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Abstract — The south-eastern Brazil comprises the Atlantic forest (a region mainly
characterized by tropical evergreen forest), subtropical forest, mangroves, and scrub
sandbanks. Sandy areas are found at sea level, and high altitude grassland spots and rocky
outcrops occur above 2000 m. This region is important because the richness, diversity, and
endemism of species, including bryophytes. The similarity of bryophytes occurring on these
different areas has not been evaluated yet. This study aimed to analyse the bryofloristic
similarity between 12 different areas in south-eastern Brazil, assessing the environmental
factors that influence their distribution. Floristic similarity was analysed under cluster and
Detrended Correspondence Analysis; multi-response permutation procedures were employed
to test the groups’ significance. In order to test whether the geographical distance between
the areas is a relevant factor to test the similarity of the species, Spearman correlation analysis
was performed, and to determine the relationship between the floristic composition and the
environmental variables (altitude, temperature, annual rainfall and distance from the ocean),
canonical correspondence analysis was applied. A low similarity between the 12 studied areas
was observed, but two groups were revealed, the so-called inland areas and coastal areas. The
annual precipitation and annual temperature influenced floristic similarity in the coastal areas
and, the distance from the ocean and altitude were the variables that most influenced inland
areas.

Bryophyte ecology / spatial distribution / liverworts / mosses / multivariate

INTRODUCTION

Bryophytes are more abundant in regions with specific micro-climates with
high air humidity levels, and low evapotranspiration, as poikilohydric plants, the
hydration state is controlled by the environment (Hallingbick & Hodgetts, 2000;
Gradstein et al., 2001; Glime, 2007), their photosynthetic peak occurs during wet or
cloudy period (Tuba, 2011). Most of these plants are perennials and tend to react
immediately to favourable intermittent periods (Tuba ef al., 1998); thus, it is believed
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that they are, as other plant groups, susceptible to global climate change
(Vanderpoorten & Goffinet, 2009). Many authors agree with the idea that the
composition and richness of bryophytes are strongly related to the characteristics of
a forest, i.e. deterministic distribution (based on ecological niche or environmental
filtering); for example, local filters (small scale), as the pH of the substrate, the age
of the forest, soil moisture (water availability), the phorophyte’s characteristics
(Gabriel & Bates, 2005; Strazdina, 2010; Patifio & Gonzalez-Mancebo, 2011;
Schmalholz et al., 2011; Baniya et al., 2012; Sekulova et al., 2012; Kiraly et al.,
2013). On a regional scale, climate, topography and forest structure have caused an
indirect effect on a smaller scale (sample), due to the effects of diversity on a local
scale (Medina et al., 2014). Especially in the Neotropics, the diversity of bryophytes
is dependent on a heterogeneous habitat related to vegetation zones and topography
(regional filters), for example, in forests of the Tropical Andes the bryophytes
richness is highest in areas above 2000 m a.s.l. (Churchill, 1991; Frahm & Gradstein,
1991; Churchill et al., 1995; Gradstein, 1995). Environmental heterogeneity suggests
that species coexist because they may specialise in different parts of the niche (Mota
de Oliveira et al., 2009; Poisot et al., 2011), or share common phenotypic traits
conferring abiotic tolerance (Kraft et al., 2015).

