platyphyllum (Lindb.) Sull. (Fig. 17)

In the course of this révision most of the herbarium material previously 
identified as S. platyphyllum was transferred to S. auriculatum. Only one record 
was kept as S. platyphyllum with some reserves, because leaf size was not as 
described, though the multilayered stem hyalodermis decisively contributed to its 
détermination. Anyway, the occurrence of this taxon should be confirmed with the
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collection of further material, though the rarity of this taxon has been reported 
from other European régions (Daniels & Eddy, 1985; Feldmeyer-Christhe et al, 
2001). Its collection at ca 500 m in an oceanic area agréés with other distribution 
patterns of bryophytes that, in oceanic areas, can occur at lower altitudes than they 
normally do in more continental areas.
Distribution: Minho (Mi).

SECTION CUSPIDATA LINDB.

From this Section only 3 taxa of the 16 recorded in Europe (Flatberg, 
1994), are presently registered in Portugal. Their occurrence is mostly limited to 
areas above 1000 m either in the north or the central mountain ridges, Serra da 
Estrela. Recent fieldwork in this area suggests the occurrence of two other taxa of 
this section, which are currently under évaluation.

Sphagnum cuspidatum Ehrh. ex Hoffm. (Fig.18)

The plants can présent terrestrial or aquatic habits, but the latter ones are 
the most common in Portugal. It is the most widespread taxon of the section, col- 
onizing the margin of oligotrophic lakes at the centre of mires or even submerged 
and floating. In these conditions the plants were never found with sporophytes. In 
one of the rare cases of detected terrestrial forms, the plants bore capsules, which 
is a very uncommon event in Portugal. Although described to hâve distinct oceanic 
tendencies (Daniels & Eddy, 1985), in Portugal S. cuspidatum only occurs above 
1000 m, and in sites where this influence is weak: areas where annual mean tem­
pérature varies between 6 and 12 °C and/or winters are more severe (Séneca, 
1999). Munm & Fuertes (2000) drew the Iberian map of S. cuspidatum though the 
recent collections in the northern part of the country were not included.

The recently described Sphagnum viride Flatb. (Flatberg, 1988) could be 
included in the S. cuspidatum collections, or be présent in Portugal, as suggested 
by some collections under study and also because it occurs in Spain (Munm & 
Fuertes, 1999). The close relation of the two taxa at morphological and, in some 
cases, ecological level, makes further study necessary for their séparation as dif­
ferent taxa. Although intermediate forms in northern Europe and in North 
America are not known (Flatberg, 1988), isozymic évaluation of différences fails 
to support this treatment, even in northern Europe (Hanssen et al, 2000). 
Distribution: Minho (Mi), Iras os Montes (TM), Beira Alta (BA).

2. Sphagnum flexuosum Dozy & Molk. (Fig. 19)

The occurrence in Portugal of S. flexuosum agréés with its chorological 
tendencies (Daniels & Eddy, 1985) because at these latitudes the taxon only 
occurs at high altitudes, where it forms extensive carpets far from the water level 
in mainly ombrotrophic grazed mires, being locally abundant. Its température 
requirements are even tighter than the previous taxon, since recent collections 
only refer it for areas with mean annual température of up to 9° C. Nevertheless 
it tends to occupy places or niches where the oceanic influence is slightly higher.



The genus Sphagnum L. in Portugal 117

100 km

Fig. 16

100 km

Fig. 18

0 100 km

Fig. 15

100 km

Fig. 17

Figs 15-18.15. Known range of Sphagnum auriculatum f. crassicladum in Portugal. —16. Known 
range of Sphagnum auriculatum f. obesum. — 17. Known range of Sphagnum platyphyllum in 
Portugal. — 18. Known range of Sphagnum cuspidatum in Portugal (□ collections before 1950; 
M collections after 1950 ; O literature référencés before 1950 ; S literature référencés from 1950 
onwards).
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Old records in areas other than the central mountain ridges are still to be con- 
firmed. In these mountains it seems to substitute the taxa of the S. recurvum com- 
plex at the community level (Séneca, 1999). The presence of S. recurvum P. Beauv. 
or taxa belonging to the S. recurvum complex has been reported (Jansen, 1994; 
Greven & van Melick, 1994) from Serra da Estrela, but the material is still under 
study.
Distribution: Minho (Mi), Trâs os Montes (TM), Beira Alta (BA).

