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Abstract (Bryoflora of the Itatiaia National Park along an elevational gradient: diversity

and conservation). Itatiaia National Park harbors a unique bryoflora due to presence of

different forest formations and well-defined climatic and vegetation bands: Montane

Forest, Upper Montane Forest, and High-Altitude Fields (Campos de Altitude). Analysis of

bryophyte diversity was undertaken to elucidate the richness and floristic composition of

the different Atlantic Forest formations and to investigate the influence of elevation gra-

dients on the bryoflora. Data from literature, herbarium samples, and data banks of the

state’s flora were consulted. Ten representative elevations were examined. The bryophyte

diversity was high, comprising 519 taxa in 213 genera and 81 families (57 % of the total

bryophyte flora known to Rio de Janeiro State, and 34 % of the Brazilian bryoflora).

Bryoflora distribution was not uniform, showing differences in both species richness and

floristic composition along an elevation gradient. The Montane Forest had the highest

species richness (296), and numbers of exclusive taxa (172) and the Upper Montane Forest

had more endemics species (47), which could be explained by its diversity of climatic,

edaphic, and physiographic parameters. The 15 families with 59 % of the total number of

species are also among the most species-rich families found in tropical America inven-

tories. The species richness of mosses and liverworts reached their peaks at the mid-
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altitudinal range (2100–2200 m). The numbers of threatened species increased along the

elevation gradient. These results emphasize the importance of the Atlantic Forest in

southeastern Brazil to the conservation of bryophyte diversity, as well as the need to give

priority to the protection of Upper Montane Forests and High-Altitude Fields.

Keywords Species richness � Endemism � Elevation gradient � Tropical rainforest �
Southeastern Brazil � Itatiaia National Park

Introduction

Tropical rainforests harbor the richest bryofloras in the world due to their structural com-

plexities and the diversities of their microhabitats (Pócs 1982; Gradstein 1995). The Atlantic

Forest extends further inland in the southeastern region of Brazil, where the mountains can

reach 2787 m in Itatiaia (Rio de Janeiro State) and 2890 m on the Pico da Bandeira (Minas

Gerais State). The original vegetation of this region was tropical rainforest, with small

enclaves ofAraucaria forest at higher altitudes and shrubby vegetation covering lower inland

areas. The soils associated with the eastern Atlantic Forest are principally yellowish-red

latosols with clayey textures. They occur on half of the Orange Mountains as well as in the

watersheds of the principal hydrographic basins. Yellowish-red clayey podzols occur along

the valleys in areas with more pronounced dry seasons (Fundação SOSMata Atlântica 2002;

Leitão-Filho 1993). The Atlantic Forest is the most important ecosystem in Rio de Janeiro

State, with its remnants covering 19 % of the total area of that state (Fundação SOS Mata

Atlântica 2002)—and although exposed to severe anthropogenic pressures, the forest still

maintains considerable bryophyte richness (Gradstein and Costa 2003; Costa et al. 2011;

Costa and Lima 2005; Santos 2008; Santos and Costa 2010a; Costa 2013).

Bryophytes (hornworts, liverworts, and mosses) are sensitive to environmental changes

(due to their poikilohydric nature) and can be used as bioindicators of local environmental and

microclimatic conditions (Vanderpoorten andGoffinet 2009). Bryophyte diversity in tropical

rainforests varies considerably with elevation, in terms of both its structure and floristic

composition, with different taxa being characteristic of different elevation belts (Ah-Peng

et al. 2012; Chantanorrapint 2010; Frahm and Gradstein 1991; Gradstein 1995; Gradstein

et al. 2001; Grau et al. 2007; Gyrtnes et al. 2006; Pócs 1994;Wolf 1993). Climatic variations,

the types of substrates available, and latitude, whoever, can alter the elevation limits of these

belts in different regions (Frahm and Gradstein 1991; Gradstein et al. 2001), and the low

elevational occurrences of montane species in southeastern Brazil accompany the general

lowering of the altitudinal belts of the rain forests in southeastern Brazil (Gradstein andCosta

2003).

