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Abstract: The continuous and intense process of habitat loss and fragmentation has reduced the Atlantic
Forest to less than 12% of its original area, with 80% of the remaining fragments smaller than 50 ha and
only 9% protected within conservation units. One of the largest Brazilian Atlantic Forest remnants is
protected inside the Una Biological Reserve —REBIO Una and Una Wildlife Refuge—REVIS UNA (designated
here as “Una Region”). Una Region has fundamental importance to many biological groups due to their
endemic species, most of them threatened, but with regard to bryophytes in Una Region there are still
knowledge gaps. We carried out a bryofloristic survey in Una Region and analyzed floristic, ecological and
reproductive aspects of the bryoflora. Bark, leaf and decaying wood samples were collected within 15 10
x 10 m plots resulting in the identification of 140 species (95 liverworts and 45 mosses), including five new
records for Bahia State and 11 for the Northeastern region of Brazil, one endangered (EN) species, and one
species recently described. Richness estimators revealed high proportions of undetected species, varying
according to substrate type. The bryoflora was dominated by life forms of intermediate desiccation
tolerance and shade specialists. Asexual or sexual reproductive structures were observed in nearly 60%
of the species. Our results indicate that Una Region plays a fundamental role in the maintenance of the
taxonomic, functional and genetic diversity of bryophytes and in the conservation of this group not only
in Bahia, but also in the Atlantic Forest.
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INTRODUCTION isolated, unprotected and, often, strongly altered

fragments (Ribeiro et al. 2009). Nevertheless, this

The Atlantic Forest is the largest biosphere reserve biome still harbors very high levels of biodiversity
designated by UNESCO and one of the priority and endemism (Myers et al. 2000). Specifically
regions for biodiversity conservation worldwide for bryophytes, the Atlantic Forest represents
(Rodrigues et al. 2009). It originally covered an the Brazilian biome with the greatest diversity of
area of more than 130 million hectares along species and the third largest center of diversity in
the Brazilian east coast, ca. 88% of which has the Neotropical region (Gradstein & Costa 2003).
been lost due to intense degradation, leaving It also has three potential distribution centers

forest remnants that mostly consist of small, of bryophytes and the highest environmental
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suitability for establishment and development
of key species, that is, species considered
bioindicators of environmental quality, endemic
to the Atlantic Forest or endemic to Brazil (Silva et
al. 2014).

Bryophytes are sensitive  to
changes in environmental factors, such as light
incidence and air humidity (Glime 2017a, 2017b)
resulting from anthropic activities (Sporn et
al. 2009). Some negative effects on bryophyte
communities include loss of taxonomic diversity
and replacement of less desiccation tolerant
species with others more tolerant (Alvarenga et
al. 2010), loss of functional diversity (Henriques
et al. 2017, Souza et al. 2020), decreased sexual
reproduction and increased asexual reproduction
(Oliveira & Porto 2001, Maciel-Silva & Valio 2011).
The fine ecological responses of these plants to
environmental conditions make them useful
ecological indicators of forest quality (Spitale et al.
2020).

Assuming that undisturbed habitats are
necessary to maintain the diversity of bryophytes
in the Atlantic Forest (Silva & Porto 2015), legally
protected areasare expected to play afundamental
role in the conservation of this group (Brasil 2000).
However, recent analyses have shown that only
27% of the total area potentially suitable for the
occurrence of key species falls within protected
areas established in this biome (Silva et al. 2014),
which is considered less than adequate for efficient
conservation of the group. The Una Biological
Reserve (REBIO Una) and Una Wildlife Refuge
(REVIS Una) are two of these few conservation
units, which are superimposed and together they
protect one of the largest remaining fragments
of Atlantic forest (Ribeiro et al. 2009). The
aforementioned conservation units are located
in the central corridor of potential distribution
of bryophytes (Silva et al. 2014), within the Bahia
Center of Endemism (Galindo-Leal & Camara
2003), and has a high biodiversity, including
many species with some degree of threat or rarity
(Fontoura & Santos 2010, Nemésio 2013). From this
point on, we will designate the union of REBIO
Una and REVIS Una as “Una Region”.

