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ABSTRACT

Bryophytes are not exempt of rarity and threat, although their
small size, mute colours and difficult field identification may mask
their true conservation status. Actually, it is known that a quarter of
all European bryophytes are under actual or potential threat. The
first Red Data Book for European Bryophytes was produced in 1995,
largely based on national red lists and on the work of a vast team of
bryologists who assessed the conservation status of each European
species. The red listing of bryophytes has undoubtedly contributed
to increase the awareness of planners to this group of organisms, and
several efforts have been made, through Europe, to preserve sites
based on their bryological interest. Accordingly, a specific Red List
for the Azorean Bryophytes may help regional managers to identify
particularly endangered species, thus allowing for the creation of
measures to improve their preservation. In this paper we have used an
adaptation of the works of Deborah Rabinowitz (1981), who created
a typology to access different forms of rarity, using three variables:
Geographical Distribution, Abundance and Habitat Specificity. All
the 480 species and subspecies known to occur in the Azores were
surveyed; of these, 215 species lacked sufficient data to be analyzed
(data deficient), 121 were not considered rare and 144 (1 hornworts,
56 liverworts and 87 mosses) were considered rare, at least in one of
the three parameters considered. The benefits and limitations of the
methodology are briefly discussed. Several practical suggestions are
proposed in order to enhance the conservation of selected bryophyte
species.
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RESUMO

Os briofitos podem ser tdo raros e estar tdo ameacados como os demais
organismos do planeta, apesar de o seu pequeno tamanho, cores discretas
e dificil identificagdo no campo poderem mascarar o seu verdadeiro
estatuto de conservacdo. De facto, é reconhecido que cerca de um
quarto de todos os briofitos da Europa estao efectiva ou potencialmente
ameacados. O primeiro “Livro Vermelho dos Briéfitos da Europa” foi
produzido em 1995, amplamente baseado em listas vermelhas nacionais
e no trabalho de uma vasta equipa de bridlogos que avaliaram o estatuto
de conservagao para as espécies Europeias. A classificacdo de bridfitos
em listas vermelhas tem contribuido para aumentar a sensibilidade
dos gestores para este grupo de organismos e alguns esforcos tém sido
desenvolvidos na Europa, para preservar locais tendo como caracteristica
o seu interesse brioldgico. Consequentemente, uma lista vermelha para
os bridfitos dos Agores pode auxiliar os gestores regionais a identificar
espécies particularmente ameagadas, tornando-se o primeiro passo para
assegurar a sua proteccdo. Neste artigo usamos uma adaptacdo dos
trabalhos de Deborah Rabinowitz (1981), que criou uma tipologia para
desocultar e avaliar varias formas de raridade, utilizando trés variaveis:
Distribui¢ao Geografica, Abundancia e Especificidade do Habitat. Todas
as 480 espécies e subespécies dos Acgores foram investigadas: 215 taxa
nao tinham informacado suficiente para ser analisados (deficientes em
dados), 121 nao foram consideradas raros e 144 bridfitos (1 antocerota,
56 hepaticas e 87 musgos) foram considerados raros pelo menos num dos
parametros considerados. Os beneficios e limitagdes desta metodologia
sao brevemente discutidos. Sao propostas algumas sugestdes praticas
para melhorar a estratégia de conservagao dos briofitos seleccionados.
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INTRODUCTION

One of the most interesting
characteristics of the Azores

is their extraordinary wealth
of bryophytes (480 species and
subspecies, Gabriel et al., 2010),
comparable to the diversity pre-
sent in other Macaronesian ar-

chipelagos (Gonzdalez-Mancebo
et al., 2008; Sérgio et al., 2008),
a feature unparalleled in other
groups of Azorean organisms
(Izquierdo et al., 2004; Borges
et al., 2008, 2010a). In addition,
Azorean islands host a high pro-
portion of European bryophyte
species (Homem & Gabriel,
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2008) and also many endemic
species of vascular plants, mol-
luscs and arthropods (Borges et
al., 2010b), many of which are in
danger as a consequence of his-
torical human occupation and
land-use changes (Borges et al.,
2000, 2009; Cardoso et al., 2010;
Martin et al., 2010; Triantis et
al., 2010). In fact, the conserva-
tion of island biota was always
considered a true priority since
most of the recorded extinctions
have occurred in islands (Sax &
Gaines, 2008).

