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Abstract Trentepohliales is one of the most diverse and
abundant algal group of the terrestrial microflora in tropical
regions; however, information about composition, richness
and distribution of these algae in Neotropical regions are
scarce. We described the flora and evaluated species rich-
ness and composition of Trentepohliales in four Brazilian
different phytophysiognomies and analyzed the influence
of environmental and spatial factors on species richness
and distribution. Specimens of Trentepohliales were gath-
ered from six natural areas in Brazil, and they were studied
according to their vegetative and reproductive morpho-
logical traits. We applied tests to evaluate the richness and
similarity in species composition in the different environ-
ments: rarefaction curves to compare richness; dendrogram
with Jaccard’s index to evaluate the similarity of species
composition; Mantel’s test to detect the influence of the
spatial geographic distance on the assemblages; and partial
linear regression to analyze the influence of the spatial and
environmental factors on species richness. Thirty-three
morphospecies were recorded; most of them in one loca-
tion and none was observed occurring in all sampled areas.
Rainforest areas showed the highest species richness and
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the species composition was variable among the areas.
Partial linear regression revealed that the spatial features
plus environmental features drove the Trentepohliales’
species richness gradient. The composition of species of
communities presented distance decay of similarity pattern,
since differences in composition of such assemblages were
positively related to the distance among the areas. In this
way, the dispersion jointly with the variation of the envi-
ronmental conditions may determine the Trentepohliales
species composition in each ecosystem.

Keywords Community structure - Distance decay pattern -
Green algae - Terrestrial algae

Introduction

Photosynthetic microorganisms living in terrestrial envi-
ronments consist of a set of heterogeneous organisms,
belonging to several evolutionary lineages (Rindi et al.
2009). Green algae and cyanobacteria are known as the
best succeeded algal groups inhabiting the terrestrial
environments, although other groups, as Heterokontophyta,
are also diverse (LOpez-Bautista et al. 2007). Trente-
pohlialeans are very common among the terrestrial green
algae and constitute one of the most diverse and abundant
algal group of the terrestrial microflora in tropical regions
(Lopez-Bautista et al. 2007).

Trentepohliales belongs to Ulvophyceae and comprises
one family, Trentepohliaceae, five (Cephaleuros, Phy-
copeltis, Stomatochroon, Trentepohlia and Printzina) or six
genera (including Physolinum) according to morphological
criteria and depending on the classification system chosen,
and about 100 species have been recognized (Guiry and
Guiry 2017). This algal group exhibits diverse forms,
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including branched filaments, pseudoparenchymatous and
reduced thallus (Chapman 1984; Ldpez-Bautista et al.
2002).

Despite trentepohlialeans can be found in a range of
environments, comprising tropical and temperate regions,
they have been usually referred to humid tropical forest
around the world, indicating that these regions may be a
more suitable environment to the development of the ter-
restrial algae (Lopez-Bautista et al. 2007). Records of
Trentepohliales can be found for almost all continents,
including Australia (Cribb 1958, 1963, 1970, 1989), Eur-
ope (Rindi and Guiry 2003; Rindi et al. 2003), Africa
(Rindi et al. 2006; Allali et al. 2013), Asia (Islam 1960;
Jose and Chowdary 1980; Panikkar and Sindhu 1993;
Neustupa and Sejnohova 2003; Neustupa 2005) and
America (Tracanna 1989; Rindi et al. 2005; Rindi and
Lépez-Bautista 2008; Rindi et al. 2008). In Brazil, infor-
mation on Trentepohliales diversity is compiled in only
three specific surveys, all of them carried out in Atlantic
forest areas from Sdo Paulo State (Akiyama 1971; Bicudo
and Santos 2001; Lemes-da-Silva et al. 2010). These sur-
veys presented a very diversified Trentepohliales flora, and
the expansion of the sampling is essential to enhance the
knowledge of this algal group diversity.

The patterns of geographic distribution and of the
communities’ richness of the Trentepohliales and the
greatest part of terrestrial algae are poorly understood in
world scale, mostly due to the lack of knowledge on their
biodiversity (Rindi et al. 2009). Tropical regions comprise
ecosystems, such as savannah and mixed forest, which are
underserved on the knowledge of Trentepohliales diversity.
Thus, while the richness of Trentepohliales in tropical
forests is remarkably high (Rindi and Lépez-Bautista 2008;
Rindi et al. 2008), information about this flora in different
ecosystems remains to be produced, as well as evaluations
on different aspects of species distribution.

Considering the poor knowledge of Trentepohliales in
Neotropical regions, the aims of this study were: (1) to
access the floristic biodiversity, species composition and
richness of Trentepohliales, covering different Brazilian
ecosystems; (2) to evaluate the influence of selected envi-
ronmental conditions on species occurrence and richness
distribution; and (3) to investigate the role of the space
(distance) on the similarity of floristic composition of
Trentepohliales among the localities.

Materials and methods
Study area — Samples of Trentepohliales were gathered
between 2009 and 2010, in six natural areas, including two

biomes, savanna and Atlantic forest, distributed in south-
eastern and Midwestern Brazil (Fig. 1, appendix 1 of
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Fig. 1 Map showing sampling locations for Trentepohliales. Brazil-
ian states (gray) where the sampling areas are located (black dots). (1
SMSP—Serra do Mar State Park; 2 INP—Itatiaia National Park; 3
CJR—Campos do Jordao Region; 4 SPFF—Sao Paulo forest
fragments; 5 SCNP—Serra da Canastra National Park; 6 CVNP—
Chapada dos Veadeiros National Park)

Electronic supplementary material): savannah, in the states
of Minas Gerais (Serra da Canastra National Park—SCNP)
and Goias (Chapada dos Veadeiros National Park—
CVNP); and Atlantic rainforest, comprising three ecosys-
tem types—(1) rainforest, in the states of Sdo Paulo (Serra
do Mar State Park—SMSP) and Rio de Janeiro (Itatiaia
National Park—INP); (2) mixed forest, in the state of Sdo
Paulo (Campos do Jorddo municipality and surrounding
region—CJR); and (3) seasonal semideciduous forest, in
the state of Sao Paulo (forest fragments spread throughout
northwestern region of the state—SPFF).

