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The bryotlora of Graciosa was carlier documenied to be 17 spp. This figure has
now been changed to 107 spp. The documentation of the bryoflora et Graciosa
has provided new knowiedge on the autoecology of several bryphytcs; several
have gat wider altitude ranges; substratum preferences are more pronounced at
low altitude levels than in [Ec cloud-zone forest; bigh altitude species have more
pronounced demands for shelter and substratum moisture oo Graciosa than at
nigh altitudes on other islands in thc archipelago. Bryophyte communities, dis-
tinguished: The epiphytic Prullamictum microphyllae; the epilithic-epigeic
Tefrastichium-Dumortiera - association; the epilithic Grimmia azorica-Pty-
chomitrium - alliance (including (he¢ G immietum azosicae and Ptychomitrie-
tum polyphyllae by v. HUBSCHMANN 1974); the epigeic Myurium-Allorgea-
Fissidens pallidicaulis - all. (comprising the mini-associations Fissidenictum
se ulati PE;ssigle.nwtum pallidicaubs, D1?hyscmtum foliosi by v. HUBSCHMANN
1974). Plant diversity on the Azorean islands 1s not positively correlated to is-
land sizc or to]ilographical features. Bur high altitude provides bigh nd equally
high diversity figures on istands of widely different size. Richly varied habitat
conditions within the coastal zone on Graciosa helps to explaia the high vascu-
lar plant diversity of thce island, widely differing from that of other Azorgan is-
lands, If their size and altitude are cossidered. The bryophyte diversity ¢n
Graciosa is unexpectedly high, as most parts of theisiand are spe 1es-poor.

SJOGREN. ERIK 1990. Flora e vegetagdo de Bridfites na ilha da Graciosa
(Agores), com anotagoes sobre a diversidade [loristica das ilhas dos Agores.

Ar mpé-aig'o. Ciéncias da Natureza 8:63-96. Angra do Heroismo. [SSN
0870-6581.

Para a briéflora da Gractosa estavam referidas 17 espécies. Este valor ¢ agora
alargado para 107 spp. Os dados recolhidos fornecem novos corhecimentos seo-
bre a autoecologia de alguns bricfitos: novos lim tes de altitude para algomas
espécies; as pre‘feréncias de substrato mostraram ser mais acentadas a baixas
altitudes do que na zona da "floresta hiunida"; as espécies de altitude mostran,
nesta ilha, maiores exigéncias de ensombramento e de substrato himide do sue
as suas populagdes, ¢m maiores altitudes, noutras tlhas do arquipélago. Bistm-
guem-se as briocomunidades como epifita, Frullanictum microphyllae; associa-
gao Tetrastichium - Bumortiera como epilitica - epigeica, a alianga Grimmia
azorica - Ptychomitrium como epilitica (incluindo o &ﬁmnuet.um azoricae € 0
Ptychomitrietum polyphyllae de v. HUBSCHMANN 1974); € a alianga Myurium -

orgea - Fissidens pallidicaulis como epigeica (compreendendo as mini-asso-
ciagoes Fissidentelum serrulati, Fissidentetum palhdicaulis e Diphyscictum
foliosi de v. Hi:BSCHMANN 1974). A analise de diversidade tloristica das ilhas
dos Agores mostra ado haver uma correlacdo positiva desia com o tamanho da
ilha ou com os factores topograficos. Por outro lado as ilhas com altitude mais
elevada mostram possuir valores dc diversidades altos e semelhantes entre si,
indcpendentemente da érea. Para a ilha da Graciosa, a zrande variedadc de ha-
bitats costeiros ajuda a explicar a alta diversidade relativa da sua llora vascular
acima dos valores esperados, se considerarmos u sua drea e altitude. Igualmen-
te, a diversidade da sua bridflora ¢, mesperavelmente., elevada, jd que grandes
extensoes da itha sao pobres em espécies.

Erilc Sjogren, Institute of Ecological Botany, Uppsala Untversily, Bax 539,
Villavagen 14, S-751 22 Uppsalu, Sweden.
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INTRODUCTION

From the very beginning botanical investigations
in the Azerean archipeiago have becn centred
on the largest, most densely populated and
economt:cally developed islands. The vascular
flora and vegetation of the small islands of
Corvo, Sania Maria and Graciosa did not
become thoroughly documented until after the
1930s.

The bryological ficld work on Corvo 4nd Gra-
ciosa, carried out 1w 1978 by E. and J. Sjogren,
was inspired by the fact that Lhese two islunds
were at that time almost unknown as (0 their
bryophyte flora and vegetation. The aims were
to collect autecological, synecological and socio-
logical data, which could be compared with re-
sults obtained earlier from the islands of S.
Miguel, Terccira, Faial, Pico and S. Jorge
(SIOGREN 1978).

The island of Graciosa is situated in the cen-
tral group of Azorcan islands. lis size is 61 km*
and the highest point of the rim of the caldeira
is at 4)2 m a.s.l. (Fig. 1). Today most of the is-
land area is cultivated land and grazing land. A
small part of about 4 km® is covered by a semi-
natural forest of Persea. Pittosporum and Acacia
in an areca of abandoned ficlds on the lava
strecam between Pedras Brancas and Praia. A
small area 1o the SW of Serra Branca s covered
by a low scrub of £rica and Myrsine.

At the time of discevery. Graciosa was
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covered by indigenous forest composed by
“cedro”, "sanguirho" and "louro" (Juniperus bre-
vifolia, Frangula azorica, Laurus azorica) ac-
cording to CoSIA (1845). This forest was
progressively felled and nothing was left by the
middle of the 19th century. At that time, planta-
tion of "faias’, "alamos” and "pinhe’wos" (Myrica
faya, Popudus, Pinus pinaster) had already been
in progress tor 30 years.

This valuable information may suggest that
the tlora of Graciosa was richer in Azorean
¢loud-zone plants about 200 years ago, whereas
the coastal zone flora may havc been much
more spccics-poor than nowadays. The conse-
quence of these far-reaching changes of the
landscape ol Graciosa has been a progressive
reduction in the number of localilics with suit-
able habitat conditions for colonization and sur-
vival of shclter-demanding bryophytes. They
now have to be looked for in deep ravines, in the
Furna of the Caldeira and in the shelter pro-
vided by forest plantations. Consequently, such
localities had 10 bc tniensively investigated and
they were also found Lo be very rich in species
that had not fermerly been documented on the
island.

A few climatological data ought to be given.
Mean precipitation for the pcriod 1971-1977
was 820 mm/yr (Sta. Cruz) and mcan relative
humidity for the same period was 77%. Coastal
rainfalf is thus only about 100 mm higher than
on S. Miguel and about 200 mm lower than at
sed level on Faial and S. Jorge. An increase of
rainfall/100 m by 20% would mean that the hig-
hest altitudes on Graciosa would al least get
1450 mm/yr. The base level of completely de-
veloped Juniperion brevitoliae (on other Azore-
an islands al altitudes with u rainiull ot 2200 -
2400 rmmy/vr) 1s consequently not reached on
Graciosa. The presenec of ¢loud-zone bryo-
phytes on thc island is thus possible only in
places where elficiently compcensating habitat
conditions ar¢ available (shelter from desiceat-
ing insolation and wind, permanently moistured
stbstrates, permancntly high air humidity).



BRYOPHYTE FLORA

The bryophyte flora of Graciosa is, as do-
cumented in this paper (sampling areas in Fig,
1), made up of 40 hepatics and 67 mosses (17
spp. listed by EGGERS 1982). A lower perczat-
age of hepatics (28%) 1s omnly available on the
comparatively dry island of Santa Maria. On the
other high-altitude islands of the central Azore-
an group, the proportion of hepatics is 26 - 51%
of the total number of bryophytes. On the higlly
exploited islands of Flores and S. Miguel there
is a pcrcentage of 40% of hepatics. Among he-
patics, there is a much higher proportion of
shelter-and moisture-demanding specics than
among mosses. Conseguently, the proportion of
hepatics is lower on the dry low allitude islands
and on the islands with small rempants of shel-
tering cloud-zone forest. Oaly Pico, with large
reforested arcas and the largest rcmaining areas
of Juniperion brevifoliae, has a higher number
of hepatics than mosses (99 and 96 spp.).

The proportion of bryophytes on Graciosa,
which in other parts of the archipelago pref-
ercntially grow in the cloud-zone, 1s low (19%).
Only 10 hepatics and 11 mosses belong to that
group. The localities of those species are few
and concentrcd to the Pedras Brancas forest, to
the Furna of the Caldeira and to some decp
ravines in the SW part of the island. Most of the
cloud-zonoe species on Graciosa have been do-
cumented in the epiphytic moss cover (Frulls-
nietum microphyliae) on Persea, Acacia and
Pittosporum and in associations on moist, shel-
lcred soil escarpments (which bclong to the
Myuriurn-Allorgea-Fissidens pallidicaulis - all.).
The proportion of hepatics i these associations
is much higher than in other hryo-communities
on the island.

Only a few of the bryophytc species on Gra-
ciosa reach high cover percentages, such as: (1)
Frullania microphylla and Lejeunca lamacerina
on sheltered rock surfaces and stcm bases in
forests, indicating favourable habitat conditions
{or sevcral of the shelier-demunding hepatics

documented on the islands; (2) Thuidium tama-
riscinum, Scleropodiurn spp. in open grasslands
at all altitude levels, with few associated species;
(3) Nardia scalaris, Philonofis rigida, on moist
sheltered soil escarpments with a wide range of
accompanying hepatics; {4) Prychomitrium nign-
cans 2nd Grimmia trichophylla spp. azorica on
fully exposed surfaces, indicating presence of
several drought-tolerant coastal-zone mossts
(few hepatics); (S) Myurium hochstetten, Allor-
gea berthelotiana and Fisidens taxifolius spp. pal-
lidicaulis on permanently moist and shcltered
soil escarpments, where bighly moisture de-
mand:ng hepatics occur frequently.

BRYOPHYTE VEGETATICN

Bryophytc communities on Graciosa were stu-
died using altogether 82 sample plots (size 4
dm?). The sampling areas are shown in Fig. 1.
A selection of the investigated plots bas been
presented in Tables 1-4. Only presence of the
documented species has been given, as cover
degrees in Azorean bryophyte cormmunities are
most variable and mainly accidental (cf.
SIOGREN 1978). The communities have beco
compared with those distinguished earlier {rom
other parts of the archipelago.

Eptphytic

The Frullanietum microphyilae Sin. 90 nov. ass.
(Table 1; F =epiphytic) grows on Graciosa on
stems of Pittosporun: undulatum, Acacia mela-
noxylon and Perseu indica at altitudes bectween
100 - 200 m. (requently fragmentarily developed
such as in plot 9. Species with fairly strong dif-
terential valuc (a) and also high frequency arc
only Frullunia microphylia and Cololejeuriea
minutissima. Both species occur, although not
frequently, in the Azorean epiphytic and epi-
xvlic bryo-communtties of the cloud-zone forest.
They arc frequent only in the epiphyllous Co-
lolejcuneetum azoricac. Group (b) includes
species with low diflerential value, namcly Co-
lolejennea azorica (diff. sp. ol the epiphyllous
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Fig. 1- Black dots: sampling areas. The lines of shert dashes: occasionally water-bearing ravines.

Thick lines of long dashes: roads.

ass.) and Harpalejeunea ovata, which has only
got a diff. val. towards epigeic and epilithic com-
munities. The number of accompanying species
(c), most of them hepatics, is fairly low and the
association has a low mean numbcr of species. 1t
1s restricted to tree species with smooth bark
surfaces, where it forns the primary stage of
moss cologization. It becomes fairly rapidly suc-
ceeded by a dense carpel of bighly competitive
species such as Frullania tamarisci, Perello cana-
riensis and Hypnum uncinulaaim.

A similar Frullania micrephylia-community
from S. Miguel has been shortly commented (v.
HCUBSCHMANN 1974), with suggestions Lhat it
should be made up of scveral associations. Such
associations would, bowever, exist only an the
level of mini-associations, mainly distinguished

66

by some species which may aceidentally reach
bigh cover degrees.

The Frullanetum microphyllae, typical of
dense forests of mamly introduced species,
below the cloud-zone forests, wus recorded by
the author in 1965-1978 (not publishcd) on Ter-
ceira, Fatal and Pico. As comparcd with the
Lololemuncclum azoricac and the epiphytic
Echinodie-Lepidozictum  cupressinae it is
possible o regard the Frullanietum micro-
phyliae as a less distinctly distinguished associ-
ation. lo some extent formed by a stable but
impoverished group of species, which is also
presenl in those two endemic cloud-zone associ-
ations of the Junipenon brevifoliae. Some of the
accompanying species, hewever, preferentially
eccur below the cloud-zonc forest, namcly



Table 1. Epiphytic moss-vegetation on the island of Graciosa {Azores).

Frullania microphylla -ass_

Radyla wichurae

signum 2: 3 % 4: & §9: By 8 2: S
35 3¢ 1 e 39 22 4 28 23 8
date {3978} 8/ 3/ 8/ 84 8¢ 8/ 12/ 12/ &f 8/
§ & & 6 6 6 6 6 6 6
substrate F F F ¢ F F ¢ F 7 ¢
altitude 200 100 200 200 240 200 200 200 140 150
number of specles 5 6 § 5 7 5 & 7 4 4
No. in tabie 1 3 3 & 5 & 7 8 9 10
a.
Frullania microphylla x x X x x X x
Cololejeunea minutissima LI T S S X x x
o.
Cololejeunea ezorica . - = = x X
Harpalejeunea ovata # x x x - x -
Cc.
Frullania temarisci x e x x -
Lejeunea ulleina X - LB T S T ST SR
L ophocelea fragrans x . w8 LA
Ragula carringtonii “ % x4 X e %X x -
Lejeunea lamacerina = X X x x x X ®X x
Zygodon viridlssimus - X s s = o
Semataphylium substrumulosum« X e . " " " -
Radula lindenbergiana I - S R T .
Porella canarlensls ~ - X v N -
Rypnum uncinulatum s x =+ x .