The climate has a major role in determining the distribution patterns of
different types of plant communities on a large scale, due to its influence on
conditions and available resources (Townsend et al., 2010; Medina et al., 2014).
However, the lack of uniformity in the composition at the local community scale
results from the action of local factors, such as, rainfall, moisture, altitude and others
(Townsend et al., 2010). The composition of a local community is determined by
ecological processes of selection in favour or against the distribution of species
(Mota de Oliveira et al., 2009; Townsend et al., 2010). These processes were
described by Keddy (1992) as assembly rules. The selection processes were
conceptually classified to “filter”” hierarchical working into ever smaller scales,
imposing guidelines on the set of communities (Keddy, 1992). The term “ecological
assembly” denotes restrictions on the community structure and composition due to
any of the ensuing ecological filters: dispersion, which refers to the ability of a
species to spread, and the environmental abiotic and biotic interactions, which
correspond to the ecological niche which the species occupies (Mota de Oliveira et
al., 2009; Gotzenberger et al., 2012). Therefore, the establishment of a species can
be defined by dispersal limitation, environmental filter, competitive exclusion (Kraft
et al., 2015). Some studies of vegetation patterns have been conducted to investigate
the relationships of plant communities between areas and which filters influence the
processes that regulate these patterns (Condit et al., 2002; Kiraly et al., 2013; Santos
et al., 2014; Batke et al., 2015). Although a biome is generally treated as a
homogeneous area with vegetation, according to Townsend et al. (2010), the biomes
do not show homogeneity within their hypothetical borders; every biome has
gradients of physical and chemical conditions related to topography and local
geology, thus, communities that occur in different parts of the heterogeneous mosaic
can be quite different.

In South America, the Atlantic forest extends to the coast in some areas of
south-eastern Brazil, eastern Paraguay and Misiones Province of Argentina (Fiaschi
& Pirani, 2009). The area is mainly characterised by tropical evergreen forest, and
subtropical forests are also usually considered part of the domain. Forest formations,
mangroves and scrub sandbanks are common in sandy areas at sea level and high
altitude grassland spots and rocky outcrops are generally found above 2000 m a.s.l.
along the mountain ranges of Serra do Mar and Serra da Mantiqueira, both located
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in the region of south-eastern Brazil (Fiaschi & Pirani, 2009; Oliveira-Filho et al.,
2013a; Sanchez et al., 2013). These mountain ranges, in addition to being natural
barriers to bryophytes, shape climatic factors, such as, orographic rain, which
provide different resources for the colonization of them (Santos et al., 2014). Several
bryofloristic surveys previously developed in the Atlantic forest area showed high
species richness in different areas (Costa & Silva, 2003; Yano, 2005; Yano & Peralta,
2011a, 2011b; Luizi-Ponzo et al., 2013; Yano & Luizi-Ponzo, 2014). This region is
of great importance due to its species diversity, the presence of endemic species and
the floristic affinities with the Andean flora (Morrone, 2001; Gradstein & Costa,
2003; Oliveira-Filho et al., 2013a).

This study aimed to analyse the bryofloristic similarity among different
areas of south-eastern Brazil and to understand the influence of environmental
filtering on the bryophyte assemblages. Based on the premise of a deterministic,
niche-based, bryophyte distribution, the following hypotheses were developed: (1)
areas with similar vegetation type show greater bryofloristic similarity; (2)
environmental filters drive the bryophyte assembly in south-eastern Brazil.

MATERIAL AND METHODS

The paper dealt with 24 different areas of the south-eastern region of Brazil,
from which bryofloristic data were available.

We used data from our own previous field work (Amorim, 2013), as well
as from bryofloristic published papers that complement the studied areas by us. With
this aim an extensive bibliographic review was undertaken, followed by a revision
of nomenclature.

Afterward, we used the median value of the richness of arecas and we
excluded those that had value below 77 species. Thus we do not underestimate the
analysis, avoiding the misinterpretation of the data. This data collection resulted in
12 areas that were selected to be analyzed (Table 1, Fig. 1).

A similarity qualitative matrix, based on the presence (1) and absence (0)
of species in each area, was elaborated. In the matrix, we only included taxa with
identification at species level, after checking the synonyms, according to the online
Index of Mosses Database (2016). For the assessment of floristic similarity, the
following multivariate analyses were applied: (1) cluster analysis, using the Sorensen
coefficient, which is used for qualitative data and assigns more weight to “common”
species in the matrix and unweighted pair group method with arithmetic mean
(UPGMA) for representation in the cluster dendrogram (Kent & Coker, 1992; Felfili
et al., 2011). The cophenetic correlation coefficient was used for show the degree of
deformation of the dendrogram (Palmer, 1993); and (2) Detrended Correspondence
Analysis (DCA) to spatial data ordering and representation under a biplot ordination
graph. Thus, an indirect gradient analysis was obtained, and sorting of data regarding
their species-sampling unit (Kent & Coker, 1992). The analyses were performed
using the software Past v. 2.17¢ (Hammer et al., 2001).