In spite of more than four
centuries of Human occupa-
tion, the Azores and other
Macaronesian archipelagos,
still possess natural habitats
(Borges et al., 2009; Gaspar et
al., 2011), and these islands are
some of the very few places in
Europe where the ‘biodiversity
crisis’ is particularly critical and
a proper conservation strategy
may effectively contribute to
preserve unique pristine com-
munities. Presently, about a
fifth of the Azorean islands area
is under some legal protection
status (Monteiro & Furtado,
2010), and a few remnants of
native forests have persisted
since the Portuguese occupa-
tion in the early 15th century,
although grasslands and exotic

plantation forests dominate the
islands these days (Borges et al.,
2009).

Most ecological studies in is-
lands, and in particular in the
Azores, are limited in their time
span and a detailed understand-
ing of the long-term responses
of island bryophyte communi-
ties to global change drivers is
not known. Bryophytes have
long been considered indicator
groups for habitat change, as
their lack of roots makes them
totally dependent on the at-
mospheric (or aquatic) inputs
of nutrients (eg. Frego, 2007;
Gignac, 2010). Besides, bryo-
phytes are a characteristic part
of the Azorean native forests,
covering all kinds of substrata,
including leaves of vascular
species, with luxuriant com-
munities (Homem & Gabriel,
2008), and are generally con-
sidered remnants of the sub-
tropical flora that endured the
Quaternary glaciations (but see
Aigoin et al., 2009, who recently
questioned the relictual origin
of Macaronesian bryophytes).
Thus, assessing the conserva-
tion status for bryophytes may
couple with policies for native
habitats protection.

A red list ranks taxa accord-
ing to their threat level and
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extinction risk, and assess-
ments for the red list compile
current knowledge of conser-
vation status and threats to in-
dividual species (ex. Knapp &
Monterrosa Salomon, 2010).
Few vascular plants and even
fewer bryophytes (only 101
of the ca. 18000 species!) have
been formally assessed using
the IUCN system (IUCN, 2010).
However, one of the targets of
the Global Strategy for Plant
Conservation is “a preliminary
assessment of the conservation
status of all known plant spe-
cies, at national, regional and
international levels” (UNEP,
2002). There are various ap-
proaches to achieve this goal,
including the use of expert’s
opinions (ex. Sérgio et al., 1992;
Schumacker, 2001; Sjogren,
1995), the use of herbarium la-
bels information (ex. Krupnick
et al., 2008), the creation of
specific software to create red
lists accommodating the IUCN
criteria (ex. RAMAS, 2007), but
lately it has been advised that a
thorough use of all available in-
formation, including georefer-
enced herbarium specimens and
other parameters such as popu-
lation size and local abundance,
would be a good way forward
to stimulate conservation (ex.
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Brummitt et al., 2008). In prac-
tice, not many species have been
studied in any of these ways and
the information necessary to do
so is impressive. Nevertheless,
the need to better understand
the rarity of species is pressing
and simple methods of ranking
should at least be essayed for all
groups of organisms.

The pioneer work of Deborah
Rabinowitz (1981, 1986) has en-
lightened the rarity concept, ac-
knowledging that

“There are many ways in which

a species can become rare and this

path has profound evolution-

ary and ecological consequences”

(Rabinowitz, 1981: 205).

To define rarity, she used a three
dimensional system including
distribution, abundance and
habitat specificity. Each one of
these dimensions was further
subdivided into two qualita-
tive categories (wide or nar-
row, large or small, generalist
or specialist, respectively), re-
sulting in an eight cells table,
from which, only one cell in-
cludes common species, those
with wide distributions, large
populations and generalist.
All other combinations suffer
from at least one form of rar-
ity. Knowing the rarity status
of species is critical to evaluate
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both their extinction proneness
and their roles in the ecosys-
tems (Gaston, 1994, 2010).

One of the most useful re-
sources to study biodiversity
in the Azores is the regional
species database, ATLANTIS,
where grid-based spatial inci-
dence information, allied to tem-
poral data, has been gathered
for several groups of organisms
(lichens, bryophytes, wvascular
plants, marine invertebrates,
terrestrial molluscs, arthro-
pods and vertebrates) (Borges
et al., 2010c; Martin et al., 2010).
Parallel to this work, the bio-
logical and ecological features
of bryophytes have also been
noted by RG and co-workers.
The information thus gathered
may therefore serve as a start-
ing point for an assessment of
the rarity of bryophytes, using
Rabinowitz’ approach (consider-
ing range, abundance and dis-
tribution). Such a characteriza-
tion has been applied to vascular
plant species (ex. Rabinowitz et
al., 1986; Mclntyre, 1992), verte-
brates (ex. Kattan, 1992; Goerck,
1997), insects (ex. Fattorini,
2011) and was essayed for
European liverworts (Weibull &
Soderstrom, 1995).