Frullama difatata =

Raduia wichurae, Frullania dilatata. Radula lind-
enbergiana.

Their frequency is low 1n the sample plots
rom Graciosa but further investigations on
other Azorean islands may eventually rank them
as additional differeatial species of the Frulla-
nietum microphyllae, which would considerably
strengthen the value of this association, new to
the Azores.

Epilithic

The cpilithic moss vegetation in the Azores is
richly varied. There art several associations
from the coast to the highest altitudes. Most as-
soctations are not strictly epilithic as they gzner-
ally grow on stones or rock surfaces covered by
a more or less thick laver of soil and litter. They
may be regarded as epilithic-epigeic. Strictly
epilithic ecommunities are largely found ia the
coastal zone of the islands. In the cloud-zonc
they occur principally on fully exposed lava field

surfaces.
In general, the epiphytic, epixylic and epi-

phyllous communtties are fairly easily separated
from the epilithic and epigeic ones. Withia these
two commulnity groups, transitions become pro-
gressively more [requent towards altitudes of
potential growth of the cloud-zone ({orest
(Juniperion brevifoliae). Even below the cloud-
zone, such transitions may be freguent in very
sheltered habitats, providing places with cloud-
zone conditions, such as in ravines, in deep cre-
vices and explosion holes in lava streams, etc.

The epilithic bryo-communities on Graciosa
are few and easily separated from others, mainly
due to the scarce presencc of cloud-zone
species on the island. Only two cermmunities will
be treated below.

The Tetrastichivm-Dumortiera - ass. Sjn. 90
nov. ass. (Table 2) has been documented in scv-
eral localities between 140 - 300 m, on moist
sheltered rocksurfaces. The four differential
species, (a) Tetrastichium fontanum, Riccardia
latifrons, Dumortiera hirsuta and Lepidopilum
virens may all oecur as dominants as well as
some of the accompanying species listed in thc
table, such as Thamnobryum alopecunun, Fis-
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Table 2. Epilithic-epigeic moss-vegetation on the island of Graciosa
{Azores). Tetrastichium-Dumortiera - ass.

signum
date {1978}

aititude m a.s.l.
number of species

No. in table

3;: 3: 3: 9 2: 9 9:10: 10:
g 10 20 17 31 13 17 % 18
7/ 7/ 7/ 137 6/ 3/ 13/ 1%/ 14/

6 6 6 6 6 6 6 6 6

40 T&0 140 300 140 300 300 275 275

4 8 10 4 3 3 4 6 &
1 zZ 3 & 5 & 7 B %

a.
Tetrastichium fontanum
Riccardia latifrons
Dumortiera hirsuta
Lepidopilum virens

c.

Lejeunea Jamacerina
Thamnobryum alopecurum
Fissidens tax.v. pallidicaulis
Eurhynchium praelongum
Marchantia paleacea

Hypnum uncinufatum
Heterocladium heteropterum sim.
Brachythecit:m populeum
Lophocolea firagrans
Rhynchostegiella teneila
Marchesinia mackayii
Fissidens crassipes
Epipterygium tozeri

X X X = X * . = .
x x >4 X b - x - .
1 x X = X X ! = -
= X X X ™ L X X x
xX L] x - L] L] - X -
x x X - . - - - -
L] X X - - xX tl = -
- x x - s x w - Ll
- x - . " X - = -
" L 2 - - = - - -
- [ X - [ - " L -
= - - xX - - xX L] L]
- - - xX L] - xX - Ll
LI s+ X X = X x
Ll - - ] - - - X -
- = - = - = = x X
L - - ® - Ll - - x

sidens taxifolius vas. pallidicaulis and Eurhyn-
chium praelongum. The association ts probably
endemic te the Azores.

The Dumortiera hirsuta - Jubula hutchinsiae -
ess. Allorge 1947 was recorded by v. Hus.
SCHMANN (1974) on 8. Miguel, with the
Tetrastichium fontanum community as a facies
constituent without Jubula hutchinsiae. In my
opinien, there is geod justification to treat this
so-called facies as an association being supplied
with two additional different:al species. The Te-
trastichtum-Dumortiera - ass. exist on all the
Azorean islands, except Corvo and Santa Maria
(cf. SI@GREN 1978, p. 124). In several localities
the association has no strict limits towards the
fragmentarily documented and most - probably
in the Azores - weakly differentiated associ-
ations Fegateileturn conicee and Thamnieturn
alopecurt (v. HUBSCHMANN 1974).

The Grimmia azorica-Ptychomitrium - all
(Table 3) mcludes the Grimmietum azoricae
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and the Ptychomitrietum polyphyltae by v.
HUBSCHMANN 1974. These two associations are
frequently present on Graciosa, from the coast
up to 200 m a.sJ. They occur in fully exposed lo-
calities, providing the first colonization of a
mosscarpct on slightly, or not at all, soil covered
stone surtaces.

Character species of the alliance are (a) Pey-
chomitrium nigrescens and Torzelle nitida. Five
species of lower differential value have been
referred to group (b). The number of accompa-
nying species (¢) is very large. Several species
occur accidentally and microhabitats supporting
their presence are frequently present, even with-
in the small sample plot size of 4 dm?.

In the Grimmia azorica-Ptychomttrium - all.
on Graciosa some difterential species of its (wo
associations have not been documented, namely
Grnimmia (richophyila, Ptychomitrium  poly-
phyilum and its local var. azoricum. The Grim-
mietum azoricae i$ most probably a coastal-zone
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Table 3. Epilithic moss-vegetation on the island of Graciosa (Azores). Grimmia azorica - Ptychomitrium - ali.

2. 2 2. 2 02 2: 2: 2: 3: 3: 3: 4 w4 oy 5: 7:10: 10: 13:

. 1 : 1 .
Tgnam 8 2 13 16 21 23 27 46 47 23 24 25 23 24 27 28 2 1 1 15 3 20
5/ 6/ 6/ 6/ 6/ 6 6 6 6 7/ 7/ 7/ 8 8/ 8 8/ 9/ 11/ 4/ 14/ 17/ 8/
date (1978) 6§ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
altitude m a.s.!. 20 140 140 140 140 140 140 200 200 t0 100 100 200 200 200 200 150 130 275 275 200 200
number of species 5 6 7 6 4 10 5 8 5 4 5 9 6 8 6 4 5 4 10 9 6 5
No. in table 1 2 3 ) 5 6 7 8 $ 10 31 12 13 14 15 16 17 18 19 20 21 22
a.
Grimmia azorica X X XX X X X X X X X x X X X X X X X X
Ptychomitrium nigricans X x o+ x S S coX e X e X s X X e .« X
Tortella nitida . <X L 'S . . X X X X v X+ X e . . X
b.
Frutlania dilatata X X . XX X X X e X e - . « X X X v .
Leucodon canariensis X X . . s X . . . . . . . . . . . . <« X e .
Brachythecium populeum . . . . . . . X . ¢ X X . . . , - X X . . .
Scorpiurium circinatum X X X+ S T S ST B SRR T S S
Campylopus pilifer . - X X X . . . . . . <X X . . . o x x X
c.
Hypnum jutlandicum X e X e 4 s s e s s P T
Allorgea berthelotiana e X e e L T T
Frullania tamarisci e X e e X e XX e e e X e e e e X e
Radula carringtonii s X e e X e e e e X s X e X r e X X x s
Radula wichurae . X e . ¢X X . - X s X e X e . . . . .
Hypnum resupinatum - . « X e X e s . . .. .. . . N
Porella canariensis . . . <X s s . . X e X e . . v x . B
Eurhynchiium praelongum . . . « X e X e e . .. .. i - . x s ¥ i
Lejeunea lamacerina . . . ' B ' X ’ ' . X X . . . W W " x i " "
Pterogonium gracile . . . . . =X X e . s . . . . . . . e ..
Harpalejeunea ovata . . . . . . X X . . . - X e . . X x . .
Radula lindenbergiana . . . . . . . . " . " X . . X X . . . . . .
Hypnum uncinulatum . . . . . . . . . . T O . . . . . .
Bryum sp. B . . . . . o . . . . . X . . - X ° . X . X

Other accompanying species: Fissidens bryoides {1), Homomsllium incurvatum sim. (4), Saccogyna viticulosa (6),
Herzogiella striatella (13), 8ryum donianum {15), Philonotis rigida (15), Brachythecittm plutnosum (17}, Zygodon
viridissimus {19), Plagiochila spinulosa (20), Campylopus fragilis (20).



Table 4. Epigeic moss-vegetation on the island of Graciosa (Azores). Myurium-Aliorgea-Fissidens

pallidicaulis - all.

signum 1M 15 9% 11 13 1%

date {1978) §/
6 6 6 6 & 6

substrate ¢ ¢t G ¢ L G
altitude m a.s.l.
number of species 5 6 9 9 i0 8
No. in table 1 2 3 % 5 6

2: 2: 8: 8: 8: 8:
15 16 19 10 12 15 9 10

6/ 12/ 12/ 12/ v2/ 12/ 12/ 12/ 13/ 13/ 13/ 6/ 6/ 6/ 6/

140 140 220 220 220 220 220 220 220 300 300 300 140

8: 8: 8 9: 9: 9: 2: 2: 2: 2: & 8 8:
i 39 N 21 22

8/ 12/ 12/
6 6 6 6 6 6 6 6 6 6 6 6 6

¢ ¢6 66 6 6 6 666G 6 L L G ¢
150 140 200 200 220 220
6 8 5 8 8 8 8 7 6 8 6 7 8
7 8 9 10 1 12 13 14 15 16 1?7 18 19

a.

Myurium hochstetteri + x x x x =
Allorgea bertheiotiana x x x
Fissidens tax.v. pallidicaulis + - = X = =

®
.
L]

b.

Saccogyna viticulosa x x + x X
Calypogeia fissa . - X x -
Scleropodium touretii = .
Epipterygium tozeri . . . :

.
X
+

X X X X

c.

Fruliania tamarisci
Hypnum uncinulatum
Radula carringtonii
Hypnum resupinatum
Porella canariensis
Plagiochila spinulosa
Lejeunea lamacerina
Harpalejeunea ovata
Campylopus pilifer
Campylopus fragilis
Porella obtusata
Eurhynchium praelongum
Tortella nitida
Fossombronia sp.
Fissidens bryoides
Reboulia hemisphaerica
Weissia sp.

Anthoceros punctatus
Ptychomitrum nigricans
Radula wichurae

X o0 X

s o= o8 o8 X X X
® & & = # = = s # & ® @ © ® # # X ¥ &« X

s @ o8 o5 o8 X XX sX = X

= & & 5 8 X X X

e X X X X XX v X s X

L L

& @ = B = = = = = =
# & & & & @ & =
@ 8 8 s 4 & & =
@ & & § & ® ¥ ®

T I

.

.

-
x
x
x
X
x
x
x
x

s X X X
- X
= X X
X « X X
. 8 X »
.
.

a8 & & & = w® = X

= X

.

T I R T T

s s o0 o8 o X s X
* X & ¥ = & =

- X
.
s X s v 4 = X 2 = = s 2 =
« = & & @
@ X & & & & 8 = X & =8 0 X X
IV ¢
= o X X X} v o X o8 X

P B VR

e @ & b s s s m aX @ aX 8 X s oeX
R
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Other accompanying species: Plagiochila cornicutata (3), Nardia scalaris (10), Marchantia pateacea (11),
Fissidens asplenioides (13), Radula lindenbergiana (13). Riccardia latifrons (15), Drepanolejeunea hamati-

folia (20), Cephaioziella divaricata (20).

association whereas the Ptychomitrietum poly-
phyllae occurs from the coast up to the cloud
zone. Further investigations may accentuate the
difficulties in maintaining these two associations
as separate units mn the Azores, already do-
cumented by the author. Their spectra of ac-
companying species are locally very similar,
frequently with Campylopus pilifer reaching high
cover percentages.

Epigeic

The epigeic moss vegetation of sheltered moist
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soil escarpinents has been described in Table 4
(substrate: G =epigeic, L =epilithic). The sam-
ple plots have been analysed in localities be-
tween 140-300 m. The suggested Myurium-
Allorgea-Fissidens pallidicaulis - all. has three
characterizing species, {(a) Myurium hochsterters,
Allorgea berthelotiana and Fissidens taxifolius
var. pallidicaulis. These species are preferen-
tially epigeic and epilithic. The substratum pre-
ference 1s weaker at cloud-zone altitudes, where
at least Myurium and Allorgea may also occur
epiphytically on Enica and Junipens.



Frequently associated species with weaker
differential value are, (b) Saccogvna viticulosa,
Calvpogeia fissa, Scleropodium touretii and Epip-
terysium tozeri. Also these four species are pref-
erentially epigeic (epilithic) but tend to become
progressively more frequent also on other sub-
strates towards altitudes of potential cloud-zone
forest. The number of accompanying species (c)
is very high within the alliance. Some of these
spectes also occur within the earlier - described
epilithic communities.

Several asseciations of the Myurium - Allor-
gea - Fissidens pallidicaulis - all. may be distin-
guished if maintained at a level of mini
associations such as the Fissidentetum serrulati,
Fissidentetum pallidicaulis, Diphyscietum folio-
si (cf v. HUBSCHMANN 1974). These associ-
ations are extremely difficult to maintain as they
occur frequently in all the Azorean islands in a
dense mixture, with the species spectrum and
the cover of the species correlated to altitude
(rainfall), shelter, coarseness of substrate, incli-
nation and aspect.