Four previous studies have focused on the elevational zonation of bryophytes in south-

eastern Atlantic Forest areas of Brazil: Visnadi (1998)—in the Serra doMar State Park in São

Paulo state; Costa and Lima (2005)—with the mosses in Rio de Janeiro State; Santos and

Costa (2010a)—analyzing the phytogeographic patterns of liverworts in Rio de Janeiro State;

and Santos and Costa (2010b)—analyzing the elevational zonation of liverworts in Rio de

Janeiro State. All of these studies focused on primary rain forest in southeastern Brazil like

our study, examining elevational zonation as a contribution to the knowledge of bryophyte

distributions in tropical forests and demonstrating that these plants respond to elevational

gradient in terms of species richness, floristic composition, and phytogeographical patterns.
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The Itatiaia National Park (INP), located in Rio de Janeiro State, is the most important

bryoflora conservation area in Brazil, with high levels of diversity, endemism, and

threatened species (Costa et al. 2005a, b; Costa and Lima 2005; Costa and Faria 2008;

Costa and Santos 2009; Santos and Costa 2010a). The high peaks and open High-Altitude

Fields (Campos de Altitude) formations of the INP likewise harbor the largest number of

examples of Andean or temperate taxa disjunctions (Costa et al. 2003; Santos and Costa

2010a). Costa and Santos (2009) analyzed liverwort conservation in Rio de Janeiro State

and found that 68 % of threatened species occurred in INP, with 38 species being found

exclusively in that reserve. Despite the importance of the INP, information concerning its

bryoflora is scattered among various floristic surveys and regional diagnostic treatments,

and herbarium samples are distributed around the world.

Itatiaiameans ‘‘many-pointed-rock’’ in theAmerindian Tupi dialect. The parkwas created

by Federal Decree N8 1713 on June 14, 1937 IBDF (1982) to preserve part of the biological

heritage of the Serra daMantiqueira. The park is located in southeastern Brazil and covers an

area of approximately 30,000 hectares (22�190–22�450S and 44�450–44�500W) between

southwest Rio de Janeiro (the municipalities of Resende and Itatiaia) and southern Minas

Gerais State (near the towns of Alagoa, Bocaina, and Itamonte). The following types of rocks

are found there: gneiss, nepheline, syenite-foidite, quartz syenite, alkaline granite, brecha

magma, sediments, and sediment alluvial colluviums (FBDS 2000). The land originally

belonged to Irineu Evangelista de Souza, the Visconde de Mauá, but was acquired by the

‘‘Fazenda Federal’’ in 1908 to establish two colonial settlements. A Biological Station was

constructed in 1929 and administered by the Rio de Janeiro Botanical Garden. The idea of the

area becoming a national park originated with the botanist Alberto Loefgren in 1913, and the

INP was finally created in 1937—the first National Park in Brazil.

Müller (1898) was the first to study the bryophytes of Itatiaia, publishing the ‘‘Bryologia

Serra Itatiaiae’’ that described 154 species of mosses, of which 115 species and one genus

were new to science. Dusén published ‘‘Sur la Flore de la Serra do Itatiaya’’ in 1903, in

which Stephani considered the hepatics, citing 58 species (of which four were new to

science). Warnstorf’s (1911) treatment of the family Sphagnaceae cited 342 species

worldwide, many of which were from Itatiaia. Recent papers that cited species from Itatiaia

include: Schäfer-Verwimp and Vital (1989); Frahm (1991); Schäfer-Verwimp (1992);

Yano (1992); Reese (1993); Schäfer-Verwimp and Giancotti (1993); Gradstein and Costa

(2003); Costa and Lima (2005); Costa (2008); Santos and Costa (2010b).

We present here for the first time a complete inventory of the bryophytes found in the

INP, one of the major Atlantic Forest remnants in southeastern Brazil, and analyze the

influence of elevation gradients on the richness, floristic composition, and numbers of

endemic and threatened species of this group. We also stress the need for priority in

adequately protecting mountain environments in light of the probable role of global

warming in accelerating their destruction.

Materials and methods

Study area

Itatiaia was the first National Park established in Brazil, in a region of Atlantic Rainforest in the

‘‘Serra daMantiqueira’’ range in northwesternRiode JaneiroState (22�190–22�450Sand44�450–
44�500W); it comprises an area of approximately 30,000 ha. (Fig. 1). The elevations vary
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between 600 and 2787meters above sea level, with the highest peaks reaching 2408 m (Cabeça

do Leão), 2500 m (Dois Irmãos), and 2787 m (Pico do Itatiaiaçu). Air humidity averages 85 %.

Local rainfall averages 2100 mmannually, themean temperature is 11 �C, ranging from6 �C to

a maximum of 27 �C (Brade 1956; Hueck 1972; Pádua and Coimbra-Filho 1979).