In this study we used all
the information available to

Azorean bryophytes, as in-
serted in ATLANTIS database,
supplemented with literature
and herbaria ecological fea-
tures, to analyze the rarity pat-
terns of the species and provide
a preliminary conservation as-
sessment, at the regional lev-
el, of this important indicator
group. Itis expected thatit may
be the basis of an Azorean Red
List for Azorean bryophytes.

METHODS

Study Area

The nine islands composing
the archipelago of the Azores,
aresituated in the North Atlantic
Ocean, extending along a west-
northwest to east-southeast ori-
entation (between 36° 30" - 40°
North latitudes and 24° 30" - 31°
30" West longitudes). The joined
area of the islands is 2,323 km?
(larger island, Sao Miguel, 745
km?  smaller island, Corvo,
17 km?) (Forjaz, 2004). The ar-
chipelago’s highest altitude is
reached in Pico Island, at 2,350
m, but the second highest is-
land (Sao Miguel) is just 1,105
m altitude. The Azores were
uninhabited when Portuguese
navigators arrived in the early
15" century, and the earlier de-
scriptions of the islands por-
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tray them as intensely forested
(Frutuoso, 1963). Nowadays
the Azorean population in-
cludes about 241,800 people,
at a density of 104 inhabitants
per square kilometre (Forjaz,
2004). It is estimated that laurel
forests occupied about 85% of
the present area of Azores; un-
fortunately, most of this natural
habitat has been disturbed, re-
maining only around 6,000 ha
(Fernandez-Palacios et al., 2011;
Gaspar et al., 2011).

Data Sources

A tentative categorization of
rarity was essayed for all the 480
bryophyte species and subspe-
cies included in the most recent
check-list of the Azorean Islands
(Gabriel et al., 2010). The ana-
lyzed data came from literature
and herbarium records. The
first step included a thorough
analysis and interpretation of
the available literature, dating
back to the 19th century (167
sources; see Appendix 1); this
list includes books, chapters and
papers as well as some grey lit-
erature such as academic thesis,
letters and fieldwork reports
(see Borges et al., 2010c for de-
tails). Secondly, the collection
of bryophytes deposited at the
University of the Azores was
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also examined. All informa-
tion was fed to the ATLANTIS
database (Borges, 2005). This
database includes 29,323 spe-
cies citations coming from lit-
erature (most of them, ca. 80%,
with recognizable locations and
indication of date of collection)
and 11,237 citations coming
from herbarium records (most
of them placed at the bryophyte
collection of the University of
the Azores). One of the authors
(RG) has further compiled in-
formation on fruiting, ecology
and substrate preferences for
each bryophyte record; in some
occasions the habitat type was
inferred from other published
sources or direct knowledge of
local experts. Although gaps
of information are inevitable,
and have indeed been demon-
strated (see Aranda et al., 2010),
this database is deemed to be as
complete as possible and a good
starting point to analyze rarity
issues. A webpage, the Azorean
Biodiversity Portal (http://www.
azoresbioportal.angra.uac.pt/),
with data on the taxonomy, de-
tailed distribution of the species
on the Azorean Islands (grid
of 500 m x 500 m), European
conservation status and some
pictures and common names
(whenever possible) has been
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available to the general public
since 2008 (Borges et al., 2010c).

Rarity dimensions

Geographical distribution

Due to the high disper-
sal ability characteristic of the
group (see revision in Rydin,
2008), bryophytes occurring
in the Azores were considered
to have a narrow geographical
distribution when their pres-
ence was known only from
the Macaronesian Islands (i.e.
Macaronesian endemic species
and subspecies) and a wide dis-
tribution, whenever they also
occurred elsewhere. This data
was obtained from the recent
checklist for Azorean bryo-
phytes (Gabriel et al., 2010).