A wcll-documented investigation of the asso-
ciations of the alliance, avoiding mini-associ-
ations distinguished by enly ome or two
frequently domunating species, will probably
lead to the differentiation of just a few large-
scale associations. They may be endemic to the
Azores 1slands and characterized by quite a few
bryophytes endemic to the Azores or 10
Macaronesia as a whole, such as (he hepatics
Calypogeia azorica, Chiloscyphus denticulatus,
Plagiochila atlorgel, Tylimanthus azoricus, and
the mosses Alophozia azorica, Allorgea berhelo-
ttana and Breuteltu azorica.

REFLECTIONS ON PLANT DIVERSITY

This chapter was inspired by the recently greatly
improved knowledge of the vascular und
bryophyte flora of the small islands in the
Azores, earlier forgotten by botanists. Unul the
investigations by Pathinha. Gractosa was only
extensively know as to its vascular flora, and the

bryoflora has remained almost unknown before
the publication of this paper. Also, the vascular
and bryophyte flora of Graciosa were found to
be amazingly large, considering the smail size of
the island.

The floristic composttion of ihe Azorean
vegetation has been intensively studied for al-
most 150 years. The main interest among botan-
ists has been attributed to vascular plants and
bryophytes. Some of the islands, however,
namely Graciesa, S. Jorge and Corvo, remained
only superficially known as to their vascular
plants unul the beginning of this century. The
more  comprehensive  knowledge  about
bryophytes of the islands is of much later date,
starting in the 1930s (Allorge, Persson, Sjogren,
v. Hibschmann). At an early stage bryophytes
were studied mainly on S. Miguel, Terceira,
Faial and Flores. The bryophyte flora of S.
Jorge, Santa Maria and Pico has become better
known only after the 1950s. This paper was
aimed to provide better kmowledge of the
bryophyte vegetation and flora of Graciosa and
will be followed shortly by a similar one dealing
with Corvo, both being reporis of the author’s
investigations in 1978. Whereas the vascular
flora of the nine islands may now be considered
as being fairly well known therc are certainly
numerous bryophytes to be discovered, even en
the islands that were earlier the most intensively
mvestigated.

The vaseular plants in the Azeres mumber
about 960 spp. (cf. HANSEN & SUNDING 1985)
and there are about 450 bryophvics, of which
175 are hepatics (cf. EGGERS 1982). The num-
ber of vascular plants has recently been esti-
matied to 1011 spp. (HANSEN 1988). The largest
numbers of vascular plants and bryophytes lave
been recorded on the largest istand of S. Mi-
quel, thc fewest on the very small island of
Corvo. The known plant diversity on the Azore-
an islands is somewhat confusing if only the size
of the islands is considered. The diversity will
therefore be treated below, taking into consider-
ation some aspects such as: (1) size of the is-
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land, (2) altitude, (3) topographic features, (4)
cultural influences and remains of cloud-zone
forests, (5) communications between the islands
and with the continents, (6) earlier investiga-
tions.

The numbers of endemic plants will also
become commented. There are 53 vascular
plant taxa (incl. 7 subspecies) endemic to the
Azores and 14 taxa endemic to the Azores in-
cluding at least one other Macaronesian island
group. The respective numbers {or bryophytes
are 15 and 32 taxa (11 taxa at the leve! of subsp.
and var. are endemic to Macarones:a).

S. MIGUEL (M): 684 vascular plants (HANSEN
& SUNDING 1985), 348 bryophyte species (EG-
GERS 1982). 42 of the vascular plant taxa are en-
demic to the Azores, 10 to Macaronesia; of the
bryophytes 13 and 19 respectively (including 5
taxa at the level of subsp. + var., endemic to
Macaronesia). Size of the island 747 km®, max
altitude 1103 m. Richly varied topography with
several caldeiras, volcanic cones and deep river
ravines, especially in the W and E parts of the
1sland. One of the mawn centres of communica-
tion in the archipelago. Cultivation has left
larger areas of the endemic cloud-zone forest
unspoiled only in the E part of the Island. ln-
tense botanical investigation,

The species numberss of S. Miguel (0.9I/km2
of vascular plants and 0.47/km® of bryophyte
taxa) will here be used for comparison (cf.
Table 35). The survival of severa! cloud-zonc¢
forest plants, both vascular plants and
bryophytes, is now threatened by reforestation
with foreign tree species. Further invasion of
species into the cultivated landscape may take
place.

PICO (P): 506 vascular plants (HANSEN &
SUNDING 1985), 195 bryophyte species (EG-
GERS 1982). 45 of the vascular plant taxa are en-
demic to the Azores, 9 to Macaronesia; of the
bryophytes 9 and 16 (including 4 taxa at the
level of subsp. + var.) respectively.

Size of the island 433 kmz, altitude 2351 m.
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Richely varied topography, with a large number
of caldeiras, volcanic cones, caves and ravines
all over the island. Comparatively scarce com-
munications, except with the nearby island of
Faial. In the coastal zone rich cultivation and re-
forestation, in the cloud-zone large seminatural
grasslands and also the largest remains of natu-
ral forest in the archipelago. Intense botanical
investigation mainly after 1897 (Treleasc).

Vascular plant diversity 1.26 x higher than on
M. bryophyte diversity 0.95 X, considering the
sizc of the i1sland. The high-aititude areas above
the cloud-zone forest (above 1200 m) do hardly
increase the plant diversity of the island, as
mainly occupied by a vegetation which becomes
a progressively depoverished towards the top of
the volcano. The large areas of grazing-land de-
crease the possibilities for colonization of sev-
eral species. The species diversity on the island
is. however, strongly differentiated, being excep-
tionally high in the dense natural forest areas
and very low in fully exposed habitats as well as
in reforested places on the lava fields at towalti-
tudes. The vascular plants of Pico arc now well
known and only few spccies may eventually
become addcd to the flora (such as more or less
accidental weeds). The bryophyte ilora, com-
posed of about 50% hepatics, is not as well
know, mainly due to the large number of diffi-
cultly accessible localities, such as caves, explo-
sion holes and large areas of almost
impeneltrable Juniperion brevifoliae forests on
very rough lava fields.

TERCEIRA (T): 620 specics of vascular plants
(DiAs 1988), 213 bryephyte spccies (EGGERS
1982). 42 of the vascular plant taxa are endemic
o the Azores. 10 to Macaronesia; of the
bryophytes 10 and 13 (including 4 iaxa at the
level of subsp. + var.) respcctively. Size of the
1sland 397 kmz, max. altitude 1021 m. The topo-
graphy is rough, with caldeiras. voicanic cones
and ravines, principally in the W and cencral
parts of the island. One of the three principal
cemmunication islands in the archipelago. The



main parts are cultivated (fields, reforestation,
grazing land), but large areas of unspoiled
cloud-zone forest smll remain in the arza of
Santa Barbara and to the N of Furnas do En-
xofre. The wvascular plant f{lora and the
bryophytes have been intensively investigated
(in recent times especially by 1.B. Gongalves and
by Eduardo Psas).

Vascular plant diversity is 1.71 x higher than
on M, bryophyte diversity 1.15 x. The reason for
these figures is most probably the high altitude
of the island, the sheltered biotopes in 1he big
caldeira (and to some extent the frequent com-
munications with other islands and the conti-
nents, incrcasing the number of ntroduced
plants). The oumber of vascular plants may re-
main fairly stable, provided that the presently
existing areas of natural forests do not become
further exploited.

S. JORGE (J): 424 vascular plants (HANSEN &
SUNDING 1985), 214 bryophyte species (EG-
GERS 1982). 43 of the vascular plant taxa are en-
demic to the Azores, 10 to Macaroaesia; of the
bryophytes 9 and 17 (including S taxa at the
level of subsp. + var.) respectively.

Size of the island 238 km?, max. altitude 1053
m, with large parts of the island above 500 iu.
The topography is extremely rough with pumer-
ous ravines around the island and a large num-
ber of volcanic cones. Communications have
been even less frequent than between Pico and
the other islands. Large areas are cultivated
mainly as semi-natural grazing land. There are
only small remnants of the former cloud-zone
forests al high aliitudes, now rustricted to
ravincs. The vascular tlora became thoroughly
known only after the investigations by Palhinha
since the 1930s. The bryophytes were oanly ex-
tensively known before the 1940s.

Vascular plant diversity is 195 x higher than
on M, bryophyte diversity 1.91 x. The steep
coasts all around the island, the comparatively
small arcas of fields and the large areas of grass-
lands will probably eventually result in only 2

small stable addition of new plants to the isiand.
The diversity of the bryophyte flora may become
lower, as several species of the cloud-zone
forest are now growing in ravines, where only a
small decrease of sheitering trees and shrubs
may threaten their survival. This will also have a
negative effect on several of the vascular plants
that are spersely present teday, and which are
differential species of the endemic cloud-zone
forest.

FAIAL (F): 594 vascular plants (HANSEN &
SUNDING 198S5), 224 bryophyte species (EG-
GERS 1982). 44 of the vascular plant taxa are cn-
demic to the Azores, 10 to Macaronesia; of the
bryophytes 9 and 15 (including 4 taxa at the
level of subsp. + var.) respectively.

The size of the island is 172 km® max. alti-
tude 1043 m. The topography i1s rough with
numerous small and large ravines at high alti-
tudes around the main caldeira and in areas
with some volcanic cores in the westernmost
part of the island. One of the principal com-
munication islands in the archipelago. The main
parts of the island are culavated. Small rem-
nanis of the cloud-zone forest are rctreating to
the interior of the main caldeira. The vascular
and bryophyte flora have been intensively inves-
tigated.

Vascular plant diversity is 3.79 x higher than
on M. bryophyte diversity 2.77 x higher. Reasons
for these unexpectedly mgh figures are the alti-
tude of the island, the rich number of biotopes
in the very decp and large caldeira, which is not
very accessible. The introduction, deliberately
or not, of ¢ largc number of plants to the culti-
vated parts of the island also explains the high
diversity. The large number of bryophytes is due
to the rich variation of biotopes and probably to
some cxtent to the intense investigations. The
number of bryophytes may eventually suffer a
decrcase, as several species may now occur as
uastable relicts under marginal habitat cond:-
tions 15 a landscape deprived of most of its
cloud-zone forest.
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FLORES (L) 320 vascular plants (HANSEN &
SUNBING 1985), 241 bryophytes (EGGERS
1982). 37 of the vascular plant laxa are endemic
lo the Azores, 10 to Macaronesia; ol the
bryophyles 5 and 16 (including 5 taxa al the
level of subsp. + var.) respectively.

The size of the island is 143 km?, max. altitude
914 m, with large parts of the island above 300
m. The topography is rough with numerons vot-
canic cones, caldeiras and ravines. The isolated
posilion of this westermost island has always
meant sparse eommunication with other islands
in the archipelago. Large areas are now trans-
formed to grazingland, which has mostly turned
inte grasslands of inferior quality as 2 result of
being invaded by Sphagruen species. where the
cloud-zone forests have been toially (elled and
where vascular planis have net bcen abie Lo
compete with the messes (precipitation higher
than 3000 mm/yr). Fortunalely there are still
fairlv large remains of the cloud-zone [orest at
the highest altitudes. The vascular plants have
becn well knewn since the 1870s (WATSON
1870). The bryoflora became thoroughly investi-
gated mainly due to the important work carried
out since the 1930sby P.and V. Allorge.

Vascular plant diversity is 3.01 x higher than
on M, bryophyte diversity 3.60 x higher, The
number of vascular plants and bryophytes is ex-
ceptionally high, if only size and altitude of the
island are considered. Bowever, most of the is-
land area is above the lower alutude limit lor
polential growth of a richly devcloped Junipe-
rion brevifolae, due to the cousiderably higher
rainfall than on eother Azorean islends (el.
SIGGREN 1978, p. 18). This fact may be the maia
reason Lor the high diversity figures, also being
positively influenced by the rich differenuation
of biotopes, hnked 1o the rough topegraphy of
the isfund. Unlortunately, o dccrease ol the
plant diversity on Floces ts highly profyible, due
to the desiruction of ¢loud-zone foresl. An
cqually important trunsfermation of the land-
scape in Lhe Azores has taken place on C and J.
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SANTA MARIA (S). 422 vascular plants (HAN-
SEN & SUNDING 1983), 110 bryophytes (EG-
GERS 1982). 25 of the vascular plant taxa are
endemic to the Azores, S 10 Macaronesia; of thc
bryophytes 0 and 5 (including 3 taxa at the level
of subsp. + var.) respectively.

The size of the island is 97 km”, max. altilade
587m. The topography is fairly even in large
parts of the i1siand. Fairly high comimunmication
frequency with other islands in the archipelago
and the mosl frequently communicated island
by air until a few years ago. The low, compara-
tively dry, S parts are heavity overgrazed and de-
prived of shrubs and (rees. Fractiens of the
cloud-zone foresl remain only in small parts at
high altitudes. invesligation of the vascular tlora
has bren intense only since the beginning of this
century (suveral recent recordings by D. Pombo
and A, Huasen). The bryoflora is still incom-
pletety known.

Vascular plant diversity 1s 4.78 x higher than
on M, bryophyte diversity 2.40 x lghcr. The
large number of vascular plants is partly duc to
a rich prescace of weeds in the lower areas of
the 1sland. The number of bryophyles is as low
as on (. although some calcicolous specics
vceur, which are absent or rarc on other islands
in the arclupelago. The lack of cloud-zone
forest is most praobably the resson for the low
bryophyte diversity. The vascular llora may
eventually become slightly incrcascd as a result
of invasion by droughlt-tolerant species o the
lower parts of the 1sland. The bryoliora, more
intensively investigated, imay be lousnd Lo be
about 5% iarger than recorded today.

GRACIOSA {G): 324 vascular plants ( HANSIN
& SUNDING 1983), now 44 muore species alter
the rccordings of £. and T Sjdizren in 1978 (un-
published). 107 bryophyics (EGGERS 1982, incl.
species new to the 1sland, listed in this paper).
(3 of the vascular plant Luxa arc endemic Lo the
Azores, 3 to Mucaronesia; of the bryophytes 2
and 10 (including 2 laxa at the level of subsp. +
var.) respectively.