Savannah biome is the second largest biome in Brazil,
covering the central territory of the country, and is recog-
nized as the richest savannah of the world (Klink and
Machado 2005). It is characterized by predominantly dried
climate, outstanding seasonality and herbaceous, shrub and
tree formations (Ribeiro and Walter 1998). Atlantic forest
covers the littoral region along Brazilian coast (Barbosa
and Thomas 2002) and is composed by a set of forest
formations (ombrophilous rainforest, mixed forest,
semideciduous seasonal forest and deciduous seasonal
forest). Due to latitudinal, longitudinal, topography and
climate gradients, the Atlantic forest shows changes in
vegetation whereas it maintains a degree of homogeneity
(Barbosa and Thomas 2002). This study covered three
vegetation types in Atlantic forest: rainforest, mixed forest
and seasonal semideciduous forest. While rainforest areas
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exhibit a warm and wet climate without a dry season,
seasonal semideciduous forest presents high temperatures
but seasonal climate with a relatively severe dry season
(generally from April to September) (Morellato et al. 2000;
Oliveira Filho and Fontes 2000). The mixed forest or
Araucaria forest is characterized by the presence of the
Brazilian pine (Araucaria angustifolia Kunze), a gym-
nosperm, and it is distributed along the subtropical, dis-
playing a wet climate and low temperatures in the coldest
months (Lammel et al. 2007).

Sampling protocol — The sampling sites were determined
for the presence of Trentepohliales. The distinguishable
masses were randomly sought from all available substrates
(soil, rocks, barks and leaves) and the specimens were
taken with knives and stored in paper bags labeled with the
area name, substrate and data.

In the sampling sites, irradiance, substrate pH, temper-
ature and atmospheric humidity were measured in addition
to the altitudinal and geographic coordinate (GPS Garmin
E-trex Vista) data. Irradiance was measured (quantameter
Li-Cor with spherical sensor) close to the algal masses and
also in an opened area as near as possible to the sampled
mass. In this way, complementarily to the absolute values,
the irradiance was also evaluated by the proportion (%) of
that value measured close to the algal mass in relation to
the value of the opened area. Substrate pH was evaluated
by the dissolution of portions of the substrate in distillated/
deionized water and reading with pH indicator paper
(Merck®) (Strauss et al. 2012). Temperature and atmo-
spheric humidity values were taken using thermo-hy-
grometer (PeakTech 5090®) close to the algal mass.

The collected specimens were initially examined under
stereoscopic microscope (Olympus SZX7) and latter under
light microscope (Olympus BX50) coupled with an image
capture system (Olympus DP71). The morphological
identification was based on Printz (1939), Sarma (1986)
and Thompson and Wujek (1997).

Data analyses — Rarefaction curves were made to com-
pare Trentepohliales richness in each area using the species
richness per number of populations (Gotelli and Colwell
2001). The order of the samples in the curves was ran-
domized 1000 times, so that each point in the curve cor-
responded to the average of the accumulated richness in the
1000 curves with confidence interval of 95%. The rar-
efaction was obtained with EstimateS 8.2.0 software
(Colwell 2006).

The similarity of species composition among the areas
was evaluated by Jaccards index, which considers quali-
tative data (presence/absence). The cluster analysis was
performed by applying the algorithms unweight average
method (UPGMA), Ward’s method and single linkage

(Legendre and Legendre 1998). The value of the cophe-
netic correlation index (r) was calculated to each algo-
rithm, and a cophenetic correlation coefficient was
calculated to analyze the extent to which the resulting
dendrogram represents the original similarity matrix; this
aimed to select the better algorithm for this dataset, i.e., the
one that graphically keeps the greatest amount of the
information in the triangular matrix. Besides, the consis-
tence of each branch in the dendrogram was assessed by
bootstrap randomization, in which the matrix was ran-
domized 1000 times, using the software PAST, v. 3.0
(Hammer et al. 2001).

The influence of the spatial geographic distance among
the communities was evaluated through the Mantel matrix
correlation test, using similarity matrix based on commu-
nity composition data (Jaccard index) and the geographic
distance matrix. Pairwise distances (in km) among locali-
ties were calculated using the geographic coordinates of the
areas, adjusted by the earth curvature, as implemented in
the “rdist.earth” function in the fields package (Furrer et al.
2012) of software R v. 2.15.1 (R Development Core Team
2012).

Partial linear regression was used to partition the vari-
ation in species richness into spatial and environmental
components. This method allows to evaluate the influence
of pure environmental component, pure spatial and the
spatial structuring shared by the environmental data on
Trentepohliales species richness (Borcard et al. 1992). The
partial regression analysis was carried out with the soft-
ware SAM (Rangel et al. 2010). The environmental pre-
dictors of the richness distribution were altitude,
temperature, irradiance and air humidity, and the spatial
component was the positive eigenvector produced by
principal coordinates of neighbor matrices (PCNM). Due to
different measurement units among environmental vari-
ables, they were standardized using the Z statistics. Vari-
ance inflation factor (VIF) was implemented with variance
less than three to reduce the multicollinearity (Zuur et al.
2010).

Results

Floristic survey — Trentepohliales morphospecies were
distributed through the four genera: Cephaleuros (three
species), Phycopeltis (nine species), Printzina (one species)
and Trentepohlia (20 species) (Table 1).

*DL~! = diameter/length ratio !

Cephaleuros Kunze ex Fries
Cephaleuros cf. karstenii Schmidle (Fig. 2)
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Table 1 Presence (1) and
absence (0) of the
Trentepohliales morphospecies