Despite the considerable body of knowledge
on the biodiversity of Una Region, no bryological
studies have been conducted in this fragment
remnant. The information currently available

extremely
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about bryophytes is restricted to data from few
sporadic collections available in the Herbdrio
Virtual da Flora e dos Fungos — HVFF (https://
incthvff.wixsite.com/inct-hvff) and one paper
reporting the rediscovery of a rare species from
Brazil (Reis et al. 2020). Floristic surveysrepresent a
supporting tool not only for taxonomic studies, but
also for meta-analyses in ecology, biogeography,
and evolutionary biology (Soderstrom et al. 2008).
Consideringtheecologicalrelevance of UnaRegion
for the biodiversity of the Atlantic Forest, we aimed
to analyze floristic, ecological and reproductive
aspects of the bryoflora of this conservation unit
and surroundings. Data obtained may serve as a
basis for assessing the environmental quality of
the remaining forest.

MATERIALS AND METHODS

Study area

The study was carried out in one large forest
remnant inserted in the conservation units
Biological Reserve — REBIO Una and Una Wildlife
Refuge — REVIS UNA (designated in this study as
“Una Region”), in the municipality of Una, Bahia,
Brazil (14° 41- 15° 22’ S and 39° 02’-39° 11" W)
(Figure 1). The REBIO Una is a conservation unit of
integral protection inserted in the Atlantic Forest
domain. The surroundings of the REBIO Una are
part of the REVIS Una, and together constitute
the Una Region with an area of 23,404 ha. The
original vegetation in the region is classified as
Tropical Lowland Rainforest and the average
annual precipitation and temperature in the
municipality of Una are approximately 1,300 mm
and 24 °C, respectively (Thomas & Carvalho 2003).
The altitude in the study area ranged from 12 to
107 m.a.s.l.

Sampling methods and checklist

The floristic list of bryophytes from Una Region
was produced based on data obtained during
three field expeditions, lasting seven days each
one, between September/2014 and January/2015,
complemented with data from botanical
collections available in the HVFF.

The samplings of bryophytes were performed
on three types of substrates in the forest
understory of Una Region: tree bark, leaves
and decaying wood (corticicolous, epiphyllous
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Figure 1. Location of sampling sites (a = “Trilha 10 do macaco”, b = “Mata do Principe”, and c = “Ecoparque”)

in Una Region, southern Bahia, Brazil.

and epixylous species, respectively). Bark was
sampled from trees with diameter at breast height
(DBH) > 5 cm and leaves from shrubs and young
trees within 15 10x10 m plots. In this substrate,
were collected bryophytes up to 2 m tall in the
trunk of each shrub and tree sampled. The plots
were located at least 100 m apart from each other.
Decaying wood samples were collected along
trails inside the forest, not limited to the plots.
Records referring to bryophyte collections
carried out in the Una Region were searched in
virtual collections available at the HVFF on July
10, 2020. In the SpLink tool, search form of the
HVFF, we use the keywords “Reserva Bioldgica
de Una; Rebio Una; Reftigio da Vida Silvestre de
Una; Revis Una” in the field ‘busca livre’, and
the keywords “Bahia” and “Una” in the fields
‘Estado’ and ‘Municipio’, respectively. We did
not use the field ‘Filo’ due to the high frequency
of records without information for this field in

virtual collections of bryophytes (Reis & Valente
2022). Carrying out searches for bryophyte data
in the virtual collections with field “Filo” filled
in can have the opposite effects of what was
expected because records with empty in this
field will not be returned in the search, causing
an underestimation of obtained data (Reis et al.
2022).

As a result of our search we obtained one list
containing 589 records corresponding to 332
species representatives of all plant groups already
collected in the region of interest. We downloaded
the data into an excel spreadsheet in which we
proceed to the selection of the bryophyte species.