The size of the i1sland 1s 61 kmz, max. altitude
402 m. The lowest island in the Azores, with un-
usually even topegraphy especially in the W
part; in the S and SE with a few volcanic cones,
one small and one large caldeira; few deep
ravines. Fields and grazing land dominate the is-
land. An Erica-dominated scrub is still left in
small areas, with a severely impoverished type of
flora, including a few plants of the cloud-zome
forest. There are a few reforested areas, the lar-
gest one (partly spontaneous) on a formerly cul-
tivated lava-field to the NE of Pedras Brancas.
A sparsely communicated island, although close
toP,J. T and F. The vascular flora was only ex-
tensively knewn before TRELEASE (1897), and
the bryoflora was very poorly known before
1978 (4 hepatics, 13 mosses)-

Vascular plant diversity 1s 5.83 x higher than
on M, bryophyte diversity 3.72 x higher. The vas-
cular flora of G i1s most unexpectedly large. as
comparcd with the more than 12 x larger island
of M. Approximately 50 vascular plants typical
of the cloud-zone forest communities are not
present on G and at least an equally large num-
ber of bryophytes. Considering precipitation
and relative humidity, the coastal climate is not
very different from that on the other islands of
the central group, which may contribute to the
high number of vascular plants. The bryophyte
diversity is positively influenced by the presence
of ravines. Several of the species not tolerant to
drought bave their only locality in the Furna of
the Caldeira. Both the vascular and bryophyte
flora may now be regarded as fairly stable. Sev-
eral bryophytes may, however, sull be under-re-
corded er not yel documenled.

CORVQO (C): 300 vascular plants (HANSEN &
SUNDING 198S) + 6 species recorded by the
author in 1978, see SiOGREGN 1979). 29
bryophytes (EGGERS 1982). 34 of the vascular
plant taxa are endemic to the Azores, 6 to Ma-
caronesia.

The size of the island is 17 km?%, max. aliitude
718 m. Topography is fairly rough due to

numerous raviaes in the E part of the island.
The coasts are steep all around the island ex-
cept 1n the southernmost part. About 9 km? are
occupied by intensively grazed seminatural
grassland, other parts by the steep coasts, the
ravines, lakes and by grazing land of inferior
quality, as on L invaded by Sphagraun species.
Fractions of cloud-zone forest exist 1o some
ravines. Communications between C and other
islands are still scarce. The number of vascular
plants recorded did not reach close to today’s
figures unti! the investigations by Palhinha. The
bryopbyte flora with only hepatics and 22
mosses documented, is still poorly known. Vas-
cular plant diversity is 19.3 x highcr than for M.
The large number of vascular plants is, as on
Flores, most probably due to extremely high
amounts of precipitation, which means that
most parts of the island, above 200 m, are poten-
tially available for colonization of plants of the
cloud-zone [orest. The determination of a
bryophyte material coliected in 1978 by E. and
J. Sjogren, will most probably increase the num-
ber of bryophytes on the island (o at least 125
spp. (78 species determined in the field). Ia that
case, the bryophyte diversity will rise o a {igure
approximately 15 x higher than for M. Invasion
of vascular plants will probably be small. Some
of the today very small rernaining relicts of
cloud-zone forest plants, may become extinct.
The most demanding bryophytes as regards
shelter and bumidity are probably not threat-
ened in their presently colonized small-scale
biotopes in deep and narrow ravines.
Concluding remarks

The diversity figures of the nine Azorean islands
(Table S), related to their size, range from 0.91 -
17.6 spp./’km2 for vascular-plants, with the io-
wesl figure for S. Miguel and the highest for
Corvo. As cempared with S. Miguel, Pico has &
diversity/km?® 1.27 x higher and Corvo 193 x
higher. "the figurcs for bryophytes range from
0.45 on Pico to 1.75 spp./km> on Graciosa
(Corvo not included). The bryophyte diversity
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on Pico is thus only 0.95 x as high as on S. M-
guel and the highest value is 3.72 x for Graciosa.

There is apparently in the Azorean archipela-
go no positive correlalion between island size
and plant diversity if the numbers of plams/krn2
are eonsidered. If the size of the islands is not
considered, a fairly good coirelation can be
found between ahitude and vascular plant diver-
sity. The number of vascular plants/100 m of al-
titude ranges {rom 40 - 81 spp. on the islands
(mean 55 spp.). The high islands of S. Miguel,
Terceira and Faial have 56 - 62 spp/100 m of
altitude. The tigures for Corvo, S. Jorge and
Flores are only 40 - 43 spp., prebably due to a
supressed number of coastal zone species. The
low value of 42 spp. for Pico (only counting the
altitude range 0 - 1200 m. as there are few addi-
tional species above that altitude), may be due
to a reduced number of coastal plaats aswell.
On Graciosa and Santa Maria, on the other
hand, the figures are 81 and 72 spp. respectively,
probably due to faveurable conditions fer a
large number of coastal plants with varied habi-
tat demands.

The bryophyte tigures of the islands range
from 16 - 32 spp./100 m {mean 22 spp.). The lo-
west figure is 16 spp. on Pico and the highest is
32 spp. on S. Miguel probably due to insufficient
and intense 1nvesiigation respectively. @n the
other islands, the range is 20 - 27 spp. (Corvo
not inciuded), thus giving a fairly good correla-
ilon to altitude.

Frequently communicated islands (Faial, Ter-
ceira) have higher numbers of species than the
sparscly communicated ones of approximately
the sarue size (S. Jorge, Flores). The very rough
topoegraphy of the islands of Pico and S jorge
does naot provide these islands with a compen-
sating rize in numibers of spccics.

The particularly species-rich high islands are
provided with a richer supply of climancally dif-
ferentiated biotepes. However, the equally, high
precmpilation at 800 m on S. Miguel, at 500 m on
Terceira and Pieo and at aboul 250 m on Filores
and Corvo should be taken into consideration.
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The westernmost islands thus get a lower posz-
tion of the basal limit for potential presence of
cloud-zone forest and there is consequently less
space for a richly varied coastal vegetation con-
sisting of plant groups with different habitat de-
mands. The almost equally large number of
vascular plants on Santa Maria and on S. Jorge
is due to a rich presence of coastal-zone species
on Santa Maria but of cloud-zone species on S.
Jorge. There is always a much larger number of
Bryophytes within the altitude range for poten-
tial growth of the cloud-zone forest than within
the ceastal zone of the Festucion petraeae,
which explains the more than 100 % larger num-
ber of bryophytes on Flores than on Santa
Maria.

Graciosa is an extraordinary island as to
diversity, which must be looked upon as unex-
pectedly high considering its low altitude, small
size. sparse communications, fairly even lope-
graphy, large areas of cultivated land and rare
presence of efficiently sheltered habitats as well
as absence of cloud-zone forest. The still smal-
ler island of Corvo is characterized by even
more extreme diversity figures, which arc, how-
ever, more casily correlated te altitude. climate
aad its large areas available for potential growth
of cloud-zone forest.

Still, the plant diversity on Graciosa and
Corvo, in comparison with the other islands of
the archipelago, clearly shows that all vegetation
features cannol be explained or correlated.
There is, for example, frequently a lack of
necessary knowledge on the long-term develop-
ment of vigetation during times of cultivation,
information of major importunce when treating
aspects of existing vegetation,

The numbers of vascular plant taxa cndemic
to the Azores and to Macaronesia are almost
the same on M P T J F (42 - 45 and 9 - 10). For
bryophytes these {igures for the same islands
range between 9 - 13 and 13 -19 taxa respective-
ly. The diversity figures for endemic plants are
apparcotly not positively correlated (o island
size but rather to altitude of the islands. The



Table 5. OQiversity of vascuiar pPlants and bryophytes, inciuding taxa at the tavel of subsp., on the Atores islands.

figures of diversity/kmz as times higher than on 5. Miguel (bryophyte figures of Corvo insufficiently known}.

vascular plants brgn?hgtes diversity
area aftitude total endemic  endemic tota endemic  andemic vascular  bryophytes

island {km?) {m) (Az.) (Macaronesial (tz.)  (Macaromesia) plants

S. ¥iguel 787 1103 684 42 10 348 13 19

Pico 433 2351 506 45 9 185 ] 16 1.27 1.9%

Tercaira 397 1¢21 620 2 10 248 10 13 1,71 1.18

S. Jorga 238 1053 424 43 10 214 9 17 i.93 1.51

Taiel 172 1043 594 44 10 222 2 15 3,79 2.77

Floras 142 21a 320 37 10 2N 8 16 3.01 3.60

Santa Maria 37 887 422 25 110 0 5 4.7% 2.80

Graciosa 81 402 368 13 107 2 14 5.83 3.72

Corve t7 713 308 2 - - - 19.20

high islands with large parts within the cloud-
zone forest range have large numbers of en-
demic species. For the low islands of Graciosa
and Santa Maria the numbers are much lower,
especially for the bryophytes. Most of the en-
demic Azorean bryophytes are confined to the
cloud-zone forest communities of the Junipe-
rion brevifoliae (Table 3).

BRYOFPHYTES OF GRACIOSA, WITH RE-
MARKS ON THEIR PRESENCE. ECO-
LOGY AND SOCIOLOGY

[ntroductory remarks

Samples: Several Azorean bryophytes, both he-
patics and mosses, are difficult Lo determine 1n
the field. They have therefore been sampled and
determined at the Institute of Ecological Botany
and the Institute of Systematic Botany, Uppsala.
They are now kept and registered in UPsV. Lo-
calities for sampling have been given with brief
notes on habitat such as altitude, substrate and
shelter. Some easily determined, generally very
frequent speaies, were not sampled. The alti-
tude range of the localities where they have
been recorded has been given. Numbers of sam-

ples have been added only if more than one was
taken in the respective localities. Earlier do-
cumented presence of the species in the Azore-
an islands is according to the very informative
and up to date list by EGGERS (1982).

Habitat: Somc habitat preferences of the
species on G principally as to substrate, alwtude
and shelter, have been treated. Comparisons
with earlier suggestions as to preferences of the
species in other parts of the archipelago
(S10GREN 1978} were important to previde,
being valuable also in sociological aspects. Alti-
tude ranges of several species have become
much wider in the archipelago afier the do-
cumentation of localities on Graciesa. The un-
expected presence of several cloud-zene species
at lew altitudes on Graciosa is, however, due to
extremely efficient shelter and consequently at-
tractive habitat conditions, such as in deep
ravines, in dense forest stands and especially in
the Furna do Eaxofre of the main caldeira.

Sociology: Most of the Azorean bryophytes
occur with indistinct confinement to other
species and their range of habitats including
substrate 1s frequently very wide. Consequently
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they are not parricularly suitable as differentiai
species of cne or a group of bryo-communities.
Some species, on the other hand, with very re-
stricted habitat preferences, usually appear
more or less strictly associated with a group of
species and may thus be given a certain differen-
tial value. Sociological affinities of the respec-
tive species were treated in this section.
Differential values earlier suggested (SIOGREN
1978) bave been discussed. In some cases these
values have become less pronounced after the
recordings on Graciosa. The apphcation of
some differential species of small.scale associ-
ations, described earlier (v. HUBSCHMANN
1974) bas been criticized.

Nomenclature: Hepatics and mosses are treated
in alphabetical order, with family names men-
tioned. Nomenclature of the hepatics is accord-
ing to GROLLE (1983) and that of the mosses
according to CORLEY & al. (1981). For some
species, names frequently applied earlier, are
given as synonyms.

Abbreviations;
Mac - Macaronesia
Az - Azores islands
S - Santa Marxia
M - Sdo Miguel
T - Terceira
J - Sao Jorge
P - Pico
G - Graciosa
F - Fuial
L - Flores
C - Corve
C Az- Central island group (TJIPGF)
E Az- Eastcro islandgroup (MS)
W Az- Western island group (LC)
Hib. - A.v. Hiibschmann
Sjn. - E. Sjegren
ass. - association
all. - alliance
dif. sp. - differential species
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diff. val. - differential value
leg. - collected by

pref. - preferentially

spls. - samples

HEPATICAE

Anthoceros punctatus L.
= Anthoceros husnotii Steph.

(Anthocerotaceae)

Samples. G: Furna, 140 m, on soil sheltered by
boulder, on road escarpment and on volcanic
ash {4 spls.). - Close to Fuzna, 200 m, on soil in
rock creviccs. Pico Timao, 300 m, on volcanic
ash. Faja, Serra Branca, 200 m. on strongly ex-
posed soil escarpment,

Azorean distrib. SM TJ F L.

Habitat. Pref. epigeic on G, as on other islands
in the Az, and pref. on moist fine soil es-
carpments.

Sociology. Occuss in the Myurum-Allorgea-
Fissidens pallidicaulis - all. but with no diff. val.

Aphanolejeunea teotonii Jov.-Ast. et V. Allorge
= Cololejeunea teotonii (Jov-Ast. et V.
Allorge) Grolle

(Lejeuaeaceae)

Samples. G: Pico Timao, 200 m. sheltered habi-
tat on stone wall. Serra Branca, 300 m, in ravine
on Trichomanes; on base of Pittosporum and on
stones (2 spls.). Ibid., 275 m, on stones ig the
bottom of narrow ravine (2 spls.)

Azorean distrib. M T J P F L. A farrly recently
distinguished endemic member of the Azorean
bryoflora (cf. ALLORGE & J@VET-AST 1950).
Habitat. On G recorded at ¢xceptionally low al-
titudes. In C Az pref. epipbyllous, generally be-
twecn 600 - 900 m. However, ali the localities on
G are very much sheltered.

Sociology. Earlier treated as diff. sp. with strong
diff. val. of the Coloiejeuneetum azoricae Sjn.
78. The diff. val of the species will be kept un-
chaoged, considering its presence tn the whole
archipelago.