3. Sphagnum angustifolium (Russow) C E O. Jensen (Fig. 4)

S. angustifolium occurs in areas with strong continental influence. It is a 
rare taxon that has been recorded only in the central mountain ridges above 1600 
m. It grows normally associated with other sphagna, above the water level and tol­
érâtes moderate shade. Température requirements, which seem to follow those of 
S. flexuosum, and its chorological tendencies, severely restrict the number of 
potential areas for its occurrence in Portugal. Plants were never found with cap­
sules. Its morphological similarity with S. flexuosum may cause some difficulties in 
the fleld, and thus an underestimation of their presence in the studied territory. 
The available Iberian distribution map (Munin & Fuertes, 2000) does not mention 
any record of this taxon in Portugal though its presence has been known in Serra 
da Estrela since 1916 (Machado, 1932).
Distribution: Beira Alta (BA).

SECTION MOLLUSCA SCHLIEPH.

Sphagnum tenellum (Brid.) Brid. (Fig. 20)

S. tenellum is rather frequent in Portugal. Frequently the plants bear cap­
sules being the flrst plants of Sphagnum to hâve mature sporophytes in the year, 
generally around May. It intégrâtes wet heaths in oligotrophic areas, in pure mats 
or together with S. subnitens, S. capillifoIlium var. tenellum or S. compactum, 
always above the water level. It is a locally abundant taxon occurring mainly in 
sub-oceanic areas. It occupies a rather wide range of altitudes, generally above 
900-1000 m, though near the coast it can grow at much lower altitudes. Its 
Portuguese range has been very much expanded by recent fieldwork and the prés­
ent distribution map (Fig. 20) updates the Iberian cartography of S. tenellum pre- 
sented by Munin & Fuertes (2000).
Distribution: Minho (Mi), Douro Litoral (DE), Trâs os Montes (TM), Beira Alta 
(BA).

SECTION RIGIDA LINDB.

1. Sphagnum compactum Lam. & DC. (Fig. 21)

The occurrence of S. compactum in Portugal is restricted to the driest 
parts of wet heaths well above the water level, mostly in association with S. tend-
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Fig. 20Fig. 19
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Figs 19-21. 19. Known range of Sphagnum flexuosum in Portugal. — 20. Known range of 
Sphagnum tenellum in Portugal.— 21. Known range of Sphagnum compactum in Portugal 
(□ collections before 1950; g collections after 1950; O literature references before 1950; # lit- 
erature references from 1950 onwards).
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lum or other peat mosses. In other cases the plants can also be found growing in 
wet rocks crevices probably because the plants are quite tolérant to summer 
drought. They are generally found with capsules around July. In some cases the 
plants develop large rounded capitula, mainly at higher altitudes, which contra- 
dicts the capitulum morphology generally presented in common descriptions. The 
taxon is usually locally abundant at ail altitudes, from the coast to nearly 2000 m 
in the central mountain ridges.
Distribution: Minho (Mi), Trâs os Montes (TM), Beira Alta (BA), Beira Litoral 
(BL).

DISCUSSION

Distribution data analysis

Early Sphagnum collections (before 1950) indicate that early sphagno- 
logic work was made either around the biggest urban areas or in areas where 
these taxa showed a priori a greater probability to occur (Fig. 22): the northwest- 
ern and central mountain ridges. Between 1950 and 1980, 30 new other 10x10 km 
UTM squares were recorded with Sphagnum species. These mainly corresponded 
to the central area of the country, either near the coast or inland. After 1980, 
Sphagnum species were recorded in 29 new 10x10 km UTM squares, correspon­
dis mainly to inland collections especially in the north. The collection of 
Sphagnum auriculatum in Southern areas like Setûbal Peninsula and Sado estuary, 
and particularly in inland sites are also important contributions from a chorolog- 
ical point of view.

