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The total number of bryophyte taxa for each UTM square (10 km) in Portugal is given and the
general phytogeographical variation of the bryoflora is outlined. Some cumulative maps are dis-
cussed and finally a phytogeographycal synthesis is presented. Maps of species distribution
have always been a valuable tool for the evaluation of bioclimatic zones and for the
Mediterranean area, some bryophytes taxa, as Riccia and Sphagnum, are good examples. The
limit of Mediterranean influence in Portugal given by this bryofloristic analysis is compared
with the phytogeographical division proposed by different authors for Portugal. The conclu-
sions lead to the identification of two different situations in Portugal relative to endemic groups,
that are related with the possible center of origin.

Introduction

Portugal is part of the Iberian Peninsula, in the mid latitudes of the northern hemisphere
and in the vicinity of the Mediterranean Basin. It presents a very pronounced variation of
climatic influences and the ecosystems range from small areas with boreal systems to large
zones with thermo-xerophytic vegetation. On the other hand the oceanic influence has an
important part to play in the maintenance, in restricted areas, of an evergreen broad-leaf
trees vegetation related to Tertiary subtropical forests.

The Iberian Peninsula comprises about 20% of the surface area of the Mediterranean
region (Quézel 1985) and Portugal covers more than 75% of the area in this region (70000
Km?to 91000 Km?) according to Médail & Quézel (1997).

In Portugal and northern Spain some bioclimatic criteria and woody vegetation types
were used to distinguish the Eurosiberian from the Mediterranean region (Tormo Molina
1992, Morla & Pineda 1985, Moreno & al. 1990). However, due to pronounced geomor-
phological contrasts, the boundaries between both phytogeographic regions are not always -
easy to define.

Welwitsch (1872) is excited in the pointing out, for the first time, the presence of some
bryophytes in Portugal, at low altitudes, that are characteristic in highlands in central
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Europe e.g. Andreaea rothii and Scapania undulata. The phytogeographical importance of
the Iberian bryoflora was also expressed in Allorge’s works (1931, 1947) as the conse-
quence of its geographical position and long term isolation (Sérgio 1990).

Apart from interesting and well defined distribution patterns in the Iberian cartography
(Casas & al. 1985, 1989, 1992, 1996) and in the Red List of Iberian Peninsula (Sérgio &
al. 1994) there is no single synthesis of the total data from Portuguese bryophytes. Araujo
(in press) has recently used an important biodiversity approach and presented some corre-
lations between the distribution patterns of vascular plants, pteridophytes and bryophytes.

The aim of this work is to determine whether the bryophytic vegetation, based on bio-
diversity data, can delimit the phytogeographyc regions (Eurosiberian and Mediterranean)
in Portugal. On the other hand it is possible to present the main centers of biodiversity and
the endemic “hot-spot” areas. So a further objective of this work is to show the relation-
ship between the conventional bioclimatic criteria and both the bryofloristic composition
in Portugal and with the endemochorologic centres.

Methodology

Species data included in this study are based on all records of bryophytes referred from
Portugal, in different works and dates (about 25000 records). Each locality is integrated in
the UTM grid (10 x 10 km). The first stage of analysis was to select the different species
recorded in each 10 km square (about 10700 records). Each Portuguese region, “provin-
cia” is considered for each record and the abbreviations used correspond to those of Casas
& al. (1985) (Fig. 2).

The cartographic methodology used to support this work is based on Desktop Mapping
software application.

The nomenclature mainly follows Corley & al. (1981) and Corley & Crundwell (1991)
for the mosses, and Grolle (1983) for the liverworts.

The information on bryophyte chorology and criteria for phytogeographical analysis are
based on Diill (1983, 1984, 1985, 1992) as well as those used in the Red List of Iberian
Peninsula (Sérgio & al. 1994) with small alterations.

Results and discussion

In Portugal, despite its small area (92000 km?) and low altitudes (less than 2000 m
a.s.l.), the bryophyte flora is very rich with about 38% of the whole European taxa and
65% of the Iberian bryoflora (Sérgio & al. 1994).