Abundance

Abundance was the most dif-
ficult parameter to quantity, as it
refers to the size of the popula-
tions, which is not immediate in
bryophyte studies (Hallingback
et al., 1998; Hallingback, 2007).
Different authors have used dif-
ferent approaches to estimate
abundance, such as the examina-
tion of museum specimens (see
Fattorini, 2011 for arthropods),
and others have not considered
this parameter for bryophytes
(ex. Soderstrom & Séneca, 2008;

Vanderpoorten & Hallingback,
2008). In order to reach an es-
timation of abundance for bryo-
phytes, we have taken advantage
of a recurrent pattern in ecologi-
cal communities, i.e. the posi-
tive intraspecific or interspecifc
relationship between mean lo-
cal abundance and regional dis-
tribution (Gaston, 1994, 1996),
which assumes that
“Within a taxonomic assem-
blage, locally abundant species
tend to be widespread and locally
rare species tend to be restricted
in their distribution.” (Gaston,
1996: 211).
The key issue here is the use of the
small-scale distribution as a proxy
of abundance. The importance of
scaling, rarity and risk, has been
highlighted by Hartley & Kunin
(2003), working with two plant
species (Dianthus armeria L. and
Silene otites (L.) Wibel) at a distri-
bution resolution of 1-km in Great
Britain. Bearing this in mind, and
using the ATLANTIS database, we
have calculated for each species the
number of geographical cells (500
m x 500 m) allocated with the high-
est precision values (precision 1 —
very precise locations, usually
point UTM data; 2 — localities
never exceeding 25 km?) in all
Azorean Islands (see Borges et al.,
2010c), and subsequently divided
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that value by the total number of
500 m? cells of the archipelago
(10044 cells), thus reaching an
estimate of the area of occupan-
cy (AOO) for each bryophyte.
This ratio of relative area of oc-
cupancy was then considered a
predictor of the local abundance
for each species. All the species
were ranked by this index, and
those which fell below the me-
dian value were considered of
low abundance while the others
were considered as abundant.

Ecological tolerance

Habitat specificity was used
as a proxy of ecological toler-
ance. RG’s species database on
ecological traits was categorized
in 12 different habitat types
(Coastal habitats, Mesic areas,
Native forests, Semi-natural
grasslands, Mountainous ar-
eas, Aquatic habitats, Peat
bogs, Urban habitats, Parks and
Gardens, Intensive pastures,
Exotic forest plantations and
Cave entrances). Table 1 in-
cludes a summary description of
each of the habitats considered.

The islands survey is not eq-
uitable (Table 2); for example, if
the number of records per km? is
considered, Corvo, Terceira and
Graciosa are the best inspected
of the Azorean Islands while Sao
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Miguel is the worst. Likewise,
the percentage of records to
which it was not possible to as-
sign a habitat varied according to
the islands (highest in Faial and
Sao Jorge and lowest in Terceira
and Corvo) but, in average it did
not reach one tenth (9.7%) of the
34976 records considered.

To appreciate the ecological
range of a species, all the re-
cords where this was possible,
were allocated to one of the 12
habitat types. Then, the number
of records present in one habitat
was divided by the total number
of locations of that habitat (nor-
malizing the records per habi-
tat). Finally, for those species
that had 12 or more described
occurrences, the Lloyds Index
of Patchiness (L) was applied:
L= sz - x / x*+ 1 (Basset, 1999),
where S ? and x are respectively
the variance and mean of the
samples in the 12 different habi-
tat types. A specialist species
in the present context is a spe-
cies that showed preference for
a particular habitat, the value
of the index increasing for more
specialized species. According
to the interpretation of differ-
ent authors (eg. Basset, 1999;
Gabriel & Bates, 2005) those spe-
cies with an L value larger or
equal to three, were considered
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TABLE 1. Brief description of the habitats considered in this paper and an indication
of the number of independent locations where bryophytes were collected in the

Azores.

. o Number of
Habitat types | Description locations
Coastal Coastal habitats are situated at the lowest altitudes, near the

. sea, mostly up to an altitude of 50 m, which may be higher, 124
habitats .
depending on the Island.
Mesic areas occur above the coastal habitats and receive
. intermediate amounts of precipitation. These areas are
Mesic areas . . . . . 204
presently dominated by fields (mostly corn fields), intensive
pastures and exotic plantations.
Native forests are the remnants of the former dominant
. , f he fi lers. They incl
Native forests ecosystem types O}md by the first sett ers. They inc uFle 500
evergreen tree species such as Laurus azorica, Erica azorica,
Ilex perado subsp. azorica and Juniperus brevifolia.
Semi-natural These are open areas, mostly located among native forest 0
grasslands fragments, including several herbaceous plant species.
Mountainous | This habitat (high mountain) is restricted to Pico Island, above
) 57
areas 1200 m altitude.
. This habitat includes lagoon margins, temporary and
Aquatic - .
. permanent rivulets, cascades and other interior waters 212
habitats .
habitats.
Peat bogs Large, open areas dominated by Sphagnum spp. 115
Urban habitats Hablt.ats' that may be found in cities and. villages, including 70
buildings and other human constructions.
Parks and Areas covered with exotic species, organized to appreciate 48
Gardens nature.
Intensive Areas dominated by Holcus, Bromus or Lolium species, used by 129
pastures grazing cattle.
Exotic . . .
. Areas dominated by Eucalyptus spp., Cryptomeria japonica or
plantation . 163
Pittosporum undulatum.
forests
Specific habitat, including all the rocky walls of caves (lava
Cave entrances tubes) and volcano entrances (pits and pit caves), where 81

light penetrates.