Current data reveal an obvions and generalized expansion of the distri­
bution areas of the different Sphagnum species in Portugal (Fig. 22). Before 1950 
only 39 10x10 km UTM squares had registered sphagna occurrences, against the 
100 squares that presently record Sphagnum présences. Despite this, it should be 
considered to be extinct from five squares. These correspond to urban areas where 
building bas had a strong effect on the destruction of the sphagna habitats. Other 
areas, particularly in the northwest, also suffered a vulgarisation of the bryologi- 
cal and sphagnological dora due to anthropogenic influence, mainly drainage for 
agriculture purposes, a practice that began in the Quaternary. The most recent 
probable case of extinction is the southernmost record of Sphagnum in Portugal 
that corresponds to Sphagnum subnitens in Serra de Monchique (Crundwell, 
1956), which has no longer been found. The area has been strongly devastated by 
hre in the last décades, which probably caused its extinction. The other case is the 
Welwitsch collection of S. subnitens in the Serra de Sintra (Estremadura) that 
could not be found in the place for several years and thus also probably extinct in 
the area. The occurrence of this taxon in these Southern locations is a significant 
indicator of the bioclimate characteristics of these mountain ridges, and also 
reveals that climatic parameters are key ecological factors supporting mire com- 
munities in the core of the Mediterranean Région in Portugal.

The Portuguese sphagna occur mainly in the Eurosiberian région (Sérgio 
& Draper, 2001) and, in scattered spots, high enough or damp enough so that min­
imum moisture/low température conditions exist. The species chorological charac- 
ter is mainly oceanic and suboceanic, lacking ail species in areas with marked 
continental tendencies.
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As shown in Fig. 23, the greatest diversity of Sphagnum taxa is achieved 
in mountain areas, especially in the northwest and central mountain ridges. Annual 
précipitation can reach 3000 mm in the northwest, and the central mountains relie 
on the snow cover as an important réservoir of water available for these plants 
during warmer seasons. Both correspond to areas where vestiges of the Würmian 
glaciation period hâve been identified (Janssen & Woldringh, 1981; Coudé- 
Gaussen, 1981), which confers a relict character to some of the taxa and to the 
communities as well. Vestiges of Sphagnum material from this Ice Age were col- 
lected at more Southern latitudes than présent collections (Séneca et al., 1992), 
which helps to characterize the climate of the area by that time. Areas with fewer 
Sphagnum species are also interesting either because of the horistic composition 
of their bryophye communities (Séneca, 1999) or because of the climatic indicator 
value of taxa, which helps to characterize small areas with oceanic characteristics 
as enclaves in the Mediterranean région.

• • ••
•

■ ■ ■■

! ■■■

Fig. 22

Fig. 22 - Occurrence of Sphagnum species in Portugal during three periods of time: ■ collec­
tions before 1950; ■ collections between 1950 and 1980; g collections after 1980; □ literature réf­
érencés; locations where Sphagnum is known to occur from early collections until now; 
□ locations where Sphagnum is likely extinct.
Fig. 23 - Number of Sphagnum taxa registered in each 10 x 10 km UTM square: • 1; • 2-4; # 5-7; 
• 10;# >10
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Vulnerability of Sphagnum taxa

The évaluation of Sphagnum régional conservation status under Red List 
Categories and criteria (IUCN, 2000) following the guidelines of Hallingbâck et al. 
(1998) at a régional level (IUCN/SSC, 1999) indicates that 10 taxa should intégrale 
a list of threatened species (Table 1). The critically endangered (CR) taxa corre­
spond to unique isolated populations that, at least in the case of S. molle, are at 
considérable risk due to land use in the area. At the same time, considering repro­
duction strategies, distance and the habitat requirements for settlement, there will 
hardly be any income of propagules from other Iberian populations.

Sphagnum angustifolium was not included in the Iberian Red List (Sérgio 
et al., 1994), although more recent collections hâve conhrmed both ils existence 
and low frequency in ils classical collection site. The case of S. centrale and S. platy- 
phyllum is rather the same, but further held effort should confirm other occur­
rences, otherwise they could be considered extinct. The two considered 
endangered (EN) taxa correspond to two different situations: S. girgenshonii has 
a restricted occurrence and is not abundant in the area. At the same time, it occu- 
pies an area severely grazed. The epapillose variety of Sphagnum papillosum has 
not been evaluated before. Its material corresponds to old collections and, addi- 
tionally, its taxonomie status needs further investigation. Vulnérable (VU) taxa are 
mainly taxa represented by several populations, sometimes locally abundant, but 
restricted to few areas in the country. The income of propagules should perhaps 
only be considered to be likely in the case of S. cuspidatum due to the vicinity of 
the Galician populations. In this case, an upgrade of this threat category should be 
evaluated. On the other hand, according to the reproductive biology of the species 
(McQueen, 1985) that rarely produces sporophytes, this income relies almost 
exclusively on végétative diaspores that need an uninterrupted suitable habitat 
across the geographical border to effectively contribute to the maintenance of 
population levels. The other vulnérable taxa correspond to isolated populations at 
one site, which can be considered relict populations and thus considered to be 
endemics (IUCN/SSC, 1999).