We applied the Multi-response Permutation Procedures (MRPP) analysis to
test the significances in the groups formed by the cluster using the Sorensen index
in PCOrd 4.1 software (McCune & Mefford, 1999).

To test whether the geographical distance between the areas is a relevant
factor in the similarity of the species, Spearman correlation analysis (Legendre &
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Fig. 1. Map highlighting the location of the selected south-eastern areas of Brazil used for multivariate
analysis. EEJI — Jureia-Itatins Ecological Station; PEIA — Ilha Anchieta State Park; PESM — Serra do
Mar State Park; IG — Ilha Grande State Park and Praia do Sul State Biological Reserve; RRP — Rio das
Pedras Ecological Reserve; REN — El Nagual Private Natural Heritage Reserve; SN — Serra Negra;
PEIB - Ibitipoca State Park; JBUF — Juiz de Fora Federal University Botanical Garden; SSJ — Serra
de Sdo José¢; PSC — National Park of Serra do Cipdé; RNV — Vale do Rio Doce Natural Reserve.
e Coastal areas; m Inland Atlantic forest areas; A Inland areas (the inserted small map on the right
shows the situation of the studied areas in Brazil).

Legendre, 1998) was performed. From this, the geographical distance (km) between
each area was taken, using the Google Earth program, and later organised in a table
of “Distance between areas x similarity”. This analysis was also performed using the
software Past v. 2.17c (Hammer et al., 2001).

In order to determine the relationship between the floristic composition and
the environmental variables, Canonical Correspondence Analysis (CCA) was
performed; this technique is a direct gradient analysis, ordering the data of species
and environmental variables from two different and separate matrices (Palmer,
1993). The analysis was performed using the software Canoco for Windows
version 4.5 (ter Braak & Smilauer, 1998).

The environmental variables were extracted from the WorldClim database
using current 2.5 arc-minutes resolution. Data analyses were conducted in DIVA-
GIS 7.5 software. The variables were chosen taking into account that the water
availability, climatic conditions and the altitudinal gradient, are important components
for the establishment of bryophytes in a community (Glime, 2007; Santos et al.,
2014). We used altitude, annual temperature, minimum temperature, maximum
temperature, temperature in the wet season, temperature in the dry season, temperature
in hot season, temperature in the cold season, annual precipitation and distance from
the ocean. As suggested by ter Braak & Smilauer (1998) and Felfili ef al. (2011),
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variables that showed high “variance inflation factor” (VIF > 20) were eliminated
gradually during analysis of the matrix in Canoco. The variance inflation factor
indicates that the variable is redundant with other variables in the data set. The
removal of these variables promotes high collinearity and reduces arc effect (ter
Braak & Smilauer, 1998; Felfili, ef al., 2011). The permutation of Monte Carlo test
was performed to determine the significance of correlations between species and
environmental variables with the first axis and the set of all axes of ordination,
adopting a significance level of 95% (p < 0.05) (Palmer, 1993; ter Braak & Smilauer,
1998).

RESULTS

The similarity dendrogram of species (Fig. 2) shows a low floristic affinity
(Sorensen coefficient < 0.5) between the majority of groups, except for two groups.
One of them includes those species from Rio das Pedras Ecological Reserve (RRP),
Ilha Grande State Park (IG), and Ilha da Anchieta State Park (PEIA), and the other
one, Serra do Mar State Park (PESM) and Jureia-Itatins Ecological Station (EEJI).
The Juiz de Fora Federal University Botanical Garden (JBUF) has no significant
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Fig. 2. Similarity dendrogram of species using the Sorensen coefficient and the Unweighted Pair Group
Method with Arithmetic Mean (UPGMA) algorithm.
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floristic affinities with other areas. The cophenetic correlation coefficient was high
(0.87), showing a low degree of deformation of the dendrogram, confirming a good
cohesion analysis (Palmer, 1993).