Calypogeia arguta Nees el Mont.
(Calypogeiaceae)

Samples. G: Caideira, 200 m, epiphytic on
Cryptomeria japonica, in forest plantation.
Azorean distrib.: MTJIPL.

Habitat: Apparently no substraium prelerence
in the Az. Earlier also recorded in forest planta-
tions at altitude levels below the Juniperior. bre-
vifoliae (¢f. SIOGREN 1978).

Sociology. No soctological affinity in the Az.

Calypogeia fissa (L..) Raddi
(Calypogeiaceae)

Sarsples. G: A [airly large number ol records,
hetween 200 - 300 m.

Azorean distrib.SM TJ P F L.

Habitat. Generally as epigeic, in shcitered
places below Erica ezorica, but also as epiphytic
on Erica and as epilithic oo sheltered stome sur-
faces. Earlier nol recorded below 475 m in the
Az.

Sociology. On G low diff. val. of the epigeic
Myurium- Allorgea - Fissidens pallidicaulis - all.
(Tablc 4).

Cephaloziella divaricata (Sm.) Schiffn,
(Cephaloztellaccac)

Samples. G: Pico Timao. 220 m. us epigeic.
Probably still under-recorded in the Az.
Azorean distrib.: SM L.

Cololejeunea azorica V. Allorge & Jov. Asl.
(Lejeuneaceae)

Samples. G Carapacho, 150 m, on base of £u-
calyptus stem. Pico Timao, 220 m, on Pittospo-
rum stem. Close Lo Pico Timao, 200 m, on
Peryeua indica.

Azorean distrib: M J P F L. A fairly recently
distinguished species (cf. ALLORGE & JOVET-
AST 1953), now known 1o exisl on 7 of the
Arorean islands and on Madeira (SIGGRLEN
1975). Endemic to the Azores snd Madcira.
Habital. On other Azorcan islands rarely epi-

phytic or epixylic. Still to be treated as pref. epi-
phyllousinthe Az.

Sociology. Diff. sp. of the Cololejeuneetum
azoricae Sjn. 78, although now with slightly
weaker diff. val. (Table 1). C. a. is on G a mem-
ber of the epiphytic Frullania microphylla - ass.,
with weak diff. val.

Cololejeunea minttissima (Sm.) Schiffn.
(Lejeuneaceae)

Samples. G: A large number of records, be-
tween 100 - 275 m. Epiphytic on Cryptomeria,
Acacia, Persea, Eucalyptus, Pittosporum, in
dense forest stands. Three samples of the
species as epilithic in the Pedras Brancas forests
close to Pico Timao.

Azorean distrib: SM TJ P F L (+C; leg. Sjn.
78).

Habilal. Earlier records of C.m. in the Az, be-
iween 250-1050 m. Generally epiphyllous; also
growing on other bryophytes such as Porelia
spp- The preferrcd habitats of the species thus
differ on G.

Sociology. Diff. sp. of the epiphytic Frullania
microphylla - 4ss. (Table 1) as well as of the epi-
phytic cloud-zone ass. Echinedio - Lepidozietum
Sjn. 78 and the epiphyllous Cololejeuneetum
azoricae Sjn. 78.

Conocephalum conicum (L.) Underw.
{Conocephalaceac)

Samplcs. G: Serra Branca, 275 m, on soil in a
deep ravine together with the fern Trichomanes
speciosum, also new to the island.
Azoreandisirib. SMTJIPFL.

Habitat. In the Az. mostly on moist line soil cs-
carpments, cfficiently shaded.

Sociology. No diff. val. it is impaossible to d"®&in-
guish a small scale association like the Fegatelle-
wm conicae in the Az (cf. v. HUBSCHMANN
1974), There are no means of distinguishing it,
for cxample. rom the Tetrastichivm-Dumor-
liera - ass. which is also epilithic-epigeic (Table
2).
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Drepanolejeunea hamatifolic (Hook.) Schiffn.
(Lejeuneaceac)

Samples. G: Serra Branca, 275 m, on soil in a
deep ravine. Pico Timéao, 220 m, on soil.
Azorean distrib. MTJPFL.

Habitat. D.h. is apparently very rare on G,
which was not expected, considering the fre-
quent presence of, for example, Cololejeunea
minutissima, which is also a pref. epiphyllous
species in the archipelago.

Dumortiera hirsuta (Sw.) Nees
(Wiesnerellaceae)

Samples. G: Fairly common species, both as
epilithic and epigeic. Recorded between 100 -
300 m.

Azorean distrib: MTIPF L.

Habitat, Mostly in sheltered places, especially if
the substrate is not permanently moist. Large-
grain volcanic deposits become colonized only if
strongly sheltered and preferably also perma-
nently moistened.

Sociology. Diff. sp. of the epilithic-epigeic Te-
trastichium-Dumortiera - ass. (cf. SIOGREN
1978, p. 124). See Table 2. This association is
more richly developed in other Azorean islands,
where it also includes e.g. Jubula hutchinsiae
(although not frequently), a species not yet re-
corded on G.

Fossombronia angulosa (Dicks.) Raddi
(Cadoniaceze)

Samples. G: Furna, 140 m, epilithic on sheltered
rock escarpment; idem, epigeic under Myrica.
Serra Branca, 300 m, epigeic on eroding soil es-
carpment; idem, epilithic, on strongly sheltered
rock surface 1n ravine.

Azorean distib. MTPGF L.

Habitat. On moist soil escarpments, both on fine
and coarse volcanic deposits.

Sociology. See Nardia scalaris.

Fossombronia husnotii Corb.
(Codoniaceac)

&)

Samples. G: Not recorded in 1978.
Azorean distrib.. MTGF.

Fossombronia pusilla (L.) Nees
(Codoniaceae)

Samples. G: One record, W of St. Cruz, sterile
specimen, which makes the determination not
completely reliable.

Azorean distrib.. M L (var. decipiens Corb. on
L).

Frullania dilatata (L.) Dum
(Frullaniacecae)

Samples. G: Several records, between 30 - 275
m. The species generally appears as epilithic but
has also been recorded as epigeic and epiphytic
(on Eucalyptus, Cryptomeria and Pittosporurm).
Azorean distrib: SMTJPGF L.

Habitat. The substratum preference of F.d. is
approximately the same on G as on other
Azorean islands, where most localities are
below the cloud-zone.

Sociology F. 4. has a weak diff. val. of the
epilithic Grimmia azorica-Ptychomitrium - all.
(Table 3). See also Radula lindenbergiana.

Frullania microphylla (Goil.) Pears.
(Frullaniaceae)

Samples. G: Several records, between 100 - 200
m. As epiphytic, excepl in one record.

Azorean distrib. MTJPF L.

Habitat. Considering all the Azorean islands,
F.m. s pref. epiphyllous, at least at altitudes
above 500 m (SIOGGREN 1978). However, the
epiphytic presence of the species in G is the
same as at low altitudes on the other islands.
Sociology. Diff. sp. of the epiphytic Frullania
microphylla - ass. (cf. v. HUBSCHMANN 1974,
SIOGREN 1978, p. 127). F. m. is highly frequent
and appears locally even with high cover per-
centages. It colonizes prel. in the primary stages
of development of a moss carpet on almost all
sarts of tree species in dense forests of G. The
Frullanietum microphyllae (Table 1) may poss-



ibly be regarded as an impoverished assogciation
which, as to altitude increases, progressively de-
velopes into the Echinodio - Lepidozetum cu-
pressinae, an association where F. m. has very
much reduced diff. val

Frullania tamariset (L.) Dum.
(Frullaniaceae)

(incl. F. nervosa Mont., see GROLLE 1970, VAN-
DEN BERGHEN 1976).

$amplcs. G: A large number of records, be-
tween 14() - 300 m, on all sorts of substrates.
Azoreandistnib. STMIJPFL C.

Habitat. The altitude range of £t has become
considerably widened and the substratum pref-
crence made weaker in the Az after the addi-
tion of records {rom G.

Sociology. F.t. has no diff. val. in the Az., net
even at the level of alliance and order (epiphytic
+ epilithic cloud-zone associations) as sug-
gested by v. HUBSCHMANN (1974). £.i. is, for
example, frequent in epiphytic, epilithic as well
as epigeic low-altitude associations in the Az.

Harpalejeunea ovata (Hook.) Schiffn.
(Lejeuneaceae)

Samples. G: A large number of records between
140 - 275 m. The specics appears generally as
epilithic and epiphytic, e.g. on Errca, Pittospo-
rum, Persea, but also as epigeic in some records.
Azoreandistrib: SMTJPF L.

Habatatl. The earlier suggested weak sabstratwn
preference of H.o. has been confirmed by the
records on G. The species s, however, conlined
to weakly exposed habitats al almost all lo-
calities on G.

Sociology. A weak diff. val. of the epiphytic
frullania microphylla - ass. may be suggested
for A. 0. (Table 1).

Heterosc yphus denticuiatis {Mict.) Schiffn.
= Chiloscy phuy deaticulaney MitL

(Geocalycaccac)

Samples. G: Furna, 146 m, as epilithic

Azorean distrib. MJ P L.
Habitat. Earlier known as a species growng up

0 600 m, with no substratum preference.
Sociology. No diff. val.

Lejeunca (ameczrina (Steph.) Schiffn.
(Lejeuneacese)

Samples. G: A very large number of records, be-
tween 100 - 300 m. Geaerally epiphytic and
epilithic, occasionally epigeic and in one sample
epiphyllous on Trichomanes.

Azorean distrib: M TI PF L (+ G leg. Sin.
78). var. azosea (Steph.) Greig-Smith (= L.
azow'ca Steph.yon M T L.

Habitat. The known weak substratum pref-
crence of L. /. in the Az has become further
weakened, taking into censideration the epili-
thic and epigeic records of the species on G.
Socivlogy. L. I. has a very weak diff. val. tewards
cpigeic associations. The presence of L. I. on G
has further strecrgthened the statement
(SIOGREN 1978, p. 137) that this very frequent
hepatic, with almost o substratum preference,
has no diff. val. in the Az

Lejeunea ulicinag (Tayl) Golt. et al.
= Microlejeunea ulivina (Tayl.) Evans,

(Lejeuncaccae)

Samples. G: Caldeira, 200 m, on Cryptomeria (2
spls.). W Praia, 100 m, on Pittosporum and on
sheltered boulder (2 spls.).

Azorean distrib: TMJ P L.

Habitat. The species oceurs on other Azorean
islands pref. at lew altitudes and, as on G, also
with no pronounced substratum preference. The
spccies may be under-recorded ia the archipela-
go as, in many cases, i is difficult 10 separale
from Cololejeunea minutissima at least mn Lhe
ficld.

Lophocelea bideniata (L.) Dum,
(Geocalycaccac)

Samples. G: Caldcira, 200 m, on Cryptomeria (2
spls.). Pedras Brancas, 175 m, cpixylic (2 spis.).
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Azorean diswib.M J L,
Habitat. No distinct substratum preference.
Probably under-recorded in the archipelago.

g.lophocolea fragrans (Moris et De Not.) Gott. et

= Chiloscyphus canariensis Bryhn
(Geocalycaceae)

Samples. G: Caldeira, 200 m, on Cryptomeria.
Yedras Brancas. 200 m, epixylic and at 175 m
epilithic (2 spls.). Serra Branca, 300 m, epigeic
and as epilithic (2 spls.), in ravine.

Azorean distrib. M TJP FL.

Habitat. No clear substratum preference but
stll, as in other parts of the archipelago, rarely
epigeic.

Lophocolea heterophylia (Schrad.) Dum.
(Geocalycaceae)

Samples. G: Pedras Brancas, 175 m, as epixylic.
Azoreandistrib: MTF L.

Habitat. The epixylic substratum preference in
the Az is weak Not recorded as epigeic. The
species seems to avoid the cloud-zone forests.

Lunulana cruciata (L.) Lindb.
(Lunulariaceae)

Samples. G: Furna, 140 m, epigeic in cave.
Furna, 200 m, epigeic.

Azorean distrib. SM FL (+ J,C: leg. Sin. 78).
Habitat. Probably under-recorded in the
archipelago. Pref. epigeic, in sheltered places.
In strongly exposed places needing moist sub-
strates.

Sociology. See Nardia scalarts.

Marchantia paleacea Bertol.
{Marchantiaceae)

Samples. G: Furna. 140 m, epilithic and epigeic
(2 spls.). Serra Branca, 300 m, epilithic and epi-
geicin ravine (2 spls.).

Azorean distitb. SMTPF L.

Habitat. Probably pref. epigeic-epilithic.
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Sociology. In the Az as a whole probably most
frequent in the Plagiochasma-Targionia - ass.
(v. HOBSCHMANN 1974). This ass. also exists on
Madeira but without M. p. (v. HOBSCHMANN
1971).

Marchesinia mackaii (Hook.) Gray
(Lejeuneaceae)

Samples. G: Serra Branca, 275 m, epilithic on
sheltered boulder in bottom of ravine.
Azorean distrib. SMTJPF L.

Nardia scalaris S.F. Gray
(Jungermanniaceae)

Samples, G: Furna, 140 m, epslithic on sheltered
stones. Pico Timado, 300 m, epigeic on rough vol-
canic ash; idem, 200 m. on fairly strongly ex-
posed steep soil escarpment. Serra Branca, 300
m, on croding soil escarpment.
Azoreandistrib:MTJPFL.

Habitai. Prel. epigeic and epilithic, on moist
substrates.

Sociology. On steep soil escarpments in the Az,
N. 5. is [requently associated with e.g. Diplo-
phyilun albicans, Diphyscium foliosum, Philon-
eis rigda and Frullamia tamarisci. The
Diphyscictum {olios: (V. HOBSCHMANN 1974)
was not, however, recorded on G, in the
archipclago becoming frcquent above 500 m, at
least in C Az. The association, although some-
what difficult to distinguish, may be present on
all the 1slands in the Az. but :s most probably
also characterized by Philonous rigida and Di-
plophylium albicans as dif(. spp. Transitions are
certainly, on thc other hand, most trequent te-
wards such small-scale associations as those de-
scribed by v. HUBsCcHManN (1974, Tables
13-19), generally characterized by only one diff.
sp. ("Kcnnart”) namely Lunularia cruciata, Fos-
sombronia angulosa, Anthoceros fausnotis.