Threats and Conservation

Mires in Continental Portugal are not a common type of habitat. Roughly 
they occupy ca. 0,01 % of the whole territory. Nevertheless, considering their geo­
graphical position, these habitats assume particular importance as they are made 
of patches of communities with peculiar dora, and are the main habitat for the 
Portuguese Sphagnum species. The absence in the territory of some of the 
European Sphagnum taxa means that their ecological rôle at the community level 
is taken over by others that, in areas near the centres of dispersion, hâve a more 
discriminative behaviour in relation to microhabitat parameters.

Another important feature that makes Sphagnum taxa important for con­
servation at this régional scale is the relative isolation and fragmentation of their 
populations and the relict character of some of them.

Although the Portuguese sphagna occupy a very restricted part of the 
global Sphagnum range and none of the taxa has a significant proportion of the 
global population in this country, they are taxa with small distribution areas 
included in mire communities at the southwestern border of their European 
range. In this case, though the Portuguese populations are unlikely to be impor­
tant for the global survival of these Sphagnum species, these and the mire com-
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Tabl. 1. Sphagnum taxa recognized in Portugal with synonyms used in ancient bryological 
Portuguese literature (Machado, 1932. Classification of the threat status according to IUCN Red 
List Categories and Criteria (IUCN, 2000) and compared to the one published in the Iberian Red 
List (Sérgio et al, 1994) for Portugal (between brackets). NT - Not Threatened; VU - 
Vulnérable; EN - Endangered; CR - Critically Endangered; R - Rare; Ex - Extinct; 
K - Insufficiently known species; ? - Conservation status not mentioned.

List of Sphagnum taxa 
occurring in Portugal

Ancient synonyms 
(Machado, 1932)

Threat status 
(IUCN, 2000)

Threat status 
(Sérgio et al., 

1994)

Sphagnum angustifolium
CE.O. Jensen

Sphagnum amblyphyllum
Russow var. parvifolium Warnst. CR B2a VU (?)

Sphagnum auriculatum Schimp Sphagnum auriculatum Schimp. NT NT

Sphagnum auriculatum
Schimp. f. crassicladum Warnst.

Sphagnum rufescens
Limpr., Sphagnum 
crassicladum Warnst.

NT NT

Sphagnum auriculatum
Schimp. f. obesum Warnst.

Sphagnum obesum
Warnst.

NT NT

Sphagnum capillifolium (Ehrh.) 
Hedw. var. capillifolium

Sphagnum acutifolium Ehrh.
NT NT (R)

Sphagnum capillifolium 
(Ehrh.) Hedw. var. tenellum 
(Schimp.) Crum .

Sphagnum rubellum Wils NT NT

Sphagnum centrale C E O.
Jensen

CR B2a VU(Ex)

Sphagnum compactant Lam. 
et DC.

Sphagnum compactum
Lam. et DC.

NT NT

Sphagnum cuspidatum Ehrh. 
ex Hoffm.

VU B2a R (VU)

Sphagnum flexuosum Dozy 
& Molk.

Sphagnum amblyphyllum
Russow

VU B2a NT (EN)

Sphagnum girgensohnii Russow EN B2a NT (VU)

Sphagnum molle Sull. CR Blab(iii); 
B2ab(iii)

VU(EN)

Sphagnum palustre L. Sphagnum cymbifolium Ehrh. NT NT (R)

Sphagnum papillosum Lindb. EN B2a ?

Sphagnum platyphyllum 
(Lindb.) Warnst.

Sphagnum platyphyllum
Warnst.

CR B2a NT (K)

Sphagnum russowii Warnst. VU B2a;D2 NT (VU)

Sphagnum squarrosum Crome Sphagnum squarrosum Fers. VU B2a;D2 VU(VU)

Sphagnum subnitens Russow 
& Warnst.