Treatment of material

Botanical identifications based on
specialized literature. The classification systems
adopted follow Crandall-Stotler et al. (2009) for

liverworts and Goffinet et al. (2009) for mosses.

were
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The samples were deposited in the Geraldo Mariz
Herbarium (UFP) of the Federal University of
Pernambuco.

The geographic distribution of the species in
the country was classified according to Valente &
Porto (2006), as “restricted” in the case of species
occurring in 1-4 states as, “moderate” in the case
of those occurring in 5-9 states, and “wide” in
the case of those occurring in 10 or more states.
To determine the number of states in which each
species occurred, we used information provided
in the literature and in the Flora e Funga do Brasil
(2022) database.

Bryophyte species were classified into two
functional groups related to desiccation (life
forms) and light tolerance (shade specialists, sun
specialists and generalists). Information on light
tolerance of each species was based on literature
data (e.g. Acebey et al. 2003, Alvarenga et al. 2010,
Oliveira et al. 2011) and the opinion of specialists.
Life form classification was based on Bates (1998).

Information on sexual system was obtained
from observations of the collected material and
information available in the literature (e.g. Sharp
et al. 1994, Gradstein & Ilkiu-Borges 2009). Each
specimen was examined to check the presence
of sexual (sporophytes and/or male and female
gametangia) and asexual (e.g. gemmae, caducous
leaves, fragmentation of leaves, specialized
propagules) reproductive structures.

Data analyses

Sample-based accumulation curves (100
permutations) were plotted for the species
inventoried during the field expeditionsin the area
using the Coleman method (Coleman et al. 1982).
In order to estimate substrate-specific differences
in species detectability, accumulation curves
were generated for the entire dataset and then for
each of the three sampled substrate types. Species
richness was estimated for the entire dataset
and for substrate types using the nonparametric
Chao estimator with standard error (Chao 1987)
and the first-order Jackknife estimator (Gotelli &
Colwell 2001). All analyses were carried out using
R software (version 3.6.3) (2020).
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RESULTS

Floristics and geographic distribution

A total number of 140 bryophyte species (95
liverworts and 45 mosses) belonging to 68 genera
and 24 families were registered in Una Region,
of which 132 species were collected in the area
during the field expeditions and 8 were found only
in virtual herbaria database (Table 1). The most
diverse liverwort families were Lejeuneaceae
(64 spp.) and Plagiochilaceae (8 spp.) and moss
families were Calymperaceae (12 spp.) and
Sematophyllaceae (6 spp.), together accounting
for 64% of the bryoflora of the reserve.

Among the 140 species, 33 (23.6%) had a
restricted geographic distribution, 34 (24.3%)
had a moderate distribution, and 73 (52.1%) had
a wide distribution in Brazil. Thirteen species
were endemic to Brazil (ten liverworts and three
mosses) (Table 1). Among the species with a
restricted distribution, six are recorded only in
the state of Bahia (Drepanolejeunea pinnatiloba,
Hypnella symphyodontoides, Lejeunea herminieri,
Prionolejeunea  trachyodes,  Pseudotrachypus
martinicensis and Pycnolejeunea porrectilobula),
and seven occur only in two states (Lopholejeunea
eulopha, Microlejeunea acutifolia, Micropterygium
campanense, Plagiochila lamyana, Prionolejeunea
muricato-serrulata, Rectolejeunea emarginuliflora
and R. flageliformis) (Table 1). Eleven species—nine
liverworts (Cololejeunea gracilis, Saccogynidium
caldense, Leptolejeunea moniliata, Lopholejeunea
eulopha, Microlejeunea acutifolia, Prionolejeunea
muricato-serrulata, Bazzania cuneistipula,
Plagiochila lamyana and Radula elliottii) and two
mosses (Aerobryopsis capensis and Syrrhopodon
incompletus var. luridus) — are new records for
the Northeast region of Brazil. Four liverworts
(Cololejeunea camillii, Cololejeunea gracilis,
Harpalejeunea uncinata and Leptoscyphus
porphyrius) and one moss (Schlotheimia tecta) are
new records for Bahia.