with restricted habitat require-
ments. Before proceeding to the
calculus of L, the number of oc-
currences in a given habitat was

normalized for the number of
total occurrences in that habitat.
For instance, while there were
522 locations inside native for-
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TABLE 2.
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General characteristics of the Azorean Islands, including the total

number of bryophyte’ records made in the archipelago and the absolute and relative
frequencies of records to which no habitat could be attributed. (*. Forjaz, 2004).

Azorean Area! I?f&i?t Inhabitants' N‘rl;:(l)’regs()f h:{beii:tr (iirslfv(;’riltrl::tlil(t)n
Island

(km?) (m) (Censos 2001) (Np (N,) (%)
Santa Maria 97 587 5578 942 98 10,4
Sao Miguel 745 1105 131609 3897 224 57
Terceira 400 1021 55833 13104 433 3,3
Graciosa 61 405 4780 1576 32 2,0
Sao Jorge 244 1053 9674 4054 744 18,4
Pico 445 2350 14806 6501 780 12,0
Faial 173 1043 15063 2076 404 19,5
Flores 141 911 3995 1551 126 8,1
Corvo 17 720 425 1275 103 8,1

ests, there were only 163 loca-
tions placed in exotic plantation
forests.

Vulnerability index

Species considered rare on dis-
tribution, abundance and ecologi-
cal tolerance, tend to be the most
prone to extinction (Kattan, 1992;
Manne & Pimm, 2001). The con-
sequent application of the three
criteria, with their binomial mea-
surements: Distribution (large/
small), Abundance (common/
rare) and Ecological tolerance
(wide/narrow), led to the follow-

ing categorization: 1. Species
that are not rare; 2. Scarce spe-
cies (rare in abundance); 3.
Species with narrow ecological
tolerance; 4. Restricted spe-
cies (species rare by geographi-
cal range); 5. Scarce species
with narrow ecological toler-
ance; 6. Scarce and restricted
species; 7. Restricted species
with narrow ecological range
and 8. Restricted and scarce
species with narrow ecological
range. Similar categories may
be appreciated for other groups
such as vertebrates (ex. Kattan,
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1992) and arthropods (Fattorini,
2011) and also for bryophytes
Soderstrom (1995).

RESULTS

Of the 480 species referred
to the Azores, only 265 (55.2%)
could be analyzed following
the combination of criteria used
(Appendix 2). From the evalu-
ated species, about half (121;
45.7%) were not considered rare
(1. Species that are not rare) but
six of the seven types of rarity
proposed by Rabinowitz (1981)
were found within the Azorean
bryophytes” dataset (absolute
and relative frequencies of the
eight categories may be seen in
Figure 1). If one considers sin-
gle categories of rarity by them-
selves, less than half (112; 42.3%)
of the evaluated species pre-
sented narrow ecological tol-
erance, more than one fifth (56;
21.1%) were considered scarce and
only 17 evaluated species (6.8%)
had restricted distributions.

The results of the Chi-square
test show that the hypothesis
of overall independence of the
three factors may be rejected
(X?=47.36; df=2; p <0.05), indi-
cating that these factors are not
independent. Separate analysis
of the 2 x 2 tables also indicated

that all measures were not inde-
pendent (p<0.05).

Twenty four species, nine liv-
erworts and 15 mosses, previ-
ously classified in the European
Red List of Bryophytes (ECCB,
1995, Dierssen, 2001), four of
which (Acanthocoleus aberrans,
Jamesoniella rubricaulis, Fissidens
azoricus and Neckera cephalonica)
also suggested by Sjogren (1995)
to become protected species in
the Azores, could not be evaluat-
ed in this analysis. All of these 24
species are scarce (rare by abun-
dance) and none had the neces-
sary number of collections to al-
low a full assessment of their eco-
logical tolerance. Among them
there are five restricted species,
two Azorean endemics (Fissidens
azoricus and Trematodon persso-
niorum) and three Macaronesian
endemics (Leucodon canariensis,
Neckera cephalonica and Tortula bo-
gosica). Trematodon perssoniorum
which, so far, was only found
in Sao Miguel Island seems to
prefer aquatic habitats, and was
collected mostly around Lagoa
das Furnas and Ribeira Quente
(seven records at different times),
while Riccia ligula was only re-
corded in intensive pastures (six
records) and Jamesoniella rubri-
caulis was only collected above
1000 m (five records).
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DISCUSSION