Sphagnum plumulosum
Rôll

NT NT

Sphagnum subsecundum Nees Sphagnum subsecundum Nees NT NT

Sphagnum subsecundum
Nees. subsp. inundatum 
(Russow) A. Eddy

Sphagnum inundatum
Warnst. NT NT

Sphagnum tenellum (Brid.) Brid. Sphagnum molluscum Brid NT NT
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munities they intégrale deserve conservation and monitoring as they represent, in 
many cases, unique and représentative communities in the country and even in the 
whole Iberian Peninsula.

Acknowledgements — The author wishes to thank Cecflia Sérgio for her helpful 
suggestions and comments, K. Flatberg for the critical révision of the manuscript, Ana Luîsa 
Coelho and the Editorial Board for the English révision of this work and the curators of 
the following herbaria: PO, LISU, LISE, LISFA, AVE, INA, COI and G for the loan of 
specimens.

REFERENCES

ALLORGE P., 1928 — Schedae ad Bryothecam Ibericam. 4e sér., num. : 1-50
ALLORGE E, 1947 — Essai de Bryogéographie de la Péninsule Ibérique. Paris, Paul 

Lechevalier.
BARENDREGT A. & van den DRIES P.J.L., 1984 — Fleathlands in Portugal.a study of 

the variation and distribution of the portuguese heathlands. Utrecht, Department 
of Botanical Ecology, University of Utrecht, 64 p.

BRAUN-BLANQUET J., PINTO DA SILVA A.R., ROZEIRA A. & FONTES F, 1952 - 
Résultats de deux excursions géobotaniques a travers le Portugal septentrional et 
moyen. I. Une incursion dans la Serra da Estrela. Agronomia Lusitana 14 (4): 303- 
28.

BROTERO F. A., 1804 — Flora lusitanica. Olissipone, 557 pp.
CASARES-GIL A, 1925 — Los esfagnales de la Peninsula Iberica. Memorias de la Real 

Sociedad Espahola de Historia Natural 13:1-77.
CASAS G, BRUGUES M„ GROS R.M. & SÉRGIO C. 1985 - Cartografia de Briôfits:

Peninsula Ibèrica i les Mes Balears, Canàries, Açores i Madeira. 1. Barcelona, 
Institut d’Estudis Catalans.

CASAS G, BRUGUÈS M., GROS R. M. & SÉRGIO G, 1996 - Cartografia de briofitos.
Peninsula Ibérica i Mes Balerares, Canârias, Açores i Madeira. 4. Barcelona, 
Institut d’Estudis Catalans.

CORLEY M.F.V. & CRUNDWELL A.G, 1992 — Additions and amendments of the 
mosses of Europe and the Azores. Journal of Bryology 16: 337-356.

COUDÉ-GAUSSEN G., 1981 — Les Serras da Peneda et do Gérés: Étude géomor­
phologique. Memorias Centra Estudos Geograficos 5, Lisboa, INIC.

COUTINHO A.X. P, 1917 — Musci lusitanici. Lisboa, lmp. Manuel Lucas Torres.
CRUM H., 1984 — Sphagnopsida, Sphagnaceae. In\ North American Flora, ser. II, part IL, 

Pub. N. York Bot. Gard., 80 p.
CRUM H. & SEPPELT R.D., 1999 — Sphagnum leucobryoides reconsidered. Contributions 

from the University of Michigan Herbarium 22: 29-31.
CRUNDWELL A.C., 1956 — Some bryophytes from Algarve. Broteria (Cienc. Nat.): 25(1): 

36-42.
DANIELS R.E., 1985 — An unusual form of Sphagnum auriculatum Schimp. from the 

Sierra de Gredos, Spain. Journal of Bryology 13: 337-344.
DANIELS R.E. & EDDY A.,1985 — Handbook of European Sphagna. Huntingdon 

(Dorset, UK), Institute of Terrestrial Ecology.
DANIELS R.E. & EDDY A.,1990 — Handbook of European Sphagna. 2nd Impression. 