The cluster dendrogram shows a division of tendency among the bryophyte
species that composed the coastal Atlantic forests [El Nagual Private Natural
Heritage Reserve (REN), RRP, IG, PEIA, PESM,EEJI, and Vale do Rio Doce Natural
Reserve (RNV)], the inland areas in south-eastern Brazil [National Park of Serra do
Cip6 (PSC) and Serra de Sao José (SSJ)], that are located behind the Serra da
Mantiqueira, and the inland Atlantic forests [Ibitipoca State Park (PEIB) and Serra
Negra (SN)]. The MRPP test confirms significant differences in values (A = 0.28;
p = 0.0005) and indicates that heterogeneity species is greater between the groups
and within them. Although, the low values of the index show differences in species
composition between areas within the same UPGMA group.

The biplot diagram of DCA (Fig. 3) reiterates the same pattern observed in
the cluster analysis, and the existence of groups, even with low floristic affinity. The
DCA shows the separation of these groups in coastal areas, represented by IG, RRP,
REN, PEIA, RNV, EEIJ, PESM, and inland areas, represented by the SSJ, PSC, SN
and PEIB. The JBUF area presents an intersection between the groups. The DCA
shows eigenvalues of 0.40 and 0.29 for the first and second axis; those values were
considered high for tropical vegetation, according Felfili et al. (2011).

The Spearman correlation is not significant (p = 0.96; R = -0.0061) thus, it
is understood that geographic distance is not a major factor in the similarity between
the studied areas.

The biplot of CCA analysis (Fig. 4) has eigenvalues of 0.42 and 0.30 for the
first and second axis, indicating significant relationships between the species and
environmental variables, in which the eigenvalue is significant for tropical communities
(> 0.3) (Felfili et al., 2011).
The correlation of species

and the environment for the
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of 0.99 and 0.98. The
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210+ RRP variables is 35.42% in the
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Fig. 3. Ordination diagram obtained by Detrended Correspondence
Analysis (DCA).

among coastal areas (REN,
IG, PEIA, RRP,RNV PESM,
and EEJI) is affected by
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Fig. 4. Diagram ordination biplot resulting from Canonical Correspondence Analysis (CCA), showing
the relationships of floristic similarity between environmental variables.

Table 2. Estimators of the first two axis of Canonical Corresponde Analysis (CCA) between
species of bryophytes of selected areas with environmental variables (*all canonical axes)

Estimators Axis 1 Axis 2
Eigenvalues 0.42 0.30
% cumulative variance of the species 14.30 24.70
% of variance explained by environmental variables 35.42 61.23
Permutation test Monte Carlo 0.004 0.011*

annual temperature and annual precipitation. These areas also are negative correlated
with the altitude and distance of the ocean. The inland Atlantic forests SN, PEIB and
JBUF and the inland areas as SSJ and PSC are influenced by the distance from the ocean
and the altitude. These areas also are negative correlated with the annual temperature
and annual precipitation. The altitude and distance from the ocean are the most correlated
variables with the first axis, values of 0.88 and 0.52 respectively (Table 3). Thus, the
first axis is more strongly associated with environmental variables related to relief.
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Table 3. Correlation of environmental variables with the first two axes of Canonical Correspondence
Analysis (CCA) (only used variables are shown)

Environmental variables Axis 1 Axis 2
Altitude 0.88 0.42
Distance from ocean 0.52 0.80
Maximum temperature -0.87 -0.28
Annual precipitation -0.28 —-0.05
DISCUSSION