Literature review and herbarium surveys

A review of the literature and complete surveys of specimens deposited in the Rio de

Janeiro Botanical Garden (RB), the New York Botanical Garden (NY), and the Schäfer-

Verwimp Herbarium (SV) were carried out. The classification of the phylum Marchan-

tiophyta follows Crandall-Stotler et al. (2009) and that of the phylum Bryophyta follows

Buck and Goffinet (2009).

Vegetation classification

The vegetation classification adopted here follows Veloso et al. (1991), and includes the

vegetation types of Montane Forest = 500–1500 m, and Upper Montane For-

est =[1500 m (the latter includes High-Altitude Fields—open, humid formations domi-

nated by grasses and occurring above 2300 m) (Safford 1999).

Dataset

The floristic data used here was derived from published articles (Costa and Lima 2005;

Lüth and Schäfer-Verwimp 2004; Schäfer-Verwimp 1992; Schäfer-Verwimp and Giancotti

Fig. 1 Map illustrating the location of the Itatiaia National Park, Rio de Janeiro State, Brazil (source:
Center for Scientific Computing and GIS-NCCG/JBRJ)
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1993; Schäfer-Verwimp and Vital 1989; Santos and Costa 2010a) and databases from

floristic surveys undertaken by project team members (employing random sampling along

trails and in forest areas during the years 1988–2012). These collections are deposited at

NY, RB, and SP (G). Elevation data was obtained from the herbarium labels. We analyzed

species richness as well as threatened and endemic species along an elevation gradient,

considering elevation intervals of 100 m. Elevation belts of 200 m were used, however, to

increase the accuracy of the similarity analysis, following Veloso et al. (1991): 600–800,

800–1000, 1000–1200, 1200–1500 m (Montane Forests), and 1500–1700, 1700–1900,

1900–2100, 2100–2300, 2300–2500, and 2500–2700 m (Upper Montane Forests).

Data analysis

The floristic matrix was submitted to outlier analyses and the samples with more than 2.0

standard deviations away from the mean were removed, and nonmetric multidimensional

scaling ordination (NMDS) was subsequently applied using the Sørensen similarity

coefficient. The ordination results were not modified when the rare species were not

included in the calculations (those recorded in only a single elevation belt). We therefore

chose to work with all of the taxa inventoried (230 liverworts and 289 mosses). Multire-

sponse permutation procedures (MRPP) were used to test whether a priori defined groups

of samples (vegetation types) differed from those expected by chance. MRPP (Mielke and

Berry 2007) is a nonparametric method that utilizes the Sørensen similarity coefficient to

test the null hypothesis that two or more predefined groups have equal compositions. In this

test, the A index describes the homogeneity within these groups (and varies from 0 to 1),

where A = 0 signifies that the heterogeneities within and between the groups are equal;

A = 1 signifies that all the members of each group are identical among themselves and

different from members of the other groups (McCune and Grace 2002). All analyses were

performed using PCOrd 4.1 software (McCune and Mefford 1999). The relationships

between altitude and species richness and the numbers of endemic and threatened species

were analyzed using regression models (generalized linear models—GLM), with Gaussian

distribution. The species data were square-root transformed prior to statistical analyses

(Zar 1999), conducted with R 3.1.2 software (R Development Core Team 2014).

Results

Species richness

The present study recognized 81 families, 213 genera, and 519 species of bryophytes in the

INP (Supplementary Table S1). This represents 34 % of the total bryoflora of Brazil, and

58 % of the total bryoflora of Rio de Janeiro State (Table 1), demonstrating that the INP

bryoflora is rich and well-studied as compared to other areas.

The 519 species of bryophytes included 289 mosses (135 genera and 51 families) and

230 liverworts (200 leafy liverworts and 30 thalloids, included in 78 genera and 30 fam-

ilies), with the total number of mosses being higher than liverworts (Supplementary

Table S1).

The greatest bryophyte species richness was found in the Upper Montane Forest

(Supplementary Fig. S1a) at 2100 m (145 taxa). The species richness of mosses was

greater than that of liverworts in a majority of the elevation belts. Low species richness was
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observed between 1200 and 2000 m, which may indicate that few surveys were undertaken

at this elevation zone in the park. Similar patterns were found for threatened species and

endemism (Supplementary Fig. S1b, c).