Huntingdon (Dorset, UK), Institute of Terrestrial Ecology,
DIRKSE G. M. & ISOVIITA R, 1986 — Sphagnum denticulatum an older name for S.auric- 

ulatum. Journal of Bryology 14(2): 388-89.
DUELL R., 1985 — Distribution of the European and Macaronesian mosses

(Bryophytina). II. Bryologische Beitrage 5.
DUELL R., 1992 — Distribution of the European and Macaronesian mosses

(Bryophytina). Annotations and progress. Bryologische Beitrage 8/9.



The genus Sphagnum L. in Portugal 125

FELDMEYER-CHRISTHE E., SCHYDER N. & BISANG I., 2001 - Distribution and 
habitats of peat mosses, Sphagnum, in Switzerland. Lindbergia, 26(1): 8-22.

FLATBERG K. L, 1988 — Sphagnum viridum sp. nov., and its relation to S. cuspidatum. 
Kongelige Norske Videnskabers Selskabs Skrifter 1: 1-64.

FLATBERG K.I., 1994 — Norwegian sphagna: a field colour guide. Univ. Trondheim 
Vitensk. Mus. Rapp. Bot. Ser, 3: 1-42.

FUERTES E. & MUNIN E., 1995 — Révision y corologia de Sphagnum nemoreum Scop., 
S. subnitens Russ. & Warnst. y S.rubellum Wils. (secciôn Acutifolia Wils.) en 
Espana. Cryptogamie, Bryologie-Lichénologie 16(1): 19-34.

GRE VEN H. & MELICK H. von, 1994 — Bryologische impressies uit het Sterrengebergte 
in Portugal. Buxbaumiella 35: 23-29.

HALLINGBÀCK T., HODGETTS N., RAEYMAEKERS G., SCHUMAKER R., 
SÉRGIO C., SÔDERSTRÔM L. & VÂNA J. 1998 — Guidelines for application 
of the revised 1UCN threat categories to bryophytes. Lindbergia 23: 6-12.

HANSSEN L. SÂSTAD S.M. & FLATBERG K.I., 2000 — Population structure and tax- 
onomy of Sphagnum cuspidatum and S. viride. The Bryologist 103: 93-103.

FIENRIQUES J. A., 1889 — Catâlogo dos musgos encontrados em Portugal. Boletim da 
Sociedade Broteriana 2:186-219.

FIERAS P. & INFANTE, M., 1997 — Notas sobre la presencia de Sphagnum contortum 
(Musci) en Espana. Res. XII Simposio de Botànica Criptogâmica. Valencia, p. 269.

HUEBER H., 1998 — Sphagnum in der Schweiz und angrenzenden Gebieten: 
Bestimmungsschlüssel und Kommentare. Herzogia 13:1-36.

IUCN, 2001 — IUCN Red List Categories, version 3.1. IUCN Species Survival Commission, 
IUCN, Swizerland and Cambridge.

IUCN/SSC Criteria Review Working Group, 1999 — Draft guidelines for the application of 
IUCN Red List Criteria and Categories at National and Régional Levels. Species 
31-32: 58-70.

JANSEN J., 1994 — Heide und Zwerg Wacholdervegetation in den hoheren Stufen der 
Serra da Estrela (Portugal), unter besonderer Berucksichtigung des Potentillo. 
Callunetum. Berichtigung des Reinhische Tüxen Gesellschaft 6: 297-303.

JANSSEN C. R. & WOLDRINGH R. E., 1981 — A preliminary radioncarbon dated pollen 
sequence from the Serra da Estrela, Portugal. Finisterra 16(2): 299-309.

LERESCHE L. & LEVIER E., 1880 — Mousses récoltées en 1878 en Espagne et en 
Portugal. In: Deux excursions botaniques dans le Nord de l’Espagne et Portugal en 
1878 et /&59.Lausanne, pp. 164-178.

MACHADO A., 1913 — Musdneas do Minho. (Mise. Briologica). Tip. Minerva, Famalicâo.
MACHADO A., 1917a — Notas de briologia portuguesa. (Mise. Briologica). Brotéria. Série 

Botànica 15 (2): 49-63.
MACHADO A., 1917b — Notas de briologia portuguesa. Plantas novas para Portugal. 

(Mise. Briologica). Brotéria. Série Botànica 15 (1): 1-4.
MACHADO A., 1932 — Sinopse das briofitas de Portugal, I Musgos (Isobryales, 

Hookeriales, Hypnobryales, Buxbaumiales, Polytrichinales, Andreaeales, 
Sphagnales). Coimbra, Imprensa da Universidade.