The bryophyte flora of Portugal consists of about 670 taxa, including more than 25 new
other ones compared to the former list by Sérgio & al. (1994). So there are 7,3
species/1000 km?, or 137 km?/species).

Biodiversity characterisation
As for the distribution patterns of bryophytes in Portugal as well as species richness, the
results are related to different factors such as: historical; accidental finds; environmental
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variables particularly due to the climatic
influences (Sim-Sim & al. 1995, Sim-Sim &
Sérgio 1998).

The biodiversity analysis corresponds to
the presence and absence of all bryophyte
taxa in 10 km squares. This analysis shows
that, despite the presence of a large number
of made worked squares, particularly sig-
nificant in eastern regions, certain points
can be stressed concerning the results of the
different biodiversity patterns:

This evaluation shows (Fig. 1) that there
are no records from 383 squares correspon-
ding to about 40% of the total area of
Portugal. From the studied squares we can
evaluate + 12 taxa on average. There is a
significant number of squares (32 squares)
with only one species referred to them,
however some squares (13) have a high
species richness with more than 180 taxa.
Some of these correspond to the mountain
areas of Gerés (NG62/NG72), Bussaco
(NES56), Estrela (PE16/PE17), Sintra
(MC69) and Monchique (NB33). These
richer squares correspond, as expected, to
areas of natural reserves specially in the
northern part of Portugal such as Peneda-
Gerés, Estrela, Aires-Candeeiros and in the -
South to the Serra Monchique mountain. In ~ Fig. 1. Total number of bryophyte species recor-
the Alentejo it is important to refer the ded in each 10 Km square (range: 0-1; 2-30; 31-
richness of S. Mamede Natural Park 80 81-180 and 181-375 species by square)
(PD46), which has been recently investi-
gated (Sérgio & al. 1997), with about 225 species.

The difference in species diversity between areas depends in great part upon hetero-
geneity in habitat within the region (habitat complexity). However, another result which
also emerged from the analysis is the finding of squares with high biodiversity due to his-
torical reasons or with significant differences given by different studies. Examples are the
region of Paredes do Coura (NG34) Oporto (NF25/NF35), Coimbra (NE45), and Lisbon,
as result of the early works of Machado, Newton, Henriques and Welwitsch, respectively.

Phytogeographic approach

A synthesis of the results obtained for the present biodiversity of all bryophytes (Fig. 2)
reveals the following chorological data. The results, corresponding to the simplified class-
es of phytogeographical elements, are displayed in figure 2, where the different UTM
squares, and each regional area are shown.
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The alpine and subarctic-subalpine cate-
gories have a very small representation
throughout the country. The highest pro-
portions are in the northern regions where
the highest mountains exist (about 3%)
(Figs. 2 and 5).

The boreal elements are relatively few in
Portugal but are well represented to the
North of the river Tagus, in Minho, Tras-
os-Montes, Douro Litoral, Beira Alta and
Beira Baixa (Figs. 2 and 6).

More than 40% of Portuguese species
are included in the oceanic, sub-oceanic and
oceanic-mediterranean elements (Figs. 2
and 3) which are very well and regularly
‘represented throughout the country (Fig. 2).

As it would be expected, the mediter-
ranean species are relatively well repre-
sented but with a large percentage to the
South of the river Tagus (Fig. 2 and 4).
They are particularly evident in Alentejo
and Algarve.

There is a considerable number of tem-
perate species in Portugal that occur more
or less regularly in all regions, with about
20-35% in each 10 km square (Fig. 2).

Taxic diversity

The taxic diversity is a measure of the
dispersion of a taxonomic group (Bisby
1995) and can present an interesting per-
spective for some Portuguese bryophytes.
A taxonomic group that presents a particu-
lar bioclimatic requirements can give
important information about the biogeo-
graphical position of the occupied area. We
can present two examples.