A total of 965 specimens of 132 species in
274 samples were found in the three types of
substrates: 93 species were found as corticicolous
in 116 samples, 47 as epiphyllous in 132 samples,
and 44 as epixylous in 26 samples. Forty-nine
species
live trunks, 18 exclusively colonizing leaves,
and 17 exclusively colonizing decaying wood.

were found exclusively colonizing
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Figure 2. Species accumulation curves (Coleman method) for the entire dataset (A) and the corticicolous (B),
epiphyllous (C), and epixylous (D) assemblages in Una Region. Gray shades represent confidence intervals.

Considering the entire dataset resulting from
the material collected at Una Region, 57 species
(43.8%) were singletons (sensu Chao 1987),
recorded once (38 spp.) or twice (19 spp.).
Rarefaction curves showed that species richness
was closer to saturation in the analysis of the
entire dataset (Figure 2A) and of the corticicolous
species (Figure 2B). In turn, rarefaction curves
of the epiphyllous (Figure 2C) and epixylous
(Figure 2D) assemblages showed a strong
upward trend and did not approach saturation.
The richness estimators showed considerably
greater estimated than observed richness for all
sampled substrates (Table 2). The proportion of
undetected species varied according to substrate
type: decaying wood (52.4% — 78.6%), tree bark
(30.9% — 44.8%), and leaves (42.2%).

Ecological aspects

Seven different life forms were identified in Una
Region: dendroid, fan, mat (including the thalloid
mat variation), pendant, turf and weft. About
72.3% of the 140 bryophyte species had life forms
displaying intermediate desiccation tolerance
(mat and weft), 16.3% desiccation tolerant life
forms (turf), and 11.3% drought-sensitive life
forms (dendroid, fan and pendant). In terms of
light tolerance, there was a balance between the
number of shade specialist and generalist species
(54 spp. And 52 spp., 38% and 37%, respectively),
but the latter stood out in terms of abundance
(445 vs. 358 specimens). Thirty-two species (23%),
represented by 157 specimens, were classified
as sun specialists (Table 1). The shade tolerant
species colonized mainly tree barks, while sun

Table 2. Species richness estimation for the entire dataset and each substrate type according to the
nonparametric Chao and first-order Jackknife estimators.

Total Corticicolous Epiphyllous Epixylous
Species pool 130 93 47 44
Chao Index 156.50 134.68 66.84 78.61
First order Jackknife 162.88 121.75 66.84 67.07
Sample number (n) 274 116 132 26
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Figure 3. Percentage of species belonging to functional groups of light tolerance in Una Region according

to type of substrate.

tolerant species were more frequent in decaying
wood and leaves (Figure 3).

Sexual systems and reproductive strategies

Seventy-three (51.8%) species had a dioicous
sexual system, among which seven are classified
as pseudautoicous (i.e. dioicous species with
dwarf males growing on the leaves of female
plants), and 65 (46%) had a monoicous system.
The sexual system was not identified in two
species.

Approximately 60% of the species presented
asexual or sexual reproductive structures. Sexual
reproduction was observed in 49.2% of the
monoicous and 24.2% of the dioicous species.
Asexual reproduction was observed in only 1.5%
of the monoicous species and in almost 50% of
the dioicous species that also presented sexual
reproduction; 15.2% of the dioicous species
presented only asexual reproduction (Figure 4).
Considering the total number of specimens, 518
(53.7%) were dioicous and 444 (46%) monoicous.
The presence of reproductive structures (sexual,
asexual or both) was observed in 81.5% of the

dioicous and 75% of the monoicous specimens
(Table 1).