McQUEEN C. B., 1985 — Spatial pattern and gene flow distances in Sphagnum subtile. 
The Bryologist 88(4):333-336.

McQUEEN C. B., 1989 — A biosystematic study of Sphagnum capillifolium sensu lato. The 
Bryologist 92(l):l-24.

MUNIN E. & FUERTES E., 1998 — Révision y corologia de Sphagnum russowii Warnst. 
(Sphagnaceae, Musci) en la Penlnsula Ibérica. Studia Botanica 17: 87-95.

MUNIN E. & FUERTES E., 1999 — Sphagnum viride in the Iberian Peninsula. The 
Bryologist 102: 135-146.

MUNIN E. & FUERTES E., 2000 — Distribution de Sphagnum L. Sect. Cuspidata 
(Lindb.) Schlieph. (Sphagnaceae, Musci) en la Penlnsula Ibérica. Botanica 
Complutensis 24:113-127.

NYHOLM E., 1969 — Illustrated moss flora of Fennoscandia. II. Musci. Fasc. 6. Lund, 
Botanical society of Lund.



126 Ana Séneca

RIVAS-MARTINEZ S. & LOIDI X, 1999 — Bioclimatology of the Iberian Peninsula. 
Itinera Geobotanica 13: 41-47.

SÂ NOGUEIRA G.B.S., 1950 — Catâlogo dos musgos da Serra do Gérés. Agronomia 
Lusitana. 2:179-200.

SAMPAIO G., 1902 — Cryptogamie. I. Herbario Portuguez da Academia Polythecnica do 
Porto. Anuario da Academia Polythecnica do Porto 25:1-95.

SÉNECA A., 1989 — Machado’s Portuguese moss collection: distribution, phytogeography.
Portugaliae Acta Biologica Sér. B, Sistematica,15: 331-345.

SÉNECA A., 1999 — Estudo ecolôgico e biossistemâtico do género Sphagnum L. em 
Portugal. PhD thesis, April, 1999, Universidade do Porto, Portugal.

SÉNECA A., SÉRGIO G, QUEIROZ P. & MATEUS X, 1992 — Sphagnum auriculatum 
Schimp.in Portugal with late Quaternary occurrences. Orsis 7:11-20.

SÉNECA A. & DANIELS R., 1994 — Four boréal sphagna new for the Portuguese moun- 
tains and Sphagnum molle in the Coastal plane. Journal of Bryology 18: 369-372. 

SÉRGIO G, 1969 — Contribuiçôes para o conhecimento da flora briolôgica de Portugal. 
III. Anuario de Sociedade Broteriana 5: 9.40.

SERGIO G, 1972 — Contribuiçôes para o conhecimento da flora briolôgica de Portugal.
V. Portugaliae Acta Biologica 11 (3/4): 388-418.

SÉRGIO G & SCHUMAKER R., 1992 — Contribuiçâo para o estudo da flora briolôgica 
do Parque Nacional da Penêda-Gerês. Portugaliae Acta Biologica Sér. B, 
Sistematica, 6:107-137.

SÉRGIO G, CASAS G, BRUGUÈS M. & GROS R.M., 1994 - Lista vermelha dos 
Briôfitos da Peninsula Ibérica [Red List of bryophytes of the Iberian Peninsula], 
Lisboa, ICN.

SÉRGIO C. & DRAPER D, 2001 — Bryophyte survey as a basis for the validity of the 
Mediterranean isoclimatic areas in Portugal. Bocconea 13: 89-99.

VITT D U., GRADSTEIN S.R. & IWATSUKI Z., 1985 - Compendium of bryology. A 
world listing of herbaria, collectors, bryologists and current research. 
Bryophytorum Bibliotheca 30:1-355.

WARNSTORF G, 1911 — Sphagnales. Sphagnaceae (Sphagnologia Universalis). In: Engler 
A. (Ed.), Das Pflanzenreich Regni Vegetabilis Conspectus, 51:1-546. 

YAMAGUCHI T., SEPPELT D, IWATZUKI Z. & BUCHANAN A.M., 1990 - 
Sphagnum (Sect. Buchanania) leucobryoides sect. et sp. nov. from Tasmania. 
Journal of Bryology 16: 45-54.