The elevation distributions of mosses and liverworts are presented in Supplementary

Table S1. Moss and liverwort richness were similar along the gradient that defined three

vegetation types (Supplementary Fig. S1): Type 1—Montane Forest at 500–1500 m; Type

2—Upper Montane Forest at 1500–2300 m; and Type 3—High-Altitude Fields at

2300–2800 m. Moss and liverwort richness show a peak between 2100 and 2300 m,

although bryophyte richness per elevation gradient was not uniform, with the Upper

Montane Forest (1500–2300 m) having the highest species richness and numbers of

exclusive and endemic taxa (Supplementary Fig. S1). Moss richness increased with alti-

tude (F1.19 = 4.4633, p = 0.048), a pattern not observed with liverworts (F1.19 = 0.2785,

p = 0.6).

The elevation zonation revealed significantly higher numbers of species with the upper

elevational limits at 2000–2100 m and the lower elevational limits at 800–1000 m. In

contrast, there were significantly lower numbers of species at the highest elevation

(2500–2600 m) and at the very lowest (500–700 m) (Supplementary Fig. S1).

Floristic composition

In terms of total number of species, the most common moss families were Leucobryaceae

(5 genera, 31 species), Sphagnaceae (1 genus, 24 species), Pilotrichaceae (9 genera, 19

species), Orthotrichaceae (5 genera, 19 species), Bryaceae (8 genera, 14 species), Potti-

aceae (8 genera, 15 species), Fissidentaceae (1 genus, 13 species), and Sematophyllaceae

(6 genera, 13 species), accounting for 29 % (148 species) of the total number of taxa. The

most common liverwort families were Lejeuneaceae (29 genera, 71 species), Metzgeri-

aceae (1 genus, 16 species), Plagiochilaceae (1 genus, 16 species), Radulaceae (1 genus, 16

taxa), Lepidoziaceae (5 genera, 14 species), Frullaniaceae (1 genus, 13 species), and

Lophocoleaceae (3 genera, 13 species)—accounting for 31 % (159 species) of the total

number of taxa (Supplementary Table S1). These are also the principle bryophyte families

encountered in floristic surveys in tropical forests (Gradstein and Pócs 1989). A total of 86

bryophyte species are endemic to Brazil (16 %), including 62 species of mosses and 24

liverworts. The richest genera are Sphagnum (24 species), Metzgeria, Plagiochila and

Radula (16 species each), Frullania and Fissidens (13 species each).

Leafy liverworts showed the greatest species richness, with Lejeuneaceae being the best

represented, with 70 species (30 % of the total number of liverwort species). Generic

Table 1 Species richness of bryophytes in different regions of the world. The numbers in parentheses
represent the percentages related to Itatiaia bryophytes

Area Mosses Liverworts Reference

Itatiaia 289 230 This study

Rio de Janeiro state 519 (56 %) 370 (62 %) Costa (2014), Costa and Peralta (2014)

Atlantic Forest 756 (38 %) 464 (50 %) Costa (2009)

Brazil 878 (32 %) 638 (36 %) Costa (2014), Costa and Peralta (2014)

Tropical America 2600 (11 %) 1350 (17 %) Gradstein et al. (2001)

World 13000 (2 %) 5000 (5 %) Gradstein et al. (2001)

2204 Biodivers Conserv (2015) 24:2199–2212

123



diversity was also high (213), with 52 % of the genera (112) being represented by only a

single taxon. The most species rich liverwort genera occurring in the Montane Forest were:

Radula (13 sp.); Plagiochila and Metzgeria (12 each); Frullania (10); Lejeunea (7); and

Bazzania (5). In the Upper Montane Forest, the most species rich genera were: Colole-

jeunea (7 sp.); Frullania (9); Syzygiella (5); and Riccardia (4); some species, including

those of the genera Lejeunea, Frullania, and Plagiochila, where present in all of the

different forest forms. The following moss genera had the most species occurring in the

Montane Forest: Lepidopilum and Leucobryum (5 sp. each) and Sematophyllum (4); and in

the Upper Montane Forest: Campylopus and Sphagnum (21 sp. each); Fissidens (10);

Macromitrium (9); and Leptodontium (6); Lepidopilum was exclusive to the Montane

Forest (5 spp.).