Only about half (265) of all
Azorean bryophytes species and
subspecies (480) could be classi-
fied using the three rarity cate-
gories proposed by Rabinowitz
(1981). In itself, this exposes
a serious lack of information,
regarding mostly abundance
and ecological tolerance, which
thwarts the design of a compre-
hensive conservation policy for
bryophytes. Without appropri-
ate knowledge of the biology of
the species, it is not possible to
understand why a bryophyte is
rare or threatened and it is very
difficult to propose measures
that would induce its recovery.

The data presented in Figure
1 and Appendix 2, shows that
most of the analyzed bryophytes
that may be considered rare
have wide range distributions
(247 species), which is not sur-
prising, considering that bryo-
phytes successfully disperse by
spores. Actually some authors
such as Medina, Draper & Lara
(2011), have argued that due to
their high dispersal ability, bryo-
phytes would tend to ubiquity.
The hypothesis “Everything is
everywhere, but the environment
selects” (EiE) has generally been
accepted by microbiologists (ex.
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O’Malley, 2007) and is being
considered for larger organisms
with microscopic dispersing
stages (e.g. spores), such as ferns
or bryophytes (ex. Fontaneto,
2011). An indirect evidence of
this wide distribution ability is
the low endemism value found
among Azorean bryophytes
(n=7; 1,5%), much lower those
found among native vascular
species or arthropods (Borges et
al., 2010b). Moreover, accord-
ing to the study of Soderstrom &
Séneca (2008), the liverwort flora
of Europe and Macaronesia con-
sists of mainly widespread spe-
cies, and, unlike what happens
with vascular species, the rarest
species occur in oceanic areas
(and not in the Mediterranean
region).

Eight of the 17 Macaronesian
and Azorean endemic bryo-
phytes evaluated, exhibited re-
stricted distributions (Appendix
2, “vulnerability index 4”), while
not appearing to be scarce or re-
stricted in their habitat require-
ments. Interestingly enough,
all of these eight species have
been reported to the three geo-
graphical groups of islands
and are presently known of six
(Breutelia azorica) or more, of
the nine Azorean islands (other
seven species). Although the
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FIGURE 1. Distribution of rarity types within the evaluated bryophyte species

(n=265) in the Azores. Numbers indicate number of species per category; dark

areas of pie charts indicate the percent of the dataset each rarity type represents.

1, Species that are not rare; 2, Scarce species (rare by abundance); 3, Species with

narrow ecological tolerance; 4, Restricted species (rare by range); 5, Scarce species

with narrow ecological tolerance; 6, Restricted and scarce species; 7, Restricted

species with narrow ecological range; 8, Restricted and scarce species with narrow

ecological tolerance.

Chi-square tests indicated a sig-
nificant association among dis-
tribution, rarity and abundance,
endemism is not always asso-
ciated with narrow ecological
tolerance or with scarcity; spe-
cies such as Andoa berthelotiana
and Leucodon treleasei have been

abundantly collected in different
types of habitats and all islands
of the Azores (eg. Gonzalez-
Mancebo et al., 2009). If these
species evolved in Macaronesia
(neoendemics), or
only in Macaronesia (paleoen-
demics), they should indeed

survived
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be well adapted to the Azorean
ecosystems. Notwithstanding,
Echinodium renauldii, which was
recently confirmed as a true en-
demic species (Stech et al., 2008),
is considered vulnerable by the
IUCN (BSG, 2010), on account of
its decreasing population trend
and occurrence in less than ten
localities in five islands of the
Azores; this view is shared by
Sjogren (1995). Fortunately, the
number of places where this spe-
cies has been collected is now
known to be higher (more than
40 locations) and its presence was
confirmed in two more islands
(Corvo and Terceira) since 1995.