DISCUSSION

Floristics and geographic distribution

The presentstudyrevealed the greatest diversity of
bryophytes in the Una Region, which corresponds
to ca. 19.8% of the total richness described for
the northeastern Atlantic Forest (Flora e Funga
do Brasil 2022) and evidences the importance of
forest remnant in this region for the bryophyte
diversity in this phytogeographic domain. The
dominance of liverworts was due to the high
number of Lejeuneaceae species, the most
representative family in lowland Tropical Forests
(Cornelissen & Gradstein 1990). This family,
together with Plagiochilaceae, comprise the most
diverse pantropical families of liverworts in terms
of number of species (Gradstein et al. 2001).

Most of bryophyte species reported for Una
Region are widely distributed throughout Brazil,
but there were also species with restricted
distribution cited only for the Northern region
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Figure 4. Occurrence (%) of sexual and asexual reproduction in bryophytes according to sexual system.

(Amapd, Amazonia, Pard and Roraima) and to the
state of Bahia, indicating a disjunct distribution
between the Atlantic and the Amazon Forests
(Batista et al. 2018). Also noteworthy is the
occurrence species
endemic to Brazil. Other three species have been
rarely found in other floristic surveys carried out

of thirteen considered

in the northeastern Atlantic Forest: Plagiochila
lamyana, Drepanolejeunea pinnatiloba and
Syrrhopodon leprieurii.

Plagiochila lamyana is a species recently
described by Gradstein & Costa (2018) from the
Mount Roraima National Park, Roraima State,
Northern Brazil, occurring as corticicolous on
trunk bases and restricted to areas with high
air humidity as summit areas. Drepanolejeunea
pinnatiloba is described in the literature as
exclusive species of preserved native old-growth
Tropical Forests. This species presents highly
restricted distribution in Brazil, with very
small population sizes and Endangered (EN)
conservation status (Reis et al. 2020). Syrrhopodon
leprieurii, in turn, although it has moderate
distribution in Brazil it occurs more frequently
in the Amazon Forest and southeastern Atlantic
Forest, according to data available on the HVFF.
For the Atlantic Forest, data available on the
SpeciesLink platform show only two old records
of S. leprieurii from the northeastern portion of
the biome (1978 and 2005 yr). Valente et al. (2013)
mention the occurrence of S. leprieurii in the

Oecol. Aust. 27(1):33-57, 2023

vegetation of rupestrian fields and lower montane
fields in the Chapada Diamantina region, but
these authors used information from specimens
previously collected in the region and deposited
in herbaria (secondary data).

The occurrence of the above mentioned
species shows that the forest in Una Region may
have an important role for the maintenance
of the diversity of bryophytes in the Atlantic
Forest, because despite the significant increase
in bryofloristic studies carried out in this biome
over the last decades, including protected areas
(e.g. Alvarenga et al. 2008, 2010, Bastos & Valente
2008, Evangelista et al. 2019, Reis et al. 2015,
Valente & Porto 2006), this species had not been
recollected for at least fifteen years until now.

Although corticicolous species predominated
in Una Region, it is important to highlight
representativeness of the
epiphyllous assemblage. Species that colonize
living leaves have peculiar characteristics,
occurring only in conditions of high air
humidity, and are extremely vulnerable to any
structural alteration of the forest (Richards
1984). Although the richness observed in this
study can be considered high for lowland forests,
richness estimators showed high percentages
of undetected species in the entire dataset and
in the three sampled substrates. The literature
shows that the highly ephemeral nature of leaves
as substrates can decrease the detectability of

the considerable



epiphyllous assemblages in the habitat (Sierra et
al. 2018). Epixylous assemblages are considered
very diverse, but there is a strong turnover of
species following the process of decomposition
of trunks (Sastre-De Jésus 1992) and few species
occur exclusively on this substrate (Richards
1984).

Ecological aspects

Our results suggest that the forest in Una Region
has favorable environmental
the maintenance of a highly rich and diverse
bryoflora. In tropical forests, drought-sensitive
life forms (dendroid, fan and pendant) are
significantly associated with shaded and humid
conditions typical of forest interior sites, while
drought-tolerant forms (turf) are more related
to sun-exposed and arid conditions like those in
forest edges (Oishi 2009). Life forms exhibiting
intermediate desiccation tolerance (mat and
weft) present mechanisms of attachment to
the substrate that protect their leaves against
impacts caused by external factors such as strong
winds (Bates 1998), and are often predominant
in bryophyte communities from lowland tropical
forests (Oliveira & Oliveira 2017).