Analyses of the occurrence of bryophyte families in different elevation belts in the INP

indicated that most of them exhibited wide distributions, occurring in both Montane and

Upper Montane Forests (Fig. 2). The main families occurring along the elevation gradient

(with high species richness) included Leucobryaceae, Polytrichaceae, Sematophyllaceae,

and Sphagnaceae for the mosses, and Frullaniaceae, Lejeuneaceae, Lepidoziaceae, and

Plagiochilaceae for the liverworts. Some moss families, however, occurred exclusively in

only one type of vegetation, as for example Amblystegiaceae, Andreaeaceae, Bruchiaceae,

Calliergonaceae, Catagoniaceae, Ephemeraceae, Grimmiaceae, Hylocomiaceae, Plagio-

theciaceae, Rhabdoweisiaceae, Seligeriaceae, Splachnaceae, and Symphyodontaceae—

which were restricted to the Upper Montane Forest; Diphysciaceae, Helicophyllaceae,

Leucomiaceae, Racopilaceae, and Rhizogoniaceae occur exclusively in the Montane

Forest. Only Arnelliaceae, Chonecoleaceae, Gymnomitriaceae, and Jungermanniaceae,

among the liverworts, were exclusive to the Upper Montane Forest; Dumortieraceae,

Geocalycaceae, Fossombroniaceae, Monocleaceae, and Porellaceae occurred only in the

Montane Forest.

Many of the families that had the highest species richness (Lejeuneaceae, Lepidozi-

aceae, Plagiochilaceae, Radulaceae, among others) significantly contributed to the diver-

sity of the Montane Forest (Fig. 2), reinforcing the importance of these families to the

bryoflora of tropical forests. Lejeuneaceae was the family with the greatest species richness

in the three elevation belts, with its highest number of species in the Montane Forest (88

taxa), followed by Lepidoziaceae (19 species); Jungermanniaceae had the greatest species

richness in the Upper Montane Forest (14 species). This analysis also demonstrated that

some families (including Arnelliaceae, Chonecoleaceae, and Jungermanniaceae [liver-

worts], and Andreaeaceae, Bruchiaceae, Ephemeraceae, and Grimmiaceae [mosses]) were

restricted to the Upper Montane Forest.

Bryoflora X vegetational types

Outlier analyses did not identify any elevation belt as being discrepant within the total set,

therefore all samples were included in the analyses. A 2-dimensional representation was

chosen by NMDS for mosses and liverworts. The bryophyte communities separated along

NMDS axis 2, revealing distinctly different assemblages in the Montane and Upper

Montane vegetation types (Fig. 3). This representation provided a stable solution and

significantly reduced stress compared with the randomized data (for mosses, final

stress = 8.18, final instability = 0.00006; for liverworts, final stress = 11.95, final insta-

bility = 0.00006). MRPP tests confirmed significant differences in the identities of the

moss and liverwort species composing the Montane and Upper Montane forest vegetations

along the elevation gradient in the INP (MRPP A = 0.18, P = 0.007 for mosses; MRPP
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A = 0.32, P = 0.003 for liverworts). This test indicated that heterogeneity was greater

between the groups than within them, that is, the species compositions of the samples

(elevation belts) within each vegetation type were different from those that would be

expected purely by chance. However, the low A index values indicated that there were

differences in composition within the elevation belts in the same vegetation type.

Bryophyte richness was not uniform in the vegetation types, with 296 taxa being found

in the Montane Forest and 273 in the Upper Montane Forest (Supplementary Table S1).

172 taxa (58 %) were exclusive to the Montane Forest, whereas 102 taxa (37 %) were

Fig. 2 Species richness of moss (a) and liverwort (b) families along an elevation gradient in Itatiaia
National Park
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found only in the Upper Montane Forest and High-Altitude Fields (Supplementary

Table S1).

Many families found in the Upper Montane Forest and High-Altitude Fields are absent

in the Montane Forest (e.g., Andreaeaceae, Splachnobryaceae, and Symphyodontaceae);

Leucobryaceae was the largest family in the Montane and Upper Montane Forests. Among

the liverworts, Lejeuneaceae dominated overall richness in both forest types (Supple-

mentary Table S1).

Endemics (EN) versus non-endemics (NE)

A total of 76 bryophyte species are endemic to Brazil (14 %), including 51 species of

mosses and 25 species of liverworts. Four of the seven species endemic to Rio de Janeiro

State occur in the Upper Montane Forest, while two are unique to the High-Altitude Fields.