Plagiochasma rupestre (Forst.) Steph.
(Aytoniacea)

Samples. (5: No samples were taken.



Azorean disirib.: M.

Habitat. the species is fairly common on G, 1a
several places growing together with Targionia
hypophylla in coastal localities.

Sociology. See Targioma hypophylla.

Plagiochila comiculata (Dum,) Dum.
(Plagiochilaceae)

Samples. G: Pico Timio, 220 m. epigeic in
strongly sheltcred crevices between stones (3
spls.).

Azoreandistrstb-M TJP F L.

Habitat. P. c. is a species with weak substratum
preference in the archipelago, which has been
additionaily confirmed by the records obtained
on G. Earlier not recorded below 475 m. The
prescnce on G at such a low altitude is mom-
vated by the strongly sheitered habatat.

Plagiochila spinulosa (Dicks.) Dum.
(Plagiochilaceae)

Samples. G: (var. macaronesiana not distin-
guished from var. spinulosa). A large number of
records, betweea 175-275 m, only as epigeic and
epilithic.

Azorean distrib. M TJP FL (+ Cileg Sin
78).

Habitat. Earlier known as pref. epiphytic, €pi-
phylious and epixvlic. Records of the species on
G as epilithic and epigeie have weakened that
preference and also widened tbe altitude range
of the species within the archipelago.

Sociology. No diff. val.

Porelia canariensis (F. Web.) Bryhn.
(Porellaceae)

Samples. G: A large number of rccords, be-
tween 100 - 300 m, on all sorts of substrates, but
generally growing as epilithic and epigeic. As
epiphytic on Erica, Persea, Pittosporum.

Azorean distrib.. SMTIJP FL (+ C;leg. §n.
78).

Habitat. Earlier not recorded bclow 400 m.
Apparentty resists desiccation, as rccorded on

G io extremily exposed habitats such as on top
of boulders i field walls.

Porella obtusata (Tayl.) Trev.
= Madotheca thuja (Dicks.) Dum.

(Porellaceae)

Samples. G: Pico Timao, 220 m, epigeic under
Enica (3 spls.)

Azorean distrib.: J.

Habitat. Probably under-recorded in the Az. No
strictly defined habitat preference (cf. SIOGREN
1978, p. 161).

Radula caningtonii Jack.
(Radulaceae)

Samples. G: A very large number of records, be-
tween 100 - 300 m. Epigeic, epilitbic and epi-
phytic (on Acacta, Erica, Persea, Pittosporum).
The most frequent Radula species on G.
Azoreandistrib:SMTJPFL

Habitat. On G, as also on other islands iz the
archipelago, with no pronounced substratum
preference.

Radula complanara (L) Dum.

(Radulaceae)

Samples. G: Pedras Brancas, 175 m, on stone
wall. Fontes, 130 m and 200 m, on boulders (2
spls.).

Azorean distrib. M TJP L

Habitat. Rarc species with unclear babital pref-
erences n all the archipelago. Pref. growing
below the cloud-zene forest zene.

Sociology. See Rudtda lindenbergiana.

Radda lindenbergiana Gott. ex Hartm.
(Radulaccae)

Samples. G: Furna, 140 m, epigeic between
boulders. W of Praia in forest, 100 m, epilithic
(2 spls.). Pedras Brancas, 130 m, epilithic (2
spls.). NW of Carapacho, 160 m, in forest on Pi¢-
tosporum and on boulder (2 spls.).

Azorean distnib: SM T F P F (+ C; leg. Sja.
78).
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Habitat. No decided substratum preference in
the Az. On G, however, clearly pref. epilithic.
The earlier supposed preference of the species
{o grow at altitudes below 300 m (SJOGREX
1978, p. 166) has become strengthened after the
recorded presence of the species on G.

Sociology. The diff. val. for the epilithic associ-
ations Cryphaetum arboreae and Echinodietum
prolixi, suggested by v. HUBSCHMANN (1974),
becomes still more doubtfa) after recordings on
G (cf. SIGGREN op. cit.). Those two associations
are made up of several species which, on G, are
also present in the Frullanietum microphyliae,
such as Fruliania dilatata, Zygodon viridissimus,
Raduia complanata. Frudlania tamarisci.

Radula wichurae Steph.
= Radula limbata Schiffn.

(Radulaceae)

Samples. G: A fardiyv large number of samples

and records. between 100 - 200 m, as epigeic

and epiphytic but generally as epilithic.
Azoreandistntb: SM TJ PG L.

Habitat. Pref. epilithic on G but considering the
presence in the whole archipelago, no substra-
tum preference and, furthermore, characterized
by an unusually wide ecological range.
Sociology. Only very weak diff. val. of the low-
altitude epiphytic and epilithic associations to-
wards epigeic ones.

Reboulia hemisphaerica {L.) Raddi
(Aytoniacecae)

Samples. G: Several records between 140 - 500
m; epigeic and epilithic.

Azorean distrib. SM TJ F L.

Habitat. R.A. 1s pref. epigeic, growing on fine-
soil escarpments and even on coarse soil if at
least occasionally moisiened. Locally, the
species may be dominant on large surfaces, in
an casily eroding mosscarpel. Also on soil-
covered boulder and rock surfaces.

Sociology. A diff. val. of RA. can be maintained
only towards epiphytic and epiphyllous com-
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munities, as well as towards epigeic-epilithic
cloud-zone communities (SIOGREN 1978, p.
168).

Riccardia latifrons (Lindb.) Lindb.
(Aneuraceae)

Samples. G: Several records, between 140 - 300
m; epigeic and epilithic.

Azorean distrib-M TJP F L.

Habitat. Pref. on moist substrates. Earlier not
recorded as epilithic, and now also with extened
altitude range.

Sociology. Diff. sp. of the epilithic-epigeic Te-
trastichium-Dumortiera - ass. (Table 2). Earlier
not given any diff. val. Fairly frequent in prema-
ture stages of the epixylic Lepidozietum azori-
cae, thus only weak dff. val. of the
Tetrastichium-Dumoruera - ass.

Saccogyna viticidosa (L.) Dum.
(Geocalycaczae)

Samples. G: Several records between 140 - 220
m; epigeic and epilithic.

Azorean distrib. SMTJ P FL.

Hatital. In the Az as a whole no substratum
prefercnce. On G pref. epigeic and epilithic.
Scveral species with a very wide altitude range
in the Azorean islands, like S. v, tend to pro-
gressively decrease their substratum preference
towards the cloud-zone.

Sociology. No diff. val. (cf. v. HUBSCHMANN
1974, SIOGREN 1978, p. 171). Most of the
species suggested together with S.v. as dif!f. spp.
ol alliance and order, comprising the epilithic
Bazzanio-Hymenophytleturn  tunbrigensis, are
highly frequent in the Az. at {east within the
cloud-zone, on almost all sorts of substrates.

Targionia hypophylla L.
(Targioniaceae)

Samples. G: A fairly common species on G, es-
pecially on soll in strongly exposed places from
the coast to 150 m. No samples were taken.
Azorcan distrih.SM T § F L.



Habitat. Pref. epigeic species, highly resistent to
desiccation.

Sociology. The most frequently associated
species are treated as diff. spp. in records of the
Plagiochasmo-Targionietum hypophyliae (v.
HUBSCHMANN 1974), an epigeic association
confined to the coastal zonc in the Az. as well as
on Madeira (v. HUBSCHMANN 1971).

Muscti

Allorgea berthelotiana (Mont.) Ando
= Gollania berthelotiana (Moat.) Broth.

(Hypnaceae)

Samples. G: A very large number of records, be-
tween 140-300 m, only as epigeic and epilithic.
Azoreandistrib:SM TIPFL.

Habitat. The records on G help to maintain A.b.
as a pref. epigeic and epilithic species in the Az.
Sociology. Some species frequently associated
with.4.b. havc been listed by SIOGREN (1974, p.
179). Records on G have motivated 4. b. as a
diff. sp. of the Myurium-Allorgea-Fissidens pal-
ldicaulis - all. (Table 4), made up of species
available on most of the Azorean islands, at alti-
tudes below the level of the typically devcloped
cloud-zone forest. Associations of the alliance
are principally confined to sheltered fine soil es-
carpments, if strongly exposed, preferably
where they are permanently moistened.

Anomobxgun; julaceum (Gaerin.,, Meyer et
Scherb.) Schimp.

= Anombryum filiforrie (Dicks.) Husn.
(Bryaccac)

Samples. G: Furna, 140 m, on stone wall and on
road cutting (2 spis.). Serra Branca, 300 mo, epi-
geic (3 spls.).

Azoreandisirib.. M L.

Habaitat. Strongly drought-tolerant species.
growing at low altitudes in the Az Not epiphytic
or epiphyllous.

Barbula unguiculaiq Hedw.
(Pottiaceac)

Samples. G: Ajuda, 100 m, on moist soil es-
carpmeant. Sta. Cruz, 50 m, on soil (2 spls.).
Azorean distrib. SMPFL.

Bartramuia stricta Brid.
(Bartramiaceac)

Samples. G: Sta. Cruz - Praia, Quitadouro, 25
m, on soil escarpmeant.

Azoreandistrib: SM T L.

Habitat. Pref. epigetc.

Brachythecium plumosum (Hedw.) B.S.G.
(Brachytheciaceae)

Samples. G: Several records, betweea 30 - 300
m, as epigeic and epilithic, only in one locality as
epiphytic, on Pittos porum.

Azorean distrib: SMIPFL.

Habitat. Wide altitude range in the Az. Pref.
epilithic.

Sociology. In the Az. as a whole frequently asso-
ciated with Rhynchostegium riparioides and
Thamnobryum alopecurum of the Platyhypnidie-
tum ciparioidis Gams 1927 (see v. HUBSCH-
MANN 1974). The composition of the ass. in the
A2 and 1n western Europe is very similar, which
is rarely the case with other bryo-associations of
the archipelago, supposed to exist also on the
European costinent.

Brachythecium popuieum (Hedw.) B.S.G.
(Brachytheeiaceae)

Samples. G: Several records, between 100 - 300
m, only as epilithic.

Azorean distrib: MTJ P F L.

Habitat. The epilithic substratum preference is
much more proounced en G than on other
Azorcan islands, where the preference of the
species to grow on stone surfaces is much
weaker at altitudes above 500 m.

Sociology. Weak diff. val. of the epilithic low-al-
titude Grimmia azorica - Ptychomitrium - all.
(Table 3). This diff. val. may later become veri-
[ied also on other islands. at altitudes below the
cloud-zone [oresl.
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Brachythecium rivulare B.S.G.
(Brachytheciaceae)

Samples. G: Serra Branca, 275 m, on boulder in
deep ravine.

Azorean distrib.: M F.

Haburat. Pref. on boulders in deep ravines.
Sociology. in the Az. pref. associated with
species of the Platyhypnidietum rivularis (see
Brachythecium plumosum).

Bmcgyrhecium salebrosum (Web. et Mohr)
B.S.G.

(Brachytbeciaceae)
Samptes. G: Caldeira, 200 m, in cave 1n the cal-

derra, as epigeic,
Azorean distrib. SM TP L.

Bryum canaricase Brid,
(Bryaceae)

Samples. G: Not recorded en G in 1978. Pro-
bably under-recorded 1o the Az.
Azorean distrib: SMTGJ FL.

Bivum denianum Grev.
= B. pachyloma Card,

(Bryaceae)

Samples. G: Pedras Brancas, 158 m, on basal
stones in stone wall in strongly exposed habitat.
Azorean distrib: M TP L.

Campylopus fragilis (Brid.) B.S.G.
(Dicranaceae)

Samples. G: Severil records, between 200 - 300
m, as epigeic and epilithic.

Azoreandistrib:M TJPFL.

Habitat. The species sheuld not be. treated as
pref. growing above 5808 m, as eaclier stated by
SIOGREN (1974).

Campyviopus pilifer Brid.
= C. polytrichoides De Not,
(Dicranaceae)

Samples. G: A very large number ! records, be-
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tween 25 -300 m, as epigeic and epilithic.
Agzorean distrib. SM TJPG FL.

Habitat. C. p. is a species with a fairly wide eco-
logical range. The species is strongly drought -
tolerant and prefers to colonize in early stages
of bryo-succession on soil and »ouiders.
Sociology. Fairly strong diff. val. of the epilithic
Grimma azorica-Ptychomitrinom - all. towards
low-altitude associations on other substrates
(Table 3). Strong diff. val. towards epiphytic,
epixylic and epiphyllous associations at high alti-
tude levels. C.p. may appear aiso in the
Myurium-Allorgea-Fissidens pallidicaunlis - all.
on moist soil but not very frequently and always
with low cover degree as a consequence of
strong competition from species mere adapted
to habitats preferred by that alliance.

Cerutodon purpureus (Hedw.) Brid.
(Dicranaceac)

Samples. G: Furna, 140 m, epigeic. Serra Bran-
ca, 20t) m, on soil in clff crevices.
Azorcandistrib: SMTJiPGF L.

Hahitat. In the Az. pref. below the cloud-zone
{orest.

Didymodon {uridis Hornsch. ex Spreng.
{Pottiaceaz)

Samples. G: Sta. Cruz, 50 m, on moist soil
skaflow ravine.
Azorean distrib.;: M.

Didvmodon rophaceus (Brid.) Lasa
= Barbulu tophacea (Brid.) Mitt.

(Pottiacecae)

Samples. G NW of Carapacho, 15() m, on
strongly exposcd soll escarpment. Furna, 140 m,
epilithic and also on soil escarpment (2 spis.).
Aroreandistrib: SM T L.