The mediterranean climate is the most
important component of the abiotic factors
for some bryophytes such as the
Marchantiales (Jovet-Ast & al. 1976).
Therefore Riccia species distribution can
define the potential ecosystem as being the
Mediterranean type in Portugal (Fig. 7).
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Fig. 2. Different phytogeographical elements of
bryophytes species (in %) recorded by each
region. Species were assigned to phytogeogra-
phical patterns based, with few adaptations, on
criteria used for all European regions (Diill
1983, 1984, 1985).

Legend: 1: arctic-alpine and subarctic-subalpine (sub-
arctic-alpine, dealpine, subarctic); 2: boreal (subbo-
real, subcosmopolite-boreal, subcosmopolite-subbo-
real); 3: suboceanic (-subalpine, suboceanic-alpine),
oceanic (euoceanic, oceanic-subtemperate, oceanic-
subalpine) and oceanic-mediterranean (suboceanic-
mediterranean, suboceanic-submediterranean); 4:
mediterranean, submediterranean-suboceanic and sub-
mediterranean; 5: temperate (temperate-subalpine).
Regional abreviations: Mi: Minho, TM: Tras-os-
Montes e Alto Douro, DL: Douro Litoral, BL: Beira
Litoral, BA: Beira Alta, BB: Beira Baixa, E:
Estremaura, R: Ribatejo, AAl: Alto Alentejo, BAI:
Baixo Alentejo and Ag: Algarve.
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Fig. 3-4. Total number of oceanic with sub-oceanic and submediterranean with mediterranean
bryophytes respectively recorded in each 10 Km square (range: 0-20%; 20-30% and 30-100%).

On the other hands the species of the genus Sphagnum, a taxonomic group that presents
opposite ecological and bioclimatic requirements from that of Riccia Daniels & Eddy
(1985) have considered that the main distribution center of Sphagnum in Europe is repre-
sented by boreal and sub-arctic zones. In Portugal (Fig. 8) the correlation between the dis-
tribution of all Sphagnum species and the predefined Eurosiberian-Mediterranean bound-
ary is clear (Rivas-Martinez & al. 1990). However we propose an increase in the
Eurosiberian area in Portugal (Fig. 7 and 8). This suggestion is supported not only by the
distribution of Sphagnum species but also by the distribution of boreal and alpine
bryophytes, the limits of different values of Emberger’s index (Alcofurado & al. 1982) and
also the dominant of the vegetation type, main tree species, proposed by Moreno & al.
(1990) for North Spain.

Endemic species
Endemic bryophytes in Portugal are few and quite difficult to select because this status
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Fig. 5. Squares with values high than 30% of  Fig. 6. Squares with values high than 60% of
alpine, subarctic-subalpine and boreal bryophy-  sub-mediterranean, mediterranean-oceanic and
tes. mediterranean bryophytes.

is related to the degree of knowledge of other geographical areas, particularly in Europe and
Macaronesian islands. For this reason and having in mind that some examples of endemic
bryophytes restricted to Portugal or Spain have recently been found in other regions, as
Marsupella profunda and Hypnum uncinulatum in Macaronesia and Ireland (Diill 1985),
Acaulon fontiquerianum in France (Sérgio & al. 1993), Bryoerythrophyllum machadoanum
(= B. campylocarpum, Diill 1992) in Africa. It will therefore be preferable to present some
results based on three kinds of endemics: 1 - Iberian endemics (8 taxa); 2 - Iberian
Macaronesian endemics (6 taxa); 3 - Mediterranean endemics (25 taxa).

1. - Only 8 mosses of the Portuguese bryoflora are included as Iberian endemics.
Among them, Triquetrella arapilensis, Schizymenium pontevedrensis, Anomobryum lusi-
tanicum, Racomitrium hespericum, R. lusitanicum and Orthotrichum ibericum are includ-
ed in the recent Iberian Red List (Sérgio & al. 1994). Besides Didymodon bistratosus and
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Fig. 7-8. Distribution map of Riccia and Sphagnum species respectively, in Portugal (range: 0-1; 2-
4 and 5-15 species by square).

Bryum minii, considered an Iberian species, (Sérgio & al. 1997, 1998) have recently been
described and revalidated respectively while, Desmatodon merionalis is a critical taxon.