in the sampled areas

Atlantic forest Savanna
SMSP INP CJR SPFF SCNP CVNP
Pseudoparenchymatous
Cephaleuros cf. karstenii Schmide 0 0 0 1 0 0
C. cf. parasiticus Karsten 0 0 0 0 1 1
Cephaleuros sp. 1 0 1 1 0 0
Phycopeltis amboinensis Printz* 1 1 0 0 0 0
P. arundinacea De Toni 1 1 1 1 1 0
P. epiphyton Millardet® 1 0 0 0 0 0
P. flabellata Thompson & Wujek® 1 0 0 0 0 0
P. pilosa Thompson & Wujek" 1 1 0 0 0 0
P. treubii Karsten® 0 1 0 0 0 0
P. vaga Thompson & Wujek® 1 1 0 0 0 0
Phycopeltis sp.1 1 1 0 0 0 0
Phycopeltis sp.2 1 0 0 0 0 0
Filamentous
Printzina lagenifera Thompson & Wujek® 0 1 0 0 0 0
Trentepohlia abietina Hansgirg 1 1 1 1 0 0
T. abietina var. tenue Cribb® 1 0 1 0 1 0
T. arborum Hariot 1 1 0 0 1 0
T. aurea Martius 0 1 1 1 1 0
T. cf. chapmanii Rindi & Lépez-Bautista® 1 0 0 0 0 0
T. depressa Hariot" 1 0 0 0 0 0
T. diffracta Hariot 1 0 0 0 0 0
T. dusenii Hariot 0 0 1 0 0 0
T. cf. iolithus Wallroth® 0 0 1 0 0 0
T. monilia De Wildemann 0 0 0 1 0 0
T. odorata Wittrock® 0 1 0 0 0 0
T. peruana Printz 1 0 0 0 0 0
T. cf. rigidula Hariot 0 0 0 0 1 0
T. umbrina Bornet® 0 0 0 0 1 0
Trentepohlia sp.1 1 1 1 1 1 0
Trentepohlia sp.2 1 0 0 0 0 0
Trentepohlia sp.3 0 1 0 0 0 0
Trentepohlia sp.4 0 1 0 0 0 0
Trentepohlia sp.5 1 0 0 1 0 0
Trentepohlia sp.6 0 1 0 0 0 0

SMSP Serra do Mar State Park, INP Itatiaia National Park, C/R Campos do Jordao Region, SPFF Sao
Paulo forest fragments, SCNP Serra da Canastra National Park and CVNP Chapada dos Veadeiros National

Park

2 New records to Brazil, ® New records to Brazil if identifications are confirmed

Thallus irregular, orange or green, subcuticular on tree
leaves; prostrate system formed by dichotomizing bran-
ches, cells elliptical or irregular; erect sterile filaments not
tapered in the apex, not branched, chloroplast parietal,
apical cell rounded, cell cylindrical, 14.4-23.2 pm diam.,
57.6-92.0 um long, D L' 3.3-5.8; sporangiate lateral
developed on top of erect filaments, in clusters of 5-10;

@ Springer

sporangia elliptical, 17.6-19.2 um diam., 24.0-25.4 pm
long, DL™' 1.2-1.4.

The specimens presented morphological features similar
to C. karstenii, mainly the thallus and the erect sterile fil-
aments; however, details of the cells of the prostrate system
could not be observed, due to the penetration of the cells
into the host leaf tissue.
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Figs. 2-16 2 Cephaleuros cf. karstenii; 3 C. cf. parasiticus; 4, 5 Cepahaleuros sp.; 6 Phycopeltis amboinensis; 7 P. arundinacea; 8 P.
epiphyton; 9 P. flabellata; 10 P. pilosa; 11, 12 P. treubii; 13, 14 P. vaga; 15 Phycopeltis sp.1; 16 Phycopeltis sp.2. Scale bars indicate 10 pm

Cephaleuros parasiticus Karsten (Fig. 3)

Thallus rounded, orange, subcuticular on tree leaves;
prostrate system irregular formed by dichotomizing bran-
ches, cells irregular; erect sterile filaments not tapered in
the apex, not branched, chloroplast parietal, apical cell

rounded, cell cylindrical, 12.0-15.2 pm  diam.,
36.0-64.0 pum long, D L' 2.4-4.7; sporangiate lateral
developed on top of erect filaments, in clusters of 2-5;
sporangia elliptical, 20.0-24.0 um long, 25.6-29.6 pm
long, DL™' 1.1-1.4.
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«Figs. 17-43 17 Printzina lagenifera; 18 Trentepohlia abietina; 19 T.
abietina var. tenue; 20, 21 T. arborum; 22 T. aurea; 23, 24 T. cf.
chapmanii; 25 T. depressa; 26 T. diffracta; 27, 28 T. dusenii; 29, 30
T. cf. iolithus; 31, 32 T. monilia; 33 T. odorata; 34 T. peruana; 35
T. cf. rigidula; 36 T. umbrina; 37 Trentepohlia sp.1; 38 Trentepohlia
sp.2; 39, 40 Trentepohlia sp.3; 41 Trentepohlia sp.4; 42 Trentepohlia
sp.5; 43 Trentepohlia sp.6. Scale bars indicate 10 pm

Cephaleuros sp. (Figs. 4, 5)

Thallus irregular, orange, subcuticular on tree leaves;
prostrate system irregular formed by irregular cells; erect
sterile filaments not tapered in the apex, not branched,
chloroplast parietal, apical cell rounded, cell cylindrical,
12.0-16.8 pm diam., 61.6-88.0 um long, RC L! 3.7-7.0;
sporangiate lateral develop on top of erect filaments, in
clusters of 3-8; sporangia elliptical, 16.8-22.4 pm diam.,
24.0-32.0 um long, D L™' 1.2-1.5.

Phycopeltis Millardet

Phycopeltis amboinensis (Karsten) Printz (Fig. 6)

Thallus ramulated, formed by dichotomizing branches;
marginal cells not lobed; cells cylindrical, 4.8-8.0 pm
diam., 17.6-21.6 pm long, D L™" 2.1-3.3; sterile filaments
and sporangiophores short, 5-12 cells, not branched, cells
cylindrical, 8.0-10.4 pm diam., 16.0-20.0 um long, D L™!
1.7-2.0; sporangia elliptical, 12.0-15.2 pm diam,,
16.0-20.0 um long, D L™" 1.3; gametangia not observed.

Phycopeltis arundinacea (Montagne) De Toni (Fig. 7)

Thallus discoid or irregular, formed by dichotomizing
branches; marginal cells lobed; central cells irregular,
4.0-4.8 pm diam., 8.0-12.0 yum long, D L~! 1.8-2.8; distal
cells cylindrical, 6.0-7.2 um diam., 12.0-19.2 um long,
DL !1.834; sporangia subspherical, 8.8-9.6 um diam.,
11.2-12.0 ym long, DL™" 1.2-1.3; gametangia not
observed.

Phycopeltis epiphyton Millardet (Fig. 8)

Thallus discoid, formed by dichotomizing branches;
marginal cells lobed; central cells irregular; distal cells
cylindrical, 4.8-8.8 um diam., 10.4-12.8 um long, D L™
1.7-2.5; sporangia subspherical, 14.4-16.0 pm diam.,
16.8-20 0 pum long; gametangia not observed.