Almost half (n=112; 42,3%)
of all the analyzed bryophytes
were considered specialists in
their habitat requirements, as re-
ferred by their high Lloyd index
values, achieved when a high
proportion of the total number
of collections are grouped into
one, or mostly two, habitats.
Man-made habitats, such as ex-
otic forests, grasslands or urban
habitats do not seem to harbour
specialist bryophyte species.
This in itself has sobering impli-
cations for conservation, because
of the historical decrease and
fragmentation of native habitats
(Triantis et al., 2010; Gaspar et
al., 2011).
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Forty liverworts and 24 mosses,
more than half (!) of the special-
ist bryophyte species evaluated
in this study (n=112) and about
a quarter of all evaluated species
show preference for natural for-
ests (n=64; 24.2%). This is not
surprising in view of what we
know about the original plant
cover of the islands — a dense
forest ecosystem (ex. Frutuoso,
1963) that is lavishly covered
with bryophytes in all occurring
substrata. In spite of its obvi-
ous decrease in area (Silveira,
2007), the diversity and luxuri-
ance of the communities that
may be observed in the remain-
ing native forest fragments (ex.
Gabriel & Bates, 2005, Homem,
2005) is still staggering; thus, it
is understandable, that this is
the single most important habi-
tat for bryophyte conservation
in the Azores. Recently it was
also demonstrated that Azorean
native forests are a unique habi-
tat for the conservation of most
endemic arthropods (Triantis et
al., 2010), and a high proportion
of those species are now under
threat of extinction due to its re-
duction. Bryophytes depending
on native fragments are prob-
ably under the same pressures
and would greatly benefit from
an increase in the areas devoted
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to natural forests and from a
careful control of the quality of
remaining fragments, such as
the removal of invasive species.

Peat bogs are structurally
very different from forests, in
their openness and permanent
access to water and eleven spe-
cies were considered specialists
from this habitat, taking ad-
vantage of these special condi-
tions. Obviously, Sphagnum and
Polytrichum species (the green
and brown makers of peatlands)
are prone to be found in these
habitats, but the persistent pres-
ence of the rare Isopterygium
tenerum in Furnas do Enxofre
(Terceira Island), should also be
noted.

Surprisingly, or not (see
Gabriel et al., 2006; Jennings,
2009), caves (lava tube and pit
caves entrances) are an equally
interesting habitat for the spe-
cialist group of bryophytes.
Beyond Asterella africana, that
has been collected specifical-
ly in such habitats, two other
liverworts and eight mosses
find refuge in these harsh en-
vironments, where competi-
tion from vascular species is
certainly lower. Besides the 11
species that have mostly been
collected at cave entrances,
some species such as Plagiochila

longispina, Cyclodictyon laete-
virens, Plagiothecium mnemorale,
Tetrastichium virens and others,
may be found both in native
forest and cave entrances. This
ability to colonize cave rocks is
likely to expand their altitudi-
nal range, as many of the lowest
altitude records were from cave
entrances. It is clear that caves
are acting as refugia for some of
these species. Due to the particu-
lar way abundance was inferred
from the data, this is the least
independent rarity dimension
studied. The main issue is the
lack of standardized data from
where to take sound information
(but see Gabriel & Bates, 2005
and Homem, 2005). However as
showed by Couto (2010), stan-
dardized data on abundance
obtained for several sites, was
well correlated with distribution
at the scale of Terceira Island.
Bearing this in mind, additional
efforts to get standardized in-
formation for different habitats
and islands should be made. A
relatively high number of the
evaluated species (n=56; 21.1%),
showed low abundance values,
and were thus considered scarse.
Scarse species include represen-
tatives from the three taxonomic
groups (hornworts, liverworts
and mosses); some examples in-
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clude species that have been col-
lected in a few places and were
considered specialists such as
Asterella africana (cave entrances),
Leptoscyphus  azoricus (native
forests) or Isopterygium tenerum
(peat bogs) but also species such
as Cephalozia lunulifolia, Fissidens
coacervatus or Campylopus bre-
vipilus.

It is important to recog-
nize that among the species
that could not be evaluated are
Azorean rare bryophytes seem to
be found mostly in three impor-
tant habitats: native forests, peat
bogs and cave entrances. While
a commendatory effort has been
made in order to create natural
parks in all islands including
most native forests fragments,
no such effort has been made to
encompass lava tubes (Pereira et
al., 2011), which are largely un-
der private land and require ade-
quate legislation to protect them,
and peat bogs are presently very
disturbed habitats.