2. - The Portuguese territory also contains 6 other important taxa with Iberian
Macaronesian disjunctive distribution, which are important in clarifying the origin of the
Macaronesian flora (Sérgio 1984). They are Porella canariensis, Bryum platyloma,
Isothecium algarvicum and Brachythecium dieckii recently referred to Portugal (Sérgio &
al. in press) as well as Frullania azorica (Sim- Sim & al. 1995) and Rhamphidium purpu-
ratum occurring in Macaronesia, Portugal and Corsica.

3. - About 3,5% of Portuguese bryophytes are endemic to the circum-Mediterranean
area including some Macaronesian islands (+ 25 taxa). Among these bryophytes the rich-
est variety are to the Riccia species such as R. atromarginata, R. bicarinata, R. perennis
etc., also many Pottiaceae and Funariaceae such as Funariella curviseta (Sérgio 1988)
and Grimmiaceae such as Grimmia pitardii and G. pilosissima (Sérgio & al. 1997).



96

Sérgio & Draper: Bryophyte survey

Fig. 9. Distribution map of Iberian (dots) and
the Iberian Macaronesian (circles) endemics
bryophytes. A-From a center Occidental
Hercinic. Line corresponds to the principal sec-
tor for vascular plants Sainz-Ollero &
Hernandez-Bermejo  (1985) to  Iberian
Peninsula.
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Fig. 10. Distribution map of Mediterranean
endemic bryophytes (range: 0-1; 2-5 and 6-10
species by square). B- From a distribution cen-
ter related with the connection Ibero-Maroccan
during Mesozoic. Line corresponds to the prin-
cipal sector for vascular plants Sainz-Ollero &
Hernandez-Bermejo  (1985) to  Iberian
Peninsula.

The phytogeographic affinities between the Iberian Peninsula and other regions (Sérgio
1990) have been shown, based on wide disjunctive distribution of some bryophytes.
Several of them are typical of the Mediterranean bioclimatic biome, as Antitrichia califor-
nica, which belongs to the group of “Species disjunctive in Mediterranean Eurasia-Africa
and the Pacific coast of North America” (Schofield 1994) that are well represented in the

Portuguese bryoflora.

In conclusion referring to endemic “hot-spot” areas, we can propose two different situ-
ations in Portugal related with the possible center origin (Fig. 9 and 10).
A - The Iberian and the Iberian Macaronesian endemics (Fig. 9) could have originated
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from an Occidental Hercinic center related to an atlantic climate and acid substrates. The
oceanic influence has an important part to play in the maintenance of restricted areas of
Portugal and Macaronesien Islands, with Tertiary subtropical forests and thermophytic
bryophytes such as: Schizymenium pontevedrensis, Anomobryum lusitanicum, Porella
canariensis, Bryum platyloma, Isothecium algarvicum, Brachythecium dieckii, Frullania
azorica, Rhynchostegiella durieui and Rhamphidium purpuratum. Other endemics are
adapted to more xeric conditions such as Triguetrella arapilencis and Didymodon bis-
tratosus.

B - The circum-Mediterranean endemic bryophytes (Fig. 10) could have originated
from a southern center with a Mediterranean type climate and basic substrates. Later they
could have carried out a step by step migration from Northern Hemisphere to atlantic-
mediterranic regions. This distribution pattern is related to the Ibero-Maroccan connection
during Mesozoic (Late Jurassic) and is similar to some Riccia species (see distribution
maps in Jovet-Ast & al. 1976) and Pteridophytes (see distribution maps in Pichi Sermolli
1979, 1991). This species group includes, among so many Marchantiales such as Oxymitra
incrassata, some mosses such as Acaulon fontiquerianum, Funariella curviseta, Grimmia
pitardii and Scorpiurium sendtneri.

These interpretations of the distribution of endemic Portuguese bryophytes could be com-
pared with the ideas given by Sainz-Ollero & Hernandez-Bermejo (1985) for Iberian vascu-
lar plants (Figs. 9 and 10). The principal sectors proposed for Portugal by these authors cor-
respond, or are similar, to the above distribution of the endemic bryophyte “hot-spots”.