Phycopeltis flabellata Thompson and Wujek (Fig. 9)

Thallus ramulate, formed by dichotomizing branches;
marginal cells lobed, 5.6-9.6 pm diam., 16.0-25.6 um
long, D L' 1.7-4.4; central cells cylindrical, 4.8-8.8 um
long, 8.0-16.0 um long, D L™ 1.2-2.0; sterile erect fila-
ments short, 4-5 cells, not branched, cells cylindrical,
3.2-6.4 pm diam., 4.8-10.4 pm long, DL™! 1.1-2.0;
gametangia globular, 9.6 diam; sporangia not observed.

Phycopeltis pilosa Thompson and Wujek (Fig. 10)

Thallus discoid, formed by dichotomizing branches;
marginal cells lobed, 4.8-8.0 um diam., 11.2-22.4 um
long, D L' 2.0-3.5; central cells cylindrical, 4.8-6.4 pm
diam., 8.0-14.4 pm long, D L~ 1.4-2.5; sterile erect fil-
aments long, tapered in the apex, not branched; sporangia
elliptical, 14.4 ym diam., 19.4 um long, D L' 1.3;
gametangia not observed.

Phycopeltis treubii Karsten (Figs. 11, 12)

Thallus discoid, formed by dichotomizing branches;
marginal cells lobed; marginal and central cells cylindrical,
8.0-11.2 um diam., 20.0-32.0 um long, D L! 2.1-3.0;
marginal cells with glandular papillae dorsally; sporangia
elliptical, 13.6-15.2 pm diam., 14.4-16.0 pm long, D L'
1.3; gametangia not observed.

Phycopeltis vaga Thompson and Wujek (Figs. 13, 14)

Thallus ramulate, formed by dichotomizing branches;
ramuli with 2-3 filaments rows; marginal cells lobed;
marginal and central cells cylindrical, 3.2-6.4 pm diam.,
6.4-13.6 um long, D L™" 1.5-3.3; gametangia elliptical,
12.0-16.8 pm diam., 1.6-25.6 pm long, D L' 1.2-1.5;
sporangia not observed.

Phycopeltis sp.1 (Fig. 15)

Thallus discoid or irregular, formed by dichotomizing
branches; yellowish patches in the center of disk; marginal
cells lobed; marginal and central cells cylindrical,
3.2-8.0 um diam., 8.8-13.6 pm long, D L' 1.3-3.4;
gametangia and sporangia not observed.

Phycopeltis sp.2 (Fig. 16)

Thallus discoid or irregular, formed by dichotomizing
branches; marginal cells not lobed; marginal and central
cells cylindrical, 5.0-8.0 pm diam., 12.0-20.0 long, D L'
1.5-3.4; gametangia and sporangia not observed.

Printzina Thompson and Wujek
Printzina lagenifera (Hildebrand) Thompson and Wujek
(Fig. 17)

Filaments forming orange mass; filaments short, 3—10
cells, not tapering in the apex, not branched; chloroplast
parietal; apical cell undifferentiated; cells moniliform or
cylindrical, 7.0-10.0 pm diam., 8.5-13.3 pm long, D L'
0.8-1.7; gametangia lateral or intercalary, globular with a
long neck bearing an ostiole, 13.0-17.6 um diam.,
16.0-21.3 um long, D L™" 1.1-1.3; sporangia not observed.

Trentepohlia Martius
Trentepohlia abietina (Flotow) Hansgirg (Fig. 18)

Filaments forming a cottony mass, orange; filaments
long, not tapered in the apex, branches abundant, usually in
90°, chloroplast parietal, apical cells rounded, cells
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cylindrical, 6.8-12.0 pm diam., 12.0-29.6 pm long, D L™!
1.5-3.2; gametangia single, lateral or apical, globular,
17.6-36.0 um diam., 13.6-36.0 pm long, D L' 0.8-1.1;
sporangia single, globular, 21.6 pm diam., 19.2 pm long,
DL 1L

Trentepohlia abietina (Flotow) Hansgirg var. tenue
(Zeller) Cribb (Fig. 19)

Filaments forming rounded patches, orange; thallus
differentiated in prostrate and erect systems; prostrate
system pseudoparenchymatous, cells elliptic, 7.2-9.6 um
diam., 7.2-11.2 pm long, D L™ 0.9-1.3; erect filaments
not tapering in the apex, rarely branched; apical cells conic
rounded with an apical cap, cells cylindrical to elliptic,
4.0-10.0 ym diam., 11.2-26.4 pm long, D L™' 1.5-4.3;
gametangia single, globular, lateral, 8.8—-11.2 um diam.,
8.8-11.2 um long, D L™" 1.0; sporangia not observed.

Trentepohlia arborum (Agardh) Hariot (Figs. 20, 21)

Filaments forming a cottony mass, orange or green;
filaments long, not tapering in the apex, branches in 90°;
chloroplast discoid; apical cell rounded to pointed; cells
cylindrical, 12.8-21.6 um diam., 32.0-67.2 ym, D L™
2.3-3.5; gametangia single, lateral, rounded, 25.6-47.2 pm
diam., 25.6-47.2 ym long, D L™' 0.9-1.3; sporangia in
clusters of 2-5, elliptic, 17.6-28.0 um diam.,
20.8-35.6 um long.

Trentepohlia aurea (Linnaeus) Martius (Fig. 22)

Filaments forming a cottony mass, orange or green;
filaments long, not tapered in the apex, branches in 90° or
less; lateral branches with cylindrical or barrel-shaped
cells; chloroplast parietal; apical cells rounded; cells
cylindrical, 14.4-27.2 ym diam., 28.0-52.0 pum long,
DL '1.7-28:; gametangia single or in cluster of 2, lateral,
globular, 28.0-37.4 um diam., 24.0-32.0 pm long, D L~}
0.8-1.0; sporangia single or in clusters of 2-5, elliptic,
17.6-28.0 pum diam., 20.8-35.6 pm long, D L' 0.9-1.5.