About a third (n=43, 26 liv-
erworts and 17 mosses; 30.1%)
of all conservation dependent
bryophytes (n=143) exist in five
or more Island Parks. These
Parks (one for each Island) have
recently been created in the
Azores and incorporate areas
using different levels of protec-
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tion, generally following IUCN
criteria for protected areas (ex.
Dudley, 2008). Nevertheless,
there is a quarter of all conser-
vation concern species (n=35
species, 22 liverworts and 13
mosses; 24.5%), including
Acrobolbus wilsonii, Adelanthus
decipiens,  Aphanolejeunea  ma-
deirensis, Leptoscyphus azoricus,
Pallavicinia lyellii, Campylopus
shawii or Cyclodictyon laetevirens
that exist in less than five Island
Parks. While some of these spe-
cies have a restricted range in
the archipelago, occurring also in
few islands (ex. Kurzia pauciflora,
Cheilolejeunea cedercreutzii), oth-
ers, such as Plagiochila punctata (7
Islands—3Island Parks), Calypogeia
azorica (6 — 3), Cyclodictyon laetevi-
rens (6 — 3), Pallavicinia lyellii (6 — 2)
or Trichocolea tomentella (4 — 1) are
not adequately protected by the
current design of the Island Parks.

This work illustrates that
even among relatively well stud-
ied groups of organisms — bryo-
phytes, in a very confined region
—the Azores, where a continuing
collection, identification and re-
porting effort has been made
through time, it was not pos-
sible to have a clear picture of
the general rarity patterns of all
species, and only about half of
the reported taxa (n=265; 55.2%)
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could be assessed using a simple
method of categorization. This
hinders conservation efforts, as
only a fraction of knowledge is
available to managers and deci-
sion makers, while enlightening
the way forward. It is clear that
better floristic knowledge and
expertise on bryophytes is nec-
essary in the Azores, if we are to
preserve the wealth of species
and the natural communities
where they occur. As Knapp &
Monterrosa Salomon have stated:
“[this] method is not a substitute
for a quantitative conservation as-
sessment...” (2010: 527), however
it is a way of setting priorities
for further study or monitoring.
Some suggestions follow:

1.The 143 species selected at
least by one of Rabinowitz’s
dimension of rarity should
be followed and all efforts
should be made to adequate-
ly conserve their habitats.

2.The 24 species previously
selected by IUCN criteria
(ECCB, 1995; Dierssen, 2001),
that could not be evaluated
in this study for lack of col-
lection records, should be
very carefully prospected
in the field and their evolu-
tion monitored, especially
the four species that were

also mentioned by the ex-
perts Erik Sjogren (1995)
and / or René Schumacker
(2001):  Acanthocoleus  aber-
rans, Jamesoniella rubricaulis,
Fissidens azoricus and Neckera
cephalonica.

3.0ne liverwort (Aphanolejeunea
madeirensis) and three
mosses (Fissidens coacerva-
tus,  Sphagnum  nitidulum,
Thamnobryum  rudolphianum)
have come out as restricted,
scarce and with a narrow
ecological tolerance, which
means they were considered
rare in the three dimensions
considered. While it is obvi-
ous that their conservation
in the Azores should be care-
fully planned, the taxonomic
status of S. nitidulum and F.

coacervatus, should be clari-
fied.

4.Island Parks are acting as
“safe areas” for a number of
bryophyte species however,
other conservation concern
species would benefit from
a reshape, sometimes quite
straightforward, of those pro-
tected areas.

5.Some species that are not
routinely included in red
lists have nonetheless come
up as rare in one or two
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dimensions, an aspect al-
ready discussed for mosses
by Sjogren (2006). This en-
lightens the scale problem
of conservation: it is impor-
tant to acknowledge that
regional, as well as global,
conservation plans should
be enforced.
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Tortula canescens Mont.

Tortula marginata (Bruch et Schimp.)

Tortula revolvens (Schimp.) G. Roth

Trematodon perssoniorum P. Allorge et
e

na (1)

Tortula vahliana (Schultz) Mont.
Trichostomum triumphans De Not.

Tortula bogosica (Miill. Hal.) R. H. Zander

Tortula atrovirens (Sm.) Lindb.
Tortula cuneifolia (Dicks.) Turner
Tortula solmsii (Schimp.) Limpr.
Trichostomum crispulum Bruch
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Tortella inflexa (Bruch) Broth.
Tortula muralis Hedw.
Tortula truncata (Hedw.) Mitt.
Ulota calvescens Wilson
Ulota crispa (Hedw.) Brid.
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2. Scarce species (rare by
1. Species that are not rare

:1. Species that are not rare
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Weissia controversa Hedw.

Zygodon conoideus (Dicks.) Hook. et

Warnstorfia fluitans (Hedw.) Loeske
Weissia brachycarpa (Nees et Hornsch.)
.

Weissia condensa (Voit) Lindb.
Zygodon viridissimus (Dicks.) Brid.