Bryofloristic similarity

The significant indices were found only in those areas with similar altitude
and type of vegetation (EIlJ, IG, PEIA, PESM and RRP), corroborating the first
hypothesis. The same pattern for bryophyte beta diversity was found by Santos et
al. (2014) in a study on spatial distribution of liverworts in the Atlantic coastal forest
of south-eastern Brazil. They observed higher similarity indices between areas with
similar altitudes or areas located in the same unit of conservation near the sea,
suggesting a local floristic gradient due a influence of the local filters. The dissimilarity
observed, in our study, showed the specific bryofloristc composition on a regional
scale. In the present study, the beta diversity of bryophytes was high, also suggesting
a strong influence of environmental filtering on the bryophyte assemblage,
corroborating the second hypothesis. Differences in soil, river and forest formation
were observed on PSC and SSJ areas; ultisol soil type characterizes SSJ (Oliveira-
Filho & Machado, 1993; Gonzaga et al., 2008; Alves & Kolbek, 2009), while oxisol
and cambisol soil types are found in PSC (Rapini et al., 2008), Rio Grande watershed
influences SSJ (Oliveira-Filho & Machado, 1993; Gonzaga et al., 2008; Alves &
Kolbek, 2009), whereas Sao Francisco and Rio Doce watersheds affect PSC (Rapini
et al., 2008). These factors influence the phytophysiognomy of the areas, justifying
the low floristic affinity between them.

The floristic distance observed in the grouping formed between arcas PEIB
and SN, can be explained by the influence of different tree compositions between
areas observed by Valente ef al. (2011). Fragments of tropical rain forest within the
park, surrounded by rock outcrops s./. formations characterizes PEIB (Oliveira-Filho
et al., 2013b), distinguishing it from SN, which presents different tropical rain forest
fragments scattered among rock outcrops s./., pastures region and agricultural
activities (Salimena et al., 2013). Such differentiations, plus the fact that PEIB is a
protected area, seem to influence the composition of the flora of the areas and allow
us to understand the low bryofloristic similarity between them.

The dendrogram showed the floristic distance of the JBUF with the other
areas assessed, which is justified because it consists of an urban fragment, which
suffered severe local interference. Such interference, related to deforestation and coffee
growing, among others (Fonseca & Carvalho, 2012), influence the composition of the
local tree structure by degradation of the area. Thus, occurring the colonization of
more light-tolerant bryophytes species and reducing the colonization by shade species
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(Gradstein et al., 2001; Silva & Porto, 2009). The area has a lower diversity of trees
in relation to more preserved forests, common in urban fragments (Brito & Carvalho,
2014; Fonseca & Carvalho, 2012); this occurs with a smaller supply of substrates for
the colonization of bryophytes. This floristic dissimilarity was also obtained by Paiva
et al. (2015) in a study of the species of mosses in the area, which agrees with the
similarity value of the JBUF with the other areas studied. In the areas of the State
Park of Serra do Mar, the author cites the predominance of generalist species, because
survive best in disturbed areas (Visnadi, 2013). PEIB and SN share a common
physiognomy, rocky outcrop fields associated to quartzitic soils, and cloud forests,
besides high altitude. These characteristics can contribute to the existence of affinity
between areas observed in the analysis. Studies on other plant groups corroborate the
floristic affinities found for the bryophytes between PEIB and SN; Abreu ez al. (2011)
studied the Orchidaceae flora of both areas, and showed that 63% of the species co-
occur in SN and PEIB; Souza et al. (2012) observed 60% of co-occurrence of fern
species in both areas. These floristic affinities support the hypothesis 1, that the areas
have similar characteristics, in the case of bryophytes, have floristic congruence.

The DCA biplot showed a separation between the coastal areas and the
inland areas which is supported by the eigenvalue of the first axis. These areas are
set apart by an extensive chain of mountains, formed e.g. by Serra do Mar and Serra
da Mantiqueira. Since most dispersion processes are short distances (Heinrichs et
al., 2009; Vanderpoorten & Goffinet, 2009), such chains act as natural barriers and
influence the dispersion of the species as a physical barrier, holding the air mass,
causing orographic rainfall, and increasing relative humidity, especially in the eastern
face of the Serra do Mar (Scheer & Mocochinski, 2009; Sanchez et al., 2013; Santos
et al., 2014), which justifies the segregation of these areas in the diagram of analysis.
Once again, JBUF is apart from the others inland areas, what is explained by the
strong anthropogenic influence suffered on the site.