Acknowledgements

The authors thank Iracema Lucas for his help with informatic work and Maurice Jones for the
revision of the manuscript. This study was partially supported by Centro de Biologia
Ambiental/JNICT.

References

Alcoforado, M. J., Alegria, M. F., Pereira, A. R. & Sirgado, C. 1982: Dominios bioclimaticos em
Portugal definidos por comparagdo dos indices de Gaussen e de Emberger. Relatorio 14: 1-32.

Allorge, P. 1931: Sur quelques types de disjonction dans la flore muscinale ibérique. Travaux cryp-
togamiques ded a Louis Mangin.— Paris.

—  1947: Essai de Bryogéographie dela Péninsule Ibérique. Encyclop. Biogéogr. Ecol. 1.— Paris.

Araujo, M. B. 199?: Distribution patterns of biodiversity and the design of a representative reserve

. network in Portugal. (in press).

Bisby, F. A. 1995: Characterization of biodiversity. In Heywood, W. H. & Watson, R. T. Global
Assessment.— Cambridge. -

Casas, C., Brugués, M., Cros, R. M. & Sérgio, C. 1985: Cartografia de Briofits. Peninsula Ibérica i
les Illes Balears, Canarias, Agores i Madeira. Institut d’Estudis Catalans 1: 1-50.— Barcelona.

—  1989: Cartografia de Briofits. Peninsula Ibérica i les Illes Balears, Canarias, Agores i Madeira.
Institut d’Estudis Catalans 2: 51-100.— Barcelona.

—  1992: Cartografia de Briofits. Peninsula Ibérica i les Illes Balears, Canarias, Agores i Madeira.
Institut d’Estudis Catalans 3: 101-150.— Barcelona.

—  1996: Cartografia de Briofits. Peninsula Ibérica i les Illes Balears, Canarias, Agores i Madeira.
Institut d’Estudis Catalans 4: 151-200. — Barcelona.



98 Sérgio & Draper: Bryophyte survey

Corley, M. F. & Crundwell, A. C. 1991: Additions and amendments to the mosses of Europe and the
Azores.— J. Bryol. 16: 337-356.

Corley, M. F., Crundwell, A. C., Diill, R., Hill, M. O. & Smith, A. J. E.1981: Mosses of Europe and
the Azores: an annotated list of species,with synonyms from recent literature.— J. Bryol. 11:
609-689.

Daniels, R. E. & Eddy, A. 1985: Handbook of European Sphagna. Huntingdon, Institute of Terrestrial
Ecology: 247.

Diill, R. 1983: Distribution of European and Macaronesian liverworts (Hepaticophytina).— Bryol.
Beitr. 2: 1-115.

—  1984: Distribution of European and Macaronesian mosses (Bryophytina).— Bryol. Beitr. 4: 1-

113.

—  1985: Distribution of European and Macaronesian mosses (Bryophytina).— Bryol. Beitr. §:
110-232.

— 1992: Distribution of the European and Macaronesian mosses (Bryophytina).— Bryol. Beitr.
8/9: 1-223.

Grolle, R. 1983: Hepatics of Europe including the Azores: an annotated list of species, with syn-
onyms from recent literature. — J. Bryol. 12: 403-459.

Jovet-Ast, S., Bischler, H & Baudoin, R. 1976: Essai sur le peuplement hepaticologique de la région
mediterranéenne.— J. Hattori Bot. Lab. 41: 87-94.

Médail, F. & Quézel, P. 1997: Hot-spots analysis for conservation of plant biodiversity in the
Mediterranean basin. — Ann. Missouri Bot. Gard. 84: 112-127.

Moreno J. M., Pineda, F. D. & Rivas-Martinez, S. 1990: Climate and vegetation at the Eurosiberian-
Mediterranean boundary in the Iberian Peninsula.— J. Veg. Sci. 1: 233-244.

Morla, C. & Pineda, F. D. 1985: The woody vegetation in the Mediterranean-atlantic boundary in the
north-west of the Iberian Peninsula.— Candollea 40: 435-446.