Trentepohlia cf. chapmanii Rindi and Loépez-Bautista
(Figs. 23, 24)

Filaments forming a mat, yellow; thallus differentiated
in prostrate and erect systems; prostrate system pseudo-
parenchymatous, cells irregular, 8.0-11.0 pm diam.,
8.0-16.8 pum long; erect filaments long, not tapered in the
apex, rarely branched; apical cells pointed; cells cylindrical
or elliptic, 4.0-7.2 pm diam., 8.8-15.2 um long, D L™!
1.8-3 0; gametangia lateral or apical, oval, 12.0-17.0 um
diam., 14.4-21.6 um long, D L' 1.0-1.7; sporangia not
observed.

The population presented morphology correspondent to
T. chapmanii; however, it possess erect filaments longer
than that described by Rindi and Lopez-Bautista (2007).

@ Springer

Trentepohlia depressa (Miiller Arg.) Hariot (Fig. 25)

Filaments forming rounded patches, orange; thallus
differentiated in prostrate and erect systems; prostrate
system  pseudoparenchymatous, cells  cylindrical,
5.0-6.0 pm diam., 12.0-17.0 pm long, D L™' 2.5-3.0;
erect filaments long, not tapered in the apex, not branched,
apical cell pointed, cells cylindrical, 2.4—4.0 um diam.,
8.0-14.4 um long, D L™' 2.6-4.0; gametangia born in the
base of the erect filament, single, elliptic, 11.2-13.6 um
diam., 16.0-21.6 um long, D L' 1.2-1.9; sporangia not
observed.

Trentepohlia diffracta (Krempelhiiber) Hariot (Fig. 26)

Filaments forming crustose mass, orange; filaments
long, not tapered in the apex, branches short, 1-3 cells,
chloroplast parietal, apical cells rounded, cells cylindrical
or elliptic, 20.8-26.7 um diam., 26.1-38.9 pm long, D L!
1.4-3.0; gametangia single, apical, globular, 30.2-45.3 pm
diam., 33.1-53.30 um long, D L' 0.9-1.1; sporangia not
observed.

Trentepohlia dusenii Hariot (Figs. 27, 28)

Filaments forming cottony mass, green; filaments long,
not tapered in the apex, chloroplast parietal, apical cell
rounded, cells cylindrical, 7.2-12.8 pm  diam.,
13.6-28.0 um long, D L™' 1.4-3.0; gametangia single,
lateral, globular, 13.6 pm diam., 16.0 um long, D Lt 1.2;
sporangia single, globular, 16.0-20.0 um diam.

Trentepohlia cf. iolithus (Linnaeus) Wallroth (Figs. 29,
30)

Filaments forming a crustose mass, yellowish; filaments
long, not tapered in the apex, not branched, chloroplast
parietal, apical cell elliptical, cells elliptical, 6.0-20.0 pm
diam., 32.0-40.0 pm long, D L~'1.7-3.6; gametangia and
sporangia not observed.

The population presented vegetative features similar to
T. iolithus (Printz 1939); however, for correct identification
of this species, it is necessary the presence of reproductive
structures.

Trentepohlia monilia De Wildemann (Figs. 31, 32)

Filaments forming a cottony mass, green; filaments
shorts, 7-10 cells, not tapered in the apex, chloroplast
discoid, apical cells moniliform, cells moniliform,
17.6-26.4 pm diam., 21.6-36.0 um long, D L' 1.1-1.7;
sporangia and gametangia not observed.

Trentepohlia odorata (Wiggers) Wittrock (Fig. 33)

Filaments forming a crustose mass, orange; filaments
long, not tapered in the apex, chloroplast parietal, apical
cells cylindrical or elliptic, cells cylindrical or elliptic,
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10.4-16.0 um diam., 12.0-20.8 pum long, D L™' 1.0-1.8;
gametangia single, lateral, globular, 30.2-45.3 um diam.,
33.1-533 um long, DL™' 0.9-1.1; sporangia not
observed.

Trentepohlia peruana (Kiitzing) Printz (Fig. 34)

Filaments forming patches, orange; filaments short, not
tapered in the apex, rarely or not branched, apical cells
elliptic, cells elliptic, 6.4-12.0 um diam., 8.8-26.4 pm
long, D L~!' 1.3-2.0; unicell hairs, hyaline born in the
middle of the cell; gametangia single, apical or intercalary,
elliptical, 13.6-16.0 pm diam., 12.8-16.0 pm long, D L™*
0.85-1.1; sporangia not observed.

Trentepohlia cf. rigidula (J. Miiller) Hariot (Fig. 35)

Filaments forming crustose mass, orange; filaments long,
not tapered in the apex, rarely branched, chloroplast parietal,
apical cell rounded, cell wall ornamented, cells elliptic,
6.4-10.4 pm diam., 13.6-16.0 pm long, D L™' 1.5-2.6;
gametangia single, lateral, globular, 12.0-15.2 um diam.,
13.6-18.4 pumlong, RC L' 1.0-1.3; sporangia not observed.

Although these specimens had presented the greatest
part of morphological features correspondent to 7. rigidula,
they showed smaller cells than the descriptions found in the
literature.

Trentepohlia umbrina (Kiitzing) Bornet (Fig. 36)

Filaments forming a crustose mass, orange or reddish;
filaments short, until five cells, not tapered in the apex,
rarely branched, chloroplast parietal, apical cells rounded
or elliptical, cells rounded or elliptical, 9.6-20.0 pm diam.,
14.4-21.6 um long, D L™' 0.8-1.8; sporangia single,
globular, 20.0 pm diam.; gametangia not observed.

Trentepohlia sp.1 (Fig. 37)

Filaments forming a cottony mass, brownish; filaments
long, not tapered in the apex, branches in 90°, chloroplast
discoid, apical cell rounded, cell wall colored, thick, cells

cylindrical, 12.8-15.2 um diam., 20.8-31.2 pm long, D L™!
1.7-2.0; gametangia single, globular, 16.0-20.8 um diam.,
13.6-21.6 pm long, D L' 0.8—1.1; sporangia not observed.

Trentepohlia sp.2 (Fig. 38)

Filaments forming patches, orange; thallus differentiated
in prostrate and erect systems; prostrate system pseudo-
parenchymatous, cells rounded, 8.8-15.2 um diam.,
8.8-14.4 pym long, D L! 0.9-1.1; erect filaments short,
3-5 cells, not tapered in the apex, not branched, chloroplast
parietal, apical cell rounded, cells cylindrical, 2.4—4.0 pm
diam., 10.4-25.6 pm long, D L™ 3.2-7.2; gametangia and
sporangia not observed.