Environmental filtering

The low similarity values corroborate the proposal that bryophytes are
regulated by specific local factors, such as the climate. Different authors report that
the micro-climate conditions are decisive for the colonization of bryophytes (Ledon-
Vargas et al. 2006; Batke et al., 2015; Dynesius, 2015). Silva & Porto (2010)
observed, in a study on edge effect, that specific micro-climate conditions (altitudinal
differences and the canopy dynamic) of bryophytes communities in Atlantic forest
fragments in north-eastern Brazil influenced the richness and diversity of species.
Holz et al. (2002) demonstrated that the distribution of species and life forms in
different micro-habitats were correlated with humidity and light regimes, which
presented distinct difference in species found in the tree bases, trunks, branches, and
twigs. In a study developed by Costa et al. (2015), the authors reported bryophyte
peaks endemism and high species richness occurred at high elevations (2100 m) in
the upper montane forest in Itatiaia National Park, that demonstrated the high
specificity of species of bryophytes to summit climates.

The results of direct gradient analysis (CCA) showed the presence of
environmental filtering for bryophytes, as the annual temperature and the annual
precipitation were the environmental variables that grouped the coastal areas. The
high local rainfall in coastal areas (caused by orographic rains as mentioned)
generates high water availability, increasing the local humidity, a factor that tends
to be predominant for the establishment of bryophyte species characteristic of
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rainforests (Santos et al., 2014). Such abiotic variables influence the physiological
processes of bryophytes (Glime, 2007); thus, areas with similar climatic conditions
such as precipitation and temperature tend to share a large number of species of
bryophytes. Medina et al. (2014) demonstrated how the climate variability influences
the richness and abundance of assembly bryophytes epiphytes. According to these
authors, the interactions between the availability of water and the temperature have
the controlling effect of diversity of the group. Thus, low temperatures constrain the
capacity of sites with high precipitations to support more species; on the other hand,
the effect of summer drought is more severe in the localities that also have low
rainfall during springtime. The CCA showed that the distance of the ocean and the
altitude was the main factor that brought together the inland areas, showing a strong
correlation with the first canonical axis. The relationship between the distances of
the ocean reveals areas with a low influence of coastal elements, such as orographic
rainfall and low temperature (negative correlation with temperature annual) values
that contribute to the existence of an affinity between these areas. Also, the inland
areas PSC and SSJ include a large expanse of rocky fields and are influenced by
elements of the cerrado (Brazilian Savanna), soil, climate and vegetation type
(Giulietti et al., 1987; Oliveira-Filho & Machado, 1993; Alves & Kolbek, 2009),
promoting the relationship between areas.

The JBUF area also presented an intermediate position in the biplot diagram
of the CCA correlated with the first axis, having an influence on the distance of the
ocean and altitude. Moreover, as mentioned, the area is located in an urban centre
and suffers extensive human influence, which contributes to its intermediate position
in the analyses and their poor floristic affinity with the other assessed areas. Alvarenga
& Porto (2007) also reported an increase in species with large niches (general) in
fragmented habitats affected by anthropic actions in the fragmented Atlantic forest
in the northeast of Brazil.

Thus, through the presented study, we realized that the bryophytes are
highly sensitive to climatic differences of areas of south-eastern Brazil. Mota de
Oliveira et al. (2015) demonstrated that the phorophyte vertical gradient is the
determining factor for the composition of epiphytic bryophytes in the Amazon.
Here, we understand that the climatic differences created by altitude and distance
from the ocean (continentality) are responsible for bryofloristic composition in a
regional scale in Atlantic forest. Hence, the coexistence or not of bryophyte species
are determined by environmental filter caused by the characteristics of those habitats
(Kraft et al., 2015).

CONCLUSIONS

The study showed both proposed hypotheses were confirmed. Areas sharing
similar vegetation type exhibited higher bryoflorist similarity. Most of the evaluated
areas have low floristic affinity, suggesting that the distributions of species of
bryophytes are highly influenced by local filters, such as the climate. The mountain
ranges generate climatic conditions that interfere with the physiognomy of the
vegetation and substrate availability in influencing the distribution of bryophytes to
the areas considered here. The rainfall, temperature and distance from the ocean
were the variables that most influenced the distribution of bryophytes in the areas
analysed.
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