Pichi Sermolli, R. E. G. 1979: A survey of the pteridological flora of the Mediterranean Region.—
Webbia 34: 175-242.

Pichi Sermolli, R. E. G. 1991: Considerazioni sull’affinita ed origine della flora pteridologica della
Regione Mediterranea. — Acta Bot. Malacitana 16(1): 235-280.

Quézel, P. 1985: Definition of Mediteranean region and the origin of its flora. in Gémez-Campo, C.
(ed.). Plant conservation in the mediterranean area. — Dordrecht.

Rivas-Martinez, S., Cantd, P., Fernandez-Gonzalez, F., Navarro, C., Pizarro, J. M. & Sanchez-Mata,
D. 1990: Biogeografia de la Peninsula Ibérica, Islas Baleares y Canarias.— Folia Bot. Matrit.
8: 1-5.

Sainz-Ollero, H. & Hernandez-Bermejo, J. E. 1985: Sectorizacion fitogeografica de la Peninsula
Ibérica e islas Baleares: la contribucion de su endemoflora como criterio de semejanza.—
Candollea 40: 485-508.

Schofield, W. B. 1994: Bryophytes of Mediterranean climates, in British Columbia.— Hikobia. 11:
407-414.

Sérgio, C., Cros, R., Brugués, M. & Casas, C. 1997: Flora e vegetagdo briologica do Parque Natural
da Serra de Sdo Mamede.— Portug. Acta Biol. Sér. B 17: 5-46.

Sérgio, C. 1984: The distribution and origin of Macaronesian bryophyte flora. — J. Hattori Bot. Lab.
56: 7-13.

—  1990: Perspectiva biogeografica da Flora Briologica Ibérica.— Anales Jard. Bot. Madrid
46(2): 371-392.

—  1988: Morphological, karyological and phytogeographic observations on Entosthodon
curvisetus (Schwaegr.) C. Muell. as a basis for a new genus, Funariella Sérgio (Funariaceae:
Musci) — Orsis 3: 5-13. :



Bocconea 13 — 2001 99

Sérgio, C., Casas, C., Brugués, M. & Cros, R. M. 1994- Lista Vermelha dos Bri6fitos da Peninsula
Ibérica / Red List of Bryophytes of the Iberian Peninsula :1-50.— Lisboa.

Sérgio, C., Hébrard, J. P. & Casas, C. 1993: Acaulon fontiquerianum Casas et Sérgio (Musci,
Pottiaceae) nouveau pour la bryoflore du Portugal, de France et de Corse.— Orsis 8: 11-19.

Sérgio, C., Jansen, J. 199?: Brachythecium dieckii Roell (Brachytheciaceae, Musci) new to Portugal.
— J. Bryol. (in press). )

Sérgio, C., Pierrot, R. B., Hébrard, J. P., Cros, R. M. & Brugués, M. 1998: Didymodon bistratosus
Hébrard & Pierrot (Pottiaceae, Musci), fertile in Portugal.— Nova Hedwigia 67(1-2): 115-118.

Sim-Sim M. & Sérgio C. 1998: Distribution of some epiphytic bryophytes in Portugal. Evaluation
and present status. — Lindbergia 21: 50-54.

Sim-Sim, M., Rego, F. & Sousa, A. 1995: Epiphytic bryophyte communities of Olea europaea in
Portugal. A background survey for future evaluation of environmental quality. — Cryptog.
Helv. 18: 25-33.

Tormo Molina, R., Ruiz T¢éllez, T. & Devesa Alcaraz, J. A. 1992: Aportacién a la bioclimatologia de
Portugal. — Anales Jard. Bot. Madrid 49(2): 245-264.

Welwitsch, F. 1872: On the bryology of Portugal. — J. Bot. 1(114): 184-187.

Adress of the authors:

Cecilia Sérgio & David Draper: Centro de Biologia Ambiental. Lisboa/ Museu,
Laboratorio e Jardim Botanico, Rua da Escola Politécnica, 58, 1294 Lisboa Codex,
Portugal.