Di physcium foliesim (Hedw.) Mohr
(Buxbaumiaceue)

Samples. G: Serra Branea, close to the lake. 300
m, epigeic on soil escarpment. Idem. 330 m, em-
geic. Under-recorded on G.



Azerean distrib. SMTIJP FL (+ C; leg. Sjn.
78).

Habitat. Pref. epigeic, frequently on soil es-
carpments.

Sociology. D. f. belongs to the epigeic moss
cover {requently present on more or less steep
soil escarpments of fine soil, starting to appear
in the C Az at about 500 m and getting pro-
gressively more frequent toward higher alti-
tudes. Associated species are: frequently
Diplophyllum albicans, Nardia scalens, Philo-
not's rigida and Saccogyna vittcufosa. D.f. has
been treated by v. HUBSCHMANN (1974) as a
diff. sp. of the Diphyscietum foliosi (Amann
1928) Philippi 1963, an associatien which, in the
Az., may be very difficult to separate from other
small-size epigeic assoc1alions described by the
same author.

Echinodium prolixum (Mitt.) Broth.
(Echinodiaceae)

Samples. G: Not sampled. The species is fairly
frequent as epiphytic above 200 m.

Azarean distrib. M TJ P F L (+ C; leg. Sjn.
78).

Habitat. Pret. epiphytic on G as also at low alt-
tudes on other islands in the Ax. Principally a
bryophyte of the cloud-zone forest.

Sociology. Not present in the epiphytic low-alti-
tude Frullanietum microphyllae, as also in other
parls of the archipelago.

Epipterygium tozeri {(Grev.) Lindb.
(Bryaceae)

Samples. G: several samples, between 140 - 300
m, only as epigeic.

Azorean distrib: SM TP F L (+ C; leg. Sjn.
78).

Habitat. Pref. epigeic in the Az. Pref. on moist
frne-soil escarpmentis. Lew competitive ability in
moss carpets dominated by hepatics.

Socielogy. This small-size bryophyte, somewhat
resembling a small A/ nium species, has certainly
been under-recorded in the Az and conse-
quently became Loo rarcly represented in earlier

described brye-communities. E.t. 1s a diff. sp
with weak diff. val. of the Myurium-Allorgea-
Fissidens pallidicaulis - ail. (Table 4).

Eurhynchium hians (Hedw.) Saade Lac.
= E. swartzii (Turn.) Cura.

(Brachytheciaceae)

Samples. G: Furra, 140 m, epigeic and epilithic
(3 spls.). W of Praia, 100 m, epigeic in forest.
Pedras Brancas, 150 m, epigeic (2 spls.)
Azorean disirib: SM TJP FL.

Eurhynchium praelongum (Hedw.) B.S.G.
= E. stokesit (Turn.) B.S.G.

(Brachytheciaceae)

Samples. G: A verylarge number of records, be-
tween 50-300 m, as epilithic angd epigeic, eccas-
sionally as epiphytic on bases of trees.

Azorean distrib: SM TG PF L (+ C;leg. Sin.
78).

Habiiat. This species, in scveral European
countries on the continent regarded as pref. epi-
geic, has lost all its substratum preference in the
Az,

Ewrhynchium pumilum (Wils.) Schimp.
(Brachytheciaceac)

Samples. G: Caldeira, 200 m, as cpigeic in a
Cryptomeria plantation. Furna, 140 m, as epili-
thic.

Azorean distrib:SMTIJP FL.

Fissidens asplenioides Hedw.
(Fissidentaceae)

Samples. G: Furna, 140 m, e¢pigeic. Fontes. 208
m, epigeic. Pico Timao, 380 m, epigeic on lapilli.
SerraBranca, 380 m, on soil escarpment.
Azorean distrib: SM T J P F L. (in Europe
confined to the Azores islands, accerding to
CORLEY & al., 1981)

Habitat. Fairly frequent on G between 140 -300
m. On other 1slands progressively more [requent
towarls altitudes of the cloud-zone forest.
Socielogy. Frequently present 1o a fairly large
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number of epigeic bryo-associations, from the
coast up to the endemic forest of the funiperion
brevifoliae. Thus hardly suitable as diff. sp. of an
association, such as the Fissidentetum asple-
nioidis (v. HOBSCI{MANN 1974).

Fissidens bryoides Hedw. spp. bryotdes
(Fissidentaceae)

Samples. G: Several records between 50 - 300 m,
as epigeic and epilithic.

Azorean distrib. M T | P F (var. inconstans
(Schimp.) Ruthe also on L: ssp. tamarindifolius
(Turn) Podp. also oo S).

Fissidens crassipes Wils. ex BS.G.
(Fissidentaceat)

Samples. G: Serra Branca, 27> m, epigeic i
ravine and on thickly soil covered boulder (2
spls.)

Azoreandistrib:M TJF L.

Fissidens sernt{atus Brid.
(Fissidentaceae)

Samples. G: Recorded in several localities
above 200 m, generally as cpigeic and epilithic
in strongly sheltered places.

Azorean distrib. SMTJPF L (+ C; leg. Sju.
78).

Habaitat. Pref. epigeic and epilithic as on other
Azorean islands.

Sociology. See SIOGREN (1978, p. 208). F. 5. may
be treated as a diff. sp. with weak diff. val. of the
Tetrastichium-Dumortiera - ass. and also of the
Fissidentctum serrulati Hiib. 74 of the My-
urtwn-Allorgea-Fissidens pallidicaulis - all. (Ta-
bles 2, 4).

Fissidens  taxifolius
(Mitt.) Amann

(Fissidentaccac)

Hedw. ssp. pallidicaulis

Samples. G: A large number of records, be-
tween 140 - 300 m, only as epigeic and epilithic.
The most frequent Fissidens species on G.
Azorean distrib:SMTJPFL.

8

Habuat. The preference of this taxon to grow at
altitudes below the cloud-zone (orest, suggested
earlier (SIOGREN 1978, p. 201), has been con-
fsrmed by the recorded presence of the species
on G. On G pref. growing as epilithic and epi-
geic. Less pronounced substratum preference
has been documented on other islands, at higher
alstudes.

Sociology. Diff. sp. of the epigeic-epilithic
Myurium-Allorgea-Fissidens pallidicaulis - all.
The diff. val. of the mini-association Fissidcnte-
tum pallidicaulis Hub. 1974, becomes difficult to
mainta.in, confirmed by the frequent presence of
the spccies on G together with such species as
Myurium  hochstetteri, Allorgea berthelotiana,
Saccogyna viticulosa and Epipterygium tozeri.

Fissidens virddulus (Sw.) Wahlenb.
(Fissidentaccae)
Samples. G: Furna, 130 m (3 spls.). NW of Ca-

rapacho, 160 m, epigeic.
Azorean distitb: SM L.

Grimumia laevigatu (Grid.) Brid.
(Grimmiaccae)

Samples. G: Not recorded on G in 1978.
Azorcan distrib.: G I

Grimnua montana B.S.G.
{Grimmiaceae)

Samples. G: Not rccorded on G in 1978,
Azorean distrib.: G.

Grimmia yichophylla Grev. ssp. azorica (Ren. et
Card.) Luus.

= Grimmiia azorica Ren. ¢ Card.
(Grimmiaceae)

Samples. G A very large number of records, be-
tween 3 - 275 m. As epilithic. (nly one record
on soil.

Azorcan distrib: SMTJPG F L.

Habitat. Strongly drought-tolerant species. Al-
most obligatory epilithic, which is an extraordi-
narily strong substratum preference among
Azorean bryophyies. Pref. at altitudes below the



cloud-zone forest.

Sociology. Strong diff. val. of the Grimmu'a azori-
ca-Ptychomitrium - all., which has beco-me fur-
ther confirmed by the records on G (Table 3).
The alliance comprises the two epilithic associ-
ations Grimmuetum azoricae and Ptychomitrie-
tum polyphyllae (v. HOBSCHMANN 1974).

Haplodontium notarisii (Mitt.) Broth.
(Bryaceae)

Samples. G: Furna, 140 m, as epigeic.
Azoreap distntb.: M L.

Herzogiella stiiatella (Brid.) lwals.
= Dolichotecu striatella (Brid.) Loeske

(Plagiotheciaceae)

Samples. G: Pedras Brancas, 150 m, as epilithic.
Azoreap distrb.: F.

Heterocladium heteropterum B.S.G.
(Thuidiaceae)

Samples. G: Furna, 140 m, epilithic (2 spls.).
Azorean distrib. M TJPF L.

Habitat. Pref. epiiithic in the Az. Probably
under-recorded, at least at altitude levels below
600 m.

Sociology. No diff. val of the Thamoietum
alopecuri (v. HUBSCHMANN 1974), at least not
towards other ¢pilithic bryo-associations at vari-
ous altitude levels.

Homomallium incurvatum (Brid.) Loeske
(Hypoaceae) '
Samples. G: Furna, 140 m, epilithic on sheltered

dryrock surface.
Azorean distrib.: New to the archipelago.

Hypnum cupressiforme var. resupinatum (Tayl.
E:).yPSpruce) %chirflp. d y

(Hypnaceae)
Samples. G: Several records, between 3-220 m,

gencrallyas epilithic, a few sumples on soil.
Azorean distrib: SM T FG F L

Hypnum jutlandicum Holmen et Warncke
= H. cupressiforme var. ericetorum B.S.G.
(Hypnaceae)

Sampies. G: Furna, 140 m, as epilithic en
strongly expnsed boulder in stone wall (2 spls.)
Azoreandistrib MTPF L.

Hypnum uncinuiatum Jur.
= H. cunariense (Mitt.) Jaeg.

(Hypoaceae)

Samples. G: Several records, between 100 - 200
m, generally as epiphytic and epilithic, occasien-
ally as epigeic. The most frequent of the Hyp-
num species on G as well as on other islands in
the Az.

Azorean distrib: SMTIJP GFL (+ G leg
Sjn. 78).

Lepidopilum virens Card.
= Plagiothecium argyrophyllum Geh.
= Pseudolepidopilum virens (Card.) Luis.

(Daltoniaceae)

Samples. G: Furna, 140 m, epilithicin dark shel-
tered places (3 spls.). Serra Branca, 300 m,
epilithic on boulder in bottom of ravine. idem,
275 m, as epilithic in ravine (3 spls.).
Azoreandistrib. MTJPF L.

Habitat. This species has been treated as pref.
epigeic and epilithic. It is one of several Azore-
an bryophytes with this pronunced type of sub-
stratum preference. L.v. needs shelter. ®n rock
slopes, generally where they are moistened and
where coveéred by a more or less thick cover of
fine soil, which helps Lo retain the moisture.
Sociology. Diff. sp. of the epigeic - epilithic
Tetrastichium-Dumortiera - ass., although de-
scribed as a diff. sp. of the epigeic Isopterygium
laetevirens-Lepidopilum virens - ass. (v. HUB-
SCHMANN 1974). The latter mentioned ass. of
Cryptomeria - plantations on S. Miguel has nct
yel becn encountcred en other islands in the
archipclgo.



Leucobrypem juniperoideum (Brid.) C. Mull.
(Dicranaceae)

Samples. Furna, 140 m, epilithic.
Azoreandistrib. SM TJPFL (+ C; leg. Sjn.
78).

Leucodon canariensis (Brid.) Schwaegr.
= L. treleasei (Card.) Par.

(I.eucodontaceae)

Samples. G: Several records. between 50-275 m,
always as epilithic.

Azorean distrib.. M. Probably under.recorded
in the Az.

Habitat. Probably strongly pref.
Strongly drought-tolerant species.
Sociology. Weak diff. val. of the Grimmia azor:-
ca-Ptychomitrium - all. (Table 3).

epilithic.

Myunum hochstetteri (Schimp.) Kindb.
= M. hebridarum Schimp.

(Myuriaceae)

Samples. G: Several records, between 140 - 220
m, as epigeic and eplithic.

Azorean distrib: SM TJ P FL (+ C; leg. Sin.
78).

Habitat. Weakly pref. epigeic and epilithic at al-
titudes below the cloud-zone forest. Within the
cloud-zone also frequently as epiphytic.
Sociology. Diff. sp. of the epigeic Myurium-Al-
lorgea-Fissidens pallidicaulis - all. Associations
of this all. typical of moist soil escarpments
(Table 4) are found at altitudes below the
Juniperion brevifoliae. Within the cloud-zone
forest the diff. spp,, inclading Myuriurn, tend Lo
losc theie diff. values.,

Neckera intermedia Brid.
= N. laeviusciela Geh.

(Neckeraceae)

Samples. G: Furna, 140 m, as epilithic (2 spls.).
Azorean distrib. M TJ P F L (+ C; leg. Sin.
78).

Habital. In the Az., at least in C Az, pref. above

N

500 m. Habitat conditions at the locality on G, at
remarkably low altitude, provide permanently
high air bumidity and shelter against desiccating
winds.

Neckera webbiana (Mont.) Dill.
= Homalia webbiana (Mont.) Schimp.

= Neckera besseri (1.ob.) Jur.
(Neckeraceae)

Samples. G: Furna, 140 m, as epilithic on very
sheltered cliffs (4 spls.).

Azorean distrib.: S L. Probably under-recorded
in the Az

Habitat. N. w. is a probably pref. epilithic
specics of the cloud-zone forest, even there con-
fined to dark sheltered habitats, such as in cre-
vices of lava flows with dense tree layer. The
locality on G is at exceptionally low altitude (cf.
Neckera intennedia).

Philonotis ngida Brid.
{Bartramiuccae)

Samplcs. G: Several records, between 100 - 350
m, as cpigeic except in onc record.

Azorean distrib. SMTJP F L.

Habitat. Frequent on al! the islands including G,
pref. growing on moist soil escarpments, cvcn
where they are richly water soaked.