Trentepohlia sp.3 (Figs. 39, 40)

Filaments forming a mat, yellow; thallus differentiated
in prostrate and erect systems; prostrate system pseudo-
parenchymatous, cells irregular; erect system formed by
filaments tapered in the apex, with few branches, chloro-
plast parietal, apical cell pointed, cells cylindrical,
4.0-12.0 ym diam., 17.6-52.0 pm long, D L' 1.9-8.1;

sporangia globular or oval, 12.0-20.0 pm diam.,
12.0-24.0 ym long, DL~ 1.0-1.3; gametangia not
observed.

Trentepohlia sp.4 (Fig. 41)

Filaments forming a cottony mass, green; thallus differ-
entiated in prostrate and erect systems; prostrate system
pseudoparenchymatous, cells rounded or irregular; erect
system formed by filaments tapering in the apex, very
branched, chloroplast parietal, apical cell rounded or poin-
ted; cells cylindrical, 12.0-19.2 pym diam., 28.8-57.6 um
long, D L™" 1.8-3.3; sporangia single or in cluster of 235,
globular, 13.6-22.4 um diam.; gametangia not observed.

Trentepohlia sp.5 (Fig. 42)

Filaments forming a cottony mass, orange; thallus dif-
ferentiated in prostrate and erect systems; prostrate system

Table 2 Species richness and

environmental conditions of the 5 Alt (m) Temp AH rrad

studied areas SMSP 20 (60.6%) 396.1 24.0 (1.3) 91.2 (26.6) 71.4 (1273.5)
INP 16 (48.5%) 1418.8 18.6 (11.5) 63.5 (99.5) 37.3 (900.7)
CJR 9 (27.3%) 1620.7 19.8 (24.5) 56.4 (67.1) 43.1 (1457.8)
SPFF 8 (24.2%) 501.2 25.1 (29.7) 66.6 (109.5) 51.1 (706.7)
SCNP 7 (21.2%) 1127.9 26.1 (22.5) 59.2 (126.2) 80.9 (901.3)
CVNP 1 (3.0%) 9134 28.6 (43.4) 57.9 (214.9) 100.0 (0)

S number of morphospecies (=richness; percentage in relation to the total number of morphospecies
recorded in all areas—33—in parenthesis), Alt altitude average (meters above sea level) of the localities
sampled in each area, Temp temperature average (variance in parenthesis), AH air humidity average
(variance in parenthesis), Irrad irradiance average (variance in parenthesis). SMSP Serra do Mar State Park,
INP ltatiaia National Park, CJR Campos do Jordao Region, SPFF Sao Paulo forest fragments, SCNP Serra
da Canastra National Park and CVNP Chapada dos Veadeiros National Park

@ Springer



892

N. M. Lemes-da-Silva et al.

Fig. 44 Rarefaction curves of
the sampled areas in black and 27
standard deviation in gray
(SMSP—Serra do Mar State
Park, INP—Itatiaia National
Park, CJR—Campos do Jordao
Region, SPFF—Sio Paulo
forest fragments, SCNP—Serra
da Canastra National Park and
CVNP—Chapada dos
Veadeiros National Park)

Species richness

- SMSP
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Fig. 45 Cluster analysis of the floristic composition of Trentepoh-
liales using Jaccard’s index and UPGMA algorithm (SMSP—Serra do
Mar State Park, INP—Itatiaia National Park, CJR—Campos do
Jordao Region, SPFF—Sao Paulo forest fragments, SCNP—Serra da
Canastra National Park and CVNP—Chapada dos Veadeiros National
Park). A, B Clusters formed by the most similar areas in species
composition. The value of the cophenetic correlation coefficient
(r) was 0.96

Environmental
23% 2%

Spatial

Fig. 46 Partial linear regression of the variation in trentepohlialean
species richness into spatial and environmental components

pseudoparenchymatous, cells irregular; erect system

formed by long filaments, not tapering in the apex, very
branched, chloroplast parietal, apical cell rounded, cells
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moniliform, cylindrical or irregular, 6.4-8.8 um diam.,
8.0-16.0 um long, DL! 1.2-25; gametangia lateral,
globular, 15.2-17.6 um diam., 16.0 um long; sporangia not
observed.

Trentepohlia sp.6 (Fig. 43)

Filaments forming mat, yellow or green; thallus differ-
entiated in prostrate and erect systems; prostrate system
pseudoparenchymatous, cells rounded or irregular,
2.0-12.0 pm diam., 8.0-15.2 pm long, D L™' 1.0-2.1;
erect system formed by short filaments, 3-5 cells, not
tapering in the apex, not branched; apical cell irregular,
cells cylindrical, 64.8-7.2 um diam., 11.2-23.2 um long,
D L' 2.0-5.0; gametangia and sporangia not observed.

Species composition — Thirty-three morphospecies of
Trentepohliales were found considering all localities stud-
ied (Table 1), being eleven considered new records to
Brazil. Seventeen taxa (51.5%) were found in just one
location and the most frequent morphospecies was Tren-
tepohlia sp.1, being recorded in five of the six sampled
areas and none morphospecies occurred in all areas.
Regarding the morphology, 21 morphospecies were fila-
mentous (Figs. 2-16): one species of Printzina and twenty
species of Trentepohlia; and twelve taxa were pseudo-
parenchymatous (Figs. 17-43): three Cephaleuros and nine
Phycopeltis species with eight new taxonomic records to
Brazil (Table 1). Some taxa presented morphologically
distinct from the already described species (Cephaleuros
sp.1, Phycopeltis sp.1, Phycopeltis sp.2, Trentepohlia sp.1,
Trentepohlia sp.2, Trentepohlia sp.3, Trentepohlia sp.4,
Trentepohlia sp.5 and Trentepohlia sp.6), and probably
constitute new species of Trentepohliales.

Rainforest regions showed the highest species richness
(26 species), while savanna (eight species in both areas)
and seasonal semideciduous forest (eight species) had low
species richness. SMSP was the richest species area, with



Floristic diversity, richness and distribution of Trentepohliales (Chlorophyta) in... 893

Trentepohlia sp.6 (01) -
Trentepohlia sp.5 (06) (a)
Trentepohlia sp.4 (01) -
Trentepohlia sp.3 (01) .
Trentepohlia sp.2 (02) .
Trentepohlia sp.1 (15)
T. umbrina (08)| ——
T. rigidula (06) rou
T. peruana (06) -
T. odorata (06)
T. monilia (01)| .
T. f. ioluthus (01) .
7. dusenii (01) .
T. diffracta (02)| ——
T. depressa (01) .
T. cf. chapmanii (01) .