The similar proportions of generalists and
shade specialists suggest that the environmental
conditions in the area of Una Region allow the
more ecologically demanding species to compete
for niche with generalist species. Shade specialists
are strongly demanding of specific micro-
environmental conditions for the growth and
establishment of populations (Gradstein etal. 2001,
Brito & Ilkiu-Borges 2014). Contrary to our finding,
other studies have often reported an imbalance in
the proportions of these two functional groups,
with a predominance of generalist species over
shade specialists (Silva & Porto 2010, Oliveira et al.
2011). Thelowerrepresentation of sunspecialistsin
our study area was expected because the increase
of these species in the understory is normally
associated with forest degradation (Alvarenga
et al. 2010), which is not the case of the sampled
forest in Una Region.

conditions for

Sexual systems and reproductive strategies

Reproduction among bryophytes in Una Region
was frequent, with ca. 60% of the species showing
reproductive strategies. High sexual reproductive
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success rates (sporophyte production)
observed in the monoicous assemblage, which
was expected in view of the possibility of self-
fertilizationin these taxa (Bisang & Hedenis 2005).
The dioicous assemblage also showed expressive
rates of sporophyte production in addition to a
high incidence of asexual reproduction. Dioicous
species showing simultaneous asexual and sexual
reproduction (e.g. Cyclolejeunea convexistipa,
Radula flaccida and Cheilolejeunea rigidula) were
among the most abundant in Una Region. It is
possible that the occurrence of large populations
and extensive colonized surface areas promoted
by asexual reproduction (Frey & Kiirshner 2011)
are decreasing the distance between female
and male plants and thus increasing the mating
chances and, consequently, sexual reproduction
in our study area. This hypothesis, however, was
not tested.

The knowledge about the reproductive
strategies used by bryophyte species can be
useful to support conservation strategies for the
group, because different reproductive modes can
promote distinct ecological patterns and bring
different evolutionary consequences for the
species: while high out-crossing rates and levels
of genetic variation are expected among dioicous
species, self-fertilization and low genetic variation
is common among monoicous taxa (Longton &
Schuster 1983).

were

CONCLUSION

The floristic, ecological and reproductive aspects
identified in this study provide information for
understanding the distribution and maintenance
of bryophytes in an important area of Atlantic
Forest. The general patterns found in the study,
such as the significant proportion of shade
specialistsand specieswithintermediatetolerance
to desiccation, and the high frequency of sexual
reproduction, especially among dioicous species,
reflect the influence of the humid conditions in
Una Region. More preserved remnants present
better physiognomic structure, with taller
trees and a homogeneous canopy, allowing
the maintenance of more stable microclimatic
conditions (temperature and humidity) and, thus,
arich bryoflora.

The presence of endemic species, one
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endangered species, one recently described
species, and taxa with disjunct distribution
between the Atlantic and the Amazon forests
indicate the biological relevance of Una Region
for the conservation of bryophytes in the Atlantic
Forest and the need to protect both conservation
units. Furthermore, the eleven species newly
recorded from the Northeastern region of Brazil
and the five newly reported for the state of Bahia,
as well as the high proportion of undetected
species indicated by richness estimators reinforce
the need for more research on the bryoflora of this
region and of other insufficiently sampled forest
remnants of Atlantic Forest.

In summary, our results indicate that the
forest in Una Region plays a fundamental role for
the taxonomic, functional and genetic diversity
and conservation of bryophytes not only from
Bahia, but also from the Atlantic Forest. Since the
studied forest are preserved areas, permanently
protected from local anthropogenic disturbance,
we suggest that the patterns observed there can be
used as a “reference” in studies on the effects of
habitat disturbance on taxonomic, ecological and
reproductive aspects of bryophyte species in the
Atlantic Forest.
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