Sociology. It has not been possible to rccord any
particular affinily to an epigeic or epilithic asso-
ciation. The diff. val. towards epiphytic, epixylic
and epiphyllous associations must, however, be
regarded as very strong at all altitude levels on
all the Azorean islands.

Plagiothecium stccculéntum (Wils.) Lindb.
(Plagiothcciaceae)
Samples. G: Furna, 140 m, as e¢pilithic.

Azorean distrib.: J.
Habital. See SIOGREN (1978, p. 225).

Polytrichum juni perinurn Hedw.
(Polytrichaceae)



Samples. G: Not recorded on G in 1978.
Azoreandistrib. SMTGIPL.

Polytrichum pilifenim Hedw.
(Polytrichaceae)

Samples. G: Not sampled but recorded in sev-
eral Jocalities from the coast to 350 m, as epigeic
on dry soil.

Azoreandistrib.SMTJPGL.

Pterogonium gracile (Hedw.) Sm.
= P. omithopodioides (Web. et Mohr) Lindb.

(Leucodontaceae)

Samples. G: Furna, 140 m, as epilithic on stone
wall. Caldeira, 200 m, as epilithic oo sheltered
boulder surfaces (2 spls.).

Azoreandistrib: M G L.

Ptychomitrium nigrescens (Kunze) Wik et Marg.
= P. rugricans Schimp.

(Ptychomitriaceae)

Samples. G: The species has been sampled in a
large number of localities between S - 300 m,
generally as epilithic, rarely as cpigeic.

Azorean distrib: SMTGJIPFL.

Habitat. P.n. is a very drought-tolerant species,
with strong preference to grow as epilithic, on
poorly soil-covered or uncovered sione surfaces.
The species occurs primarily in the primary
stages of colonization of strongly exposed
boulder and rock surfaces at altitudes betow the
cloud-zone forest. The Azorean forms of P.
pol yphyllum (also treated as P. azoricum (Card.)
Par.) are quite similar to P.n, even considering
ecological preferences. However, P. azoricum
has a much wider altitude range.

Sociology. P.n. is a diff. sp. with strong diff. val.
of the Grimmia azorica-Ptychomitrium - all.
(Table 3). P. azoricum may eventuaily also
become treated as a diff. sp. of this all. The all.
includes the two mini-associations Grimmietum
azoricae and Ptychomitrietum polyphyllae {v.
HUSCHMANN 1971, 1974).

Rhynchostegiella tenella (Dicks.) Limpr.
(Brachytheciaceae)

Samples. G: Furna, 140 m, epilithic and epigeic
(2 spls.). NW of Carapacho, 150 m, epilithic in
forest. Serra Branca, 275 m, epilithic and epi-
geic in ravine (2 spls.)

Azorean distrib.: M F.

Habitat. Insufficiently known preferences but
probably pref. epilithic and epigeic.

Rhynchostegium niparioides (Hedw.) Card.
= Platyhypnidium riparioides (Hedw.) Dix.

(Brachytheciaceae)

Samples. G. Furna, 140 m, epilithic on moist
rock surface.

Azorean distrib.SM JFL.

Habitat. On G, as on other Azorean islands,
pref. epilithic, on moist and sheltered stone sur-
faces in ravines (cf. SIOGREN 1978, p. 236).

Rhytidiadelphus squiarrosus (Hedw.) Warnst.
(Hypnaceae)

Samples. G: W of Sta. Cruz, 25 m, epigeic 1n
strongly exposed habitat.
Azoreandistrib-MTJPFL.

Scleropodium purum (Hedw.) Limpr
= Pseudoscleropodium purum (Hedw.) Fleisch.
exBroth.

(Brachytheciaccae)

Samples. G: Furna, 140 m, epigeic in open
grassiand and in scrub of Erica (3 spls.). Serra
Branca, 300 m, in open grassland with Thymus
and on fine sand deposits on stcep coast cliffs (2
spls.).

Azorean distrib. SMTIJP FL (+ C; leg. Sin.
78).

Habital. Prel. epigeic, in open grassland vegeta-
tion below the cloud-zone forest,

Sociology. No diff. val. in the Az.

Scleropodium toureusi (Brid.) L. Koch
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= §.illecebrum B.S.G
(Brachytheciaceae)

Samples. G: Pico Timdo, 220 m. epigeic in
places sheltered by E£rica (5 spls.).

Azorean distrib.. M T P F. Probably under-re-
corded in the Az.

Scorpiurium  circinatum (Brid.) Fieisch. et
Loeske

(Brachytheciaceae)

Samples. Several samples, between 30 - 200 m;
mostly as epilithic but also as epigeic and epi-
phytic.

Azorean distrib. SMTIJPFL.

Habitat: Strictly coastal species in the whele
archipelago. Pref. ¢pilithic. S. ¢. is a characteris-
tic species of the endemic Festucion petracae
Sjogren 1973, along the Azorean eoasts.
Sociology. S. c. 1s a diff. sp. of the Grimmia
azorica-Ptychomitrium - all. (Table 3). The diff.
val. is weaker than that of Gnmmia azorica and
Ptychomitnium nigricans and its frequency is
lower. It is also more frequent 1n epigeic com-
muaities. S.c. has, however, a strong diff. val. to-
wards Azorean bryo-associations of the
cloud-zone forest.

Sematophylium substrumulosum (Hampe) Britt.
(Sematophyllaceae)

Samples. G: Several samples, between 100 - 300
m, on al] sorts of substrates.

Azorean distsib: SMTIJPFL.

Habitat. Samples of $. 5. an G have considerably

extended thc carlier known altitude range of

this species, which was earlier knewn principally
from localities above SO0 m.

Sociology. Earlier stated diff. val of §. s. to-
wards cpigeic and epilithic bryo-associations
has become weakened after the recording of the
spectes on G, where it grows fairly frequently on
soil as well as on cliffs and boulders in strongly
sheltered places.

Tetrastichium fontanum (Mitt.) Card.
= Lepidopilum fontanum Mitt.
(Hookeriaceae)

Samples. G: Furma, 140 m, as epigeic; as
epilithic (4 spls.) on moist and sheltered rock
surfaces.

Azorean distzib. SMTIJPF L.

Habitat. This remarkable species, endemic to
the Macaronesian island groups, has a wide
altitude range. The substratum preference of
Tf. is fairly weak if its presence also in the
cloud-zone forest is considered. On G, as on
other islands i the A2, however, pref.
epilithic-epigeic.

Seciology. Diff. sp. of the epilithic-epigeic
Telrastichium - Dumortiera - ass. {Table 2).
Frequently growing together with Bumoriiera
hirswa, Lepidopilwm virens and Riccardia
latifrons, which have also been suggested as diff.
spp. of the association.

Thumnobryum aivpecurum (Hedw.) Nieuwl.
= Thamnium alopecurwn (Hedw.) B.S.G.

(Thamniaceae)

Samples. G: Furna, 140 m, as epilithic (6 spls.)
Azorean distrib. M TJ PFL (+ C; leg. Sin.
78).

Habitat. Wide altitude range and weak substra-
lum preference.

Sociology. No diff. val. in the Azores.

Thudium tamariscinum (Hedw.) B.S.G.
(Thuidiaccac)

Samples. (3: Pico Timao. 220 m, as epigeic.
Azorean distib. M TJ P FL (+ C Icg. Sjn.
78).

Tortella flavovirens (Bruch) Broth.
(Potliaceae)

Samples. G: Furna, 140 m, epigeic m open
grassland and as epilithic on sheltered rock sur-
faces (2 spls.)



Azorean distrib.: S M J.

Habitat. Coastal species, very drought-tolerant.
Socielogy. Diff. sp. of the Festucion petraeae
but with weaker diff. val. than the much more
frequent Tortella nitida, which is also a diff. sp.
of the Grimmia azorica-Ptychomitrium - all,

Tortella nitida (Lindb.) Broth,
(Pottiaceae)

Samples. G: Several samples, between 50-300 m,
generally as epilithic but also as epigeic.
Azorean distrib: SMTIF L.

Habitat. 7. n. is strongly pref. epilithic-epigeic
on G. Coanfined to the coastal zone, pref. grow-
ing at altitudes below 200 m.

Sociology. 7'n. is most frequently associated
with Grimmia azorica and Ptychomitrium nigr-
cans on G, which confirms its earlier supposed
diff. val. of the Grmma azorica-Ptychomitrinm
- all, (Table 3). 7'n. belongs to the piimary stage
of succession, becoming frequently outeom-
peted by pleurocarpous mosses as well as by
highly competitive hepatics such as Fruliania ta-
marnsct and Porella canariensis.

Torula muralis Hedw.
(Pottiaceae)

Samples. G: Sta. Cruz, 50 m, as epilithic oa top
of stone wall and as epigeic (2 spls.). Furne, 140
m, as epilithic. Ajuda, 100 m, as epilithic on
strongly exposed stone wall (2 spls.)

Azorean distrib. SMTIJ FL.

Habitat. Almost only as epilithic, in strong'y ex-
posed habitats at low altitudes.

Trichostomuum brachydontiurm Bruch
(incl. var.litorale (Mitt.) C. Jens.)

(Pottiaceae)

Samples. G: Sta. Cruz, S0 m, on coastal chiffs.
Very frequent 2il over the island along the
coasts.

Azorezn diswib:. SMTIPFL.

Habutat. Pref. epilithic coastal species in the Az.

Weissia brachycarpa (Nees et Hornsch.) Jur.
= W. ludwigii Crom
(Pottiaceae)

Samples. G: W of Sta. Cruz, 50 m, on moist sand
in shallow ravine near the coast.
Azoreandistrib.: T.

Weissia controversa Hedw.
(Pottiaceae)

Samples. G: Several recozds, between 350 - 300
;. as epigeic, occasionally as epilithic.
Azorean distrib: SMTJP FL.

Zygodon viridissimus (Dicks.) Brid. var. virdissi-
mus

(Orthotrichaceac)

Samples. G: W of Sta. Cruz, 50 m, at a distance
of 200 m from the coast, as epilithic on top of
stone wall. W Praia, 100 m, in forest as epilithic
onPersea.

Azorean distrib.SMTJ FL.

Habitat. The species has a restricted altitude
range n the Az. rarely growing above 500 m.
The substratum preference is weak. [t grows 1
strongly as well as weakly exposed places. The
epiphytic preference of Z.v. on the European
continent is not maintained in the Az.

Zygodon viridissimus (Dicks.) Brid. var. vidgaris
i )

(Orthoirichaceae)

Samples. G: Serra Branca, 275 g, as epilithic on
strongly exposed stone wall.,
Azorean distrib.: SM TF.

INDEX OF SPECIES

Hepaticae and Musci of Graciosa, treated in
this paper
(x = eariier not documented on G).

HEPATICAE

X Anthoceros punctatis



Aphanole jeunea teotonti
Calypogeia arguta
Calypogeia fissa
Cephaloziella divaricata
Cololejeunea azorica
Cololejeunca minutissima
Conocephalum conicum

X M om X X

i

x Drepanolejeunea hamatifolia

x Dumortiera hirsuta
Fossombronia angulosa
Fossombronia husnoai
Fossombronia pusiila
Frullania dilatata

x Frullania microphyila

x Fruilania tumarisci

x Harpalejeunea ovata

x Heteroscy phus denticulatus

x Lejeunea lamucerina

X Lejeunea ulicina

x Lophocolea bidentatu

x Lophocolea fragrans

x Lophocolea heterophytla

X Lunularia cruciatu

X Marchantic paleacea

X Nardiu sealaris

X Plagiochasma nipestre

x Plagiochila spinulosu

x Porella canariensis

x Porella obtusaia

X Radula carringtonii

X Radula complanata

x Radula lindenbergiana

x Radula wichurae

x Reboulia hemisphaerica

x Riccardia latijrons

X Saccogyra viticulosa

x Targionia hyvpophylla

MUSCI

X Allorgea berthelotiana

x Anomobryum julacetm

X Burbula unguicuiata

X Bartrumia stricia

X Brachythecium plumosum

94

x Brachythecium populeum

X Brachythecium rivulare

X Brachythecium salebrosum
Bryum canariense

X Bryum donianum

x Campylopus fragilis
Campylopus pilifer
Ceratodon purpureus

x Didymodon luridus

x Didymodon tophaceus

x Diphyscium foliosum

x Echinodium prolixiem

x Epipterygium tozern

x Ewrhynchium hians
Eurhynchium praelongum

x Eurhynchium pumilum

x Fissidens asplenioides

X Fissidens bryoides

X Fissidens crassipes

x Fissidens serrulatus

X Fissidens taxifolius ssp. pallidicaulis

X Fissideny viridulus
Grimmia luevigata
Gnmmia mornitana

Grimmuaa trichophylla ssp. uzorica

x Haplodontiuwm notarisii
x Herzogiella swriatellu

x Heterocladium heteropterum
x Homomallium incurvatum

Hypnum cupressi forme var. resupinatum

x Hypnum jutlandicum
Hypnum uncirulatum

x Lepidopilum virens

x Leucobryum juniperinum
Leucodon canariensis

X Myriwm hochstetteri

N Neckera intermedia

x Neckera webbiana

x Philonotis rigida

x Plagiothecium succulentum
Polytrichum juni perinum
Polytrichuum piliferum
Pterogonium gracite
Ptychomutrium nigrescens

X Rhynchostegiella tenclia



x Rhynchostegium 1 parioides

x Rhytidiadelphus squarrosus

X Sceropodiurn purum

X Scleropodsum touretii

x Scorpiurium circinaturn

x Sematophyllurn subsournulosum
x Tetrastichium fontanum

x Thamnobryum alopecurum

x Thuidium tamarnscinum
Tortella flavovirens

x Tortella nitida

x Tonula rmuralis

x Trnchostomum brachydontium

x Weissia brachyca:pa
X
X

*?

Weissta controversa
Zygodon viridissimus var. vindisstmus
x Zygodon viridissimus var. vulgans
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