T. abietina var tenue (12)|

T. abietina (08)
P. lagenifera (04) .
Phycopeltis sp.2 (01) .
Phycopeltis sp.1 (06) —_—
P. cf. vaga (03) —_—
P treubii (01) .
P pilosa (02) .
P cf. flabellata (02) .
P. epiphyton (02) .
P. arundinacea (21) —_—

P. amboinensis (03)
Cephaleuros sp.1 (10)
C cf. parasitious (21)
C cf. Karstenii (02) ot

B 10 15 20 25 30 35 40 45
Temperature (°C)

Trentepohlia sp.6 (01)
Trentepohlia sp.5 (06)
Trentepohlia sp.4 (01)
Trentepohlia sp.3 (01)
Trentepohlia sp.2 (02)
Trentepohlia sp.1 (15)

T. umbrina (08)

T. rigidula (06)

7. peruana (06)

T. odorata (08)

T. monilia (01)

T. . ioluthus (01)

T. dusenii (01),

T. diffracta (02)

T. depressa (01)

T. of. chapmanii (01)
T. aurea (39),

T. arborum (34

T. abietina var tenue (12)
7. abietina (08)

P. lagenifera (04)
Phycopeltis sp.2 (01)|
Phycopeltis sp.1 (06)
P. cf. vaga (03)

P, treubii (01)

P, pilosa (02)

P, cf. flabellata (02)
P, epiphyton (02)

P, arundinacea (21)
P. amboinensis (03)
Cephaleuros sp.1 (10)
C of. parasiticus (21)
C cf. Karstenii (02)

25 3.0 35 4.0 4.5 S0 EX) 8.0 8.5 7.0 7.5

(b)

pH
Trentepohlia sp.6 (01 . ( ) : (d)
Trenlezohlia sgAS 106; —_— Trentepohlia sp.6 (01) °
Trentepohlia sp.4 (01) . Tren{epohlr_a sp.5 (06) F'S
Trentepohlia sp.3 (01) ) Trentepohlia sp.4 (01) *
Trentepohlia sp.2 (02) e Trentepohlia sp.3 (01) ~—
sp.1(15) .. ia sp.2 (02) .
T. umbrina (08) sp.1(15) -
T. rigidula (06) N T. umbrina (08) —_— e
T. peruana (06) N T. rigidula (06) -
T. odorata (06) v N T. peruana (06) °
T. monilia (01) Py T. odorata (06) —_—
T. of. ioluthus (01) . T. monilia (01) °
T. dusenii (01) Y T. of. ioluthus (01) *
T. diffracta (02) - T. dusenii (01) -
T. depressa (01) . TT.ddiffracta ((312; —_——
i Iy . depressa .
Tt Ch;” ;"j;’; gég . T. cf. chapmanii (01) -
T. arborum (34) T. aurea (39)
T, abietina var tenue (12) . T arborum (34) .
T. abietina (08) . T. abietina var tenue (12) .
P. lagenifera (04) ) T. abietina (08)
Phycopettis sp.2 (01) . P. lagenifera (04) .
Phycopeltis sp.1 (06) —_— Phycopeltis sp.2 (01) e
P cf. vaga (03) * Phycopeltis sp.1 (06) -
P, treubii (01) . P cf. vaga (03)
P, pilosa (02) . P treubii (01) °
P. cf. flabellata (02) 3 et ”F’-bpf;fs'a Egg [} .
P, epiphyton (02| . > of. flabellata
P. an?:fc/f’i’n;/cgg ((2 1)) P. eplghyton (02) °
P. amboinensis (03) P arundinacea (21)
Ce p.1(10) P. amboinensis (03) —_— .
C cf. parasiticus (21) Cephaleuros sp.1 (10) ..
C cf. Karstenii (02) —— Cef. s (21)
o 2 p 0 20 100 C cf. Karstenii (02) ot
30 40 S0 60 70 80 20 100

Irradiance (%)

Humidity (%)

Fig. 47 Range of occurrence values of the trentepohlialean species found according to the environmental variables evaluated. a Temperature;
b substrate pH; c irradiance; d humidity (In parenthesis = the number of populations of each species, black dots = average, bars = minimum

and maximum values)

20 morphospecies (60.6% of the total recorded in all the
areas), followed by INP, CJR, SPFF and SCNP, with seven
morphospecies, and CVNP, with only one morphospecies
(Table 2). The rarefaction curve showed that the highest
Trentepohliales species richness was found in the rainforest
areas, with highest species richness housed in the SMSP
followed by INP (Fig. 44). Similar values of species rich-
ness were found in the other localities (SCNP, SPFF and
CJR). Also from the rarefaction curve it is high probability
that more Trentepohliales species are recorded in rainforest
areas, since the curve did not reach the asymptote.

The dendrogram based on floristic composition reveals
the clear separation of CVNP from the other areas, whereas
the remaining localities composed two clusters (Fig. 45).
CJR and SPFF grouped as the most similar areas among all
sampled areas (around 45% of similarity; Fig. 45, cluster
A), with the savanna SCNP positioned close to these areas,
but with lower similarity. Rainforest areas (SMSP and INP)
grouped (Fig. 45, cluster B) with about 30% of the floristic
similarity.

The result of Mantel test indicated that the differences in
communities’ composition were positively related to the
distance among the areas, (r = 0.74; P = 0.05). The
greater the geographical distance between the areas, the
greater the difference in the composition of the commu-
nities, thereby presenting distance decay similarity pattern.

Influence of the environmental variables on the species
distribution — Trentepohliales were found growing under
diversified environmental conditions (Table 2), however,
neither environmental nor spatial factors explained the
richness variation (rag; = 0.66; F = 2.657; P = 0.07;
Fig. 46). Nevertheless, it is noteworthy that the spatially
structured environmental variation accounts for the greatest
fraction (55%) of variation in species richness.

Rainforest regions presented milder temperatures com-
pared to savanna regions and seasonal semideciduous for-
est (Table 2). In general, the temperature of the localities
sampled ranged between 15 and 30 °C, while some species
were recorded in more extreme conditions (populations of
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the C. cf. parasiticus were observed growing in 40 °C and
T. odorata in areas with temperatures reaching 6 °C)
(Fig. 47a).

The distribution of the species varied in relation to the
substrate pH, being that the morphospecies occurred in
substrates with pH ranging from 3.0 to 7.0, and the
majority of the species was found growing in acidic sub-
strate (5.0; Fig. 47b).

The species displayed different distribution between
shaded and exposed areas (Fig. 47c). While most Trente-
pohlia species (filamentous) occurred in exposed areas
(above 50% irradiance), most of the Phycopeltis species
(pseudoparenchymatous) occurred only inside the forest,
under the canopy, with low values of irradiance. Among
the Phycopeltis species, only P. arundinacea had occurred
also in exposed environments.

Most of the species (87.9%) was observed in environ-
ments with humidity above 50%, whereas some species, as
T. abietina, T. aurea and T. odorada, were also found
above 40% humidity. Cephaleuros cf. parasiticus was the
unique species recorded in environments with air humidity
below 40% (Fig. 47d).

Discussion

This study revealed a rich flora of Trentepohliales (33
morphospecies) in the studied areas, which can be con-
sidered similar to other tropical regions (e.g., 28 taxa were
recorded in rainforest from French Guiana by Rindi and
Lopez-Bautista 2008, and 24, in rainforest from Panama by
Rindi et al. 2008). Although the present study had been
carried out in different vegetation formations from differ-
ent geographic Brazilian regions, most of the Trente-
pohliales diversity was recorded in rainforest areas,
reaffirming the great potential of these regions to harbor
terrestrial algal communities, of which Trentepohliales
representatives compose a large portion of that diversity
(Lopez-Bautista et al. 2007).

Considering the vegetation formations sampled, rain-
forest regions showed the highest species richness, while
savanna and seasonal semideciduous forest regions pre-
sented low species richness. The results of partial linear
regression revealed that the spatial features (geographical
distances among the areas) jointly with environmental
features (climatic conditions) drove the Trentepohliales’
species richness gradient. Indeed, the rainforest areas
sampled are geographically close to each other, presenting
similar climatic conditions, which enable these localities to
host a similar species richness, although their species
composition presented differences.

Light intensity and atmospheric humidity have been
assigned as the most important factors influencing growth
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and development of the terrestrial algae (Fritsch 1907;
Islam 1960). In the present study, the greatest richness of
Trentepohliales was observed inside of rainforest areas,
which are characterized by low light and high humidity.
However, exposed areas apparently offer more suit-
able conditions to the growth in abundance of some
Trentepohlia species. Neustupa and Skaloud (2008) found
that light was the most important factor to the richness and
composition of the corticolous algae and cyanobacteria in
mountainous regions of Indonesia and Trentepohliales was
found growing on trunks, specially, in exposed microhab-
itats. Given the ecosystems sampled, filamentous Trente-
pohliales (Trentepohlia and Printzina) were poorly
recorded inside the forest areas with dense canopy cover,
whereas Phycopeltis was greatly observed in such shaded
areas, growing on leaves. The occurrence of the Phy-
copeltis in shaded and wet environments was observed by
Rindi and Loépez-Bautista (2008) in rainforest areas of
French Guiana. Most filamentous morphotypes were found
mostly in exposed areas, which probably represents irra-
diance-tolerant organisms. Cephaleuros cf. parasiticus was
frequent in savanna regions (areas characterized by low
humidity and high temperatures), which may be related to
the microhabitat that this species occurs, since it usually
inhabits endophytic microhabitats (Thompson and Wujek
1997), which promote more protected spaces and reduce
the water loss to the environment.

Trentepohliales occurrence exhibited differences
according to the temperature and pH variance. Most pop-
ulations were recorded between 16 and 32 °C, with few
species occurring in the extremes 6 or 40 °C. Neustupa and
Skaloud (2013) observed that the abundance of Trente-
pohliales was positively related to warmer and/or more
humid climatic conditions. In relation to pH, it was firstly
noticed by the cited authors that Trentepohliales distribu-
tion in temperate regions of Europe was most strongly
affected by the pH of the bark and their abundance
increased in high pH values of the barks. In the present
study, however, the pH of the diverse substrates occupied
by the Trentepohliales presented always acid or neutral
values (3-7), showing that Trentepohliales may respond
differently to the environmental factors in temperate and
tropical regions.

The species composition of Trentepohliales of the areas
studied revealed a distance decay of similarity pattern
(Nekola and White 1999). In the present study, the rise of
the dissimilarity in species composition followed the
increase in the distance among the areas. The pattern of
distance decay of similarity has already been recorded for
several taxa (Soininen et al. 2007), including diatoms
(Wetzel et al. 2012) and plants (Nekola and White 1999),
but this result represents the first record of this pattern for
terrestrial algae. The dispersal limitation is considered one
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of the main mechanisms that can generate this pattern
(Nekola and White 1999; Wetzel et al. 2012). Trente-
pohliales may easily be disseminated by wind, rain and
insects, and their zooporangia require wet environments to
release the water-dependent zoospores (Thompson and
Wujek 1997). Although dispersion should not represent a
barrier for some trentepohlialeans considering that there is
a reasonable number of cosmopolitan species, the
increasing of distance appears to be important to the
changes in species composition, probably due to the
specific requirements of each species, the dispersal limi-
tation for some species, or both occurring jointly. In gen-
eral, the composition of Trentepohliales was greatly
divergent among different sampled areas, wherein the
majority of the species (51.5% of the species) revealed a
restrict distribution, occurring in only one vegetation
formation.

In synthesis, Atlantic rainforest areas tend to present
higher Trentepohliales species richness than savanna,
probably due to irradiance levels and humidity conditions.
Beside the richness, the species composition of the tren-
tepohlialean assemblages also displayed differences among
the areas due to the restrict occurrence of most species,
resulting in distance decay pattern and suggesting that there
are species-specific requirements determining their com-
position. Trentepohliales diversity in warm and wet regions
was already target of previous studies (e.g., Rindi and
Lépez-Bautista 2008), but the present one was the broadest
carried out in Neotropical region, since it encompasses
different geographical regions with a wide environmental
variation and ecosystem types, contributing to the under-
standing of the diversity and distribution pattern of this
algal group across ecosystems of a Neotropical region.
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