Analyses of the distributions of endemic taxa along the elevation gradient in INP indicated

that most of these species occurred in the Upper Montane Forest (47 species), followed by

Montane Forest (40 species) and High-Altitude Fields (30 species). The number of

endemic bryophyte species was higher in the Upper Montane Forest, declining with the

elevation. The non-endemic species also decline with the elevation. Moss endemism

increased with altitude (F1.19 = 17.973; p = 0.0004), reaching a maximum at

2100–2400 m (Supplementary Fig. S1c); this situation was not seen with liverworts

(F1.19 = 0.405; p = 0.53).

Conservation

The INP contains a high number of threatened species on a regional scale (Rio de Janeiro

State), with 28 moss species considered vulnerable (VU) and six endangered (EN); 46

Fig. 3 Plot of two first axes of Nonmetric Multidimensional Scaling ordination (NMDS) of the floristic
matrix of bryophyte communities in Itatiaia National Park. Colors distinguish the vegetation types (gray
Montane Forest, black Upper Montane Forest)
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liverworts found there are considered vulnerable and seven endangered. The numbers of

threatened species of mosses (F1.19 = 21.691; p = 0.0001) and liverworts (F1.19 = 5.8478;

p = 0.026) increased with increasing elevation (Supplementary Fig. S1b).

Discussion

Elevation patterns of species richness, endemism, and threatened species

Our data for the mosses corroborated the characteristic increase of bryophyte richness with

altitude reported for the tropics (Ah-Peng et al. 2007, 2012; Wolf 1993; Santos et al.

unpublished data). The same pattern was not identified with liverworts, probably as a result

of the influence of biogeographic processes or the lack of microhabitat availability. Santos

and Costa (2010b) reported an exceptional number of endemic mosses in the Montane and

Upper Montane forests in the INP, in contrast to the Andean disjunctions of some liver-

worts. Moss species, due to their life forms and gametophyte morphologies, are able to

colonize open environments such as rock outcrops, exposed soils, and banks—micro-

habitats that tend to increase in availability with increasing altitude. Bryophyte richness

decreased, however, on the mountain top in the INP, probably due to the open, grass-

dominated physiognomy of the High-Altitude Fields vegetation and the rigors of the cool-

humid climate (Safford 1999). The open structures of High-Altitude Fields formations

(without large trees), the absence of topographic relief (these are plateau areas), and high

light intensities will affect the internal microclimates within the vegetation, directly

affecting bryophyte communities. The greatest bryophyte species richness was found at

2100 m in the Upper Montane Forest, near the transition to High-Altitude Fields vegeta-

tion. This transition zone comprises species typical of both Upper Montane Forests and

High-Altitude Fields, resulting in high species richness.

The species richness of mosses was greater than that of liverworts in the majority of the

elevation belts examined. Low species richness was observed between 1200 and 2000 m,

apparently reflecting the lack of surveys in these ranges in the park. Most of the families

demonstrated wide elevation distributions, occurring in both Montane and Upper Montane

Forests, although some genera had higher numbers of species occurring in either the

Montane Forest or Upper Montane Forest, while others were exclusive to just one forest

type. Meteoriaceae is an important family in the Montane Forest, but its importance

decreases significantly in other vegetation types as this family consists of predominantly

pendent species that require low temperatures, high light levels, and high atmospheric

humidity (Richards 1984).

The observation that the highest species richness occurred in the Upper Montane Forest

did not corroborate reports from other tropical America sites, such as Gradstein and Salazar

Allen (1992) in Panama and Santos and Costa (2010a) in the Atlantic Rainforest of Rio de

Janeiro State that found the highest richness occurring in the Montane Forests. The same

patterns were found for endemic and threatened species. Like the non-endemic species, the

numbers of endemic species declined in the top of mountain (High-Altitude Fields vege-

tation). The decrease of the species richness along elevational gradients is a common pattern

described in nonnative floras from around the world (Alexander et al. 2011; Seipel et al.

2012).

Among the families that contributed to the high species richness of mosses in the Upper

Montane Forest and High-Altitude Fields, were Sphagnaceae (its species generally
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growing on humid soils in open areas—an environment common in the transition zone

between forest vegetation and High-Altitude Fields) and Leucobryaceae, Polytrichaceae,

and Pottiaceae (acrocarpous mosses, that grow in turfs on banks, rocks, and rock outcrops).

The richest liverwort families, such as Frullaniaceae and Lejeuneaceae, on the other hand,

had their highest diversity in forest vegetation, growing on the trunks and branches of trees.

The peaks of both bryophyte endemism and species richness occurred at high elevations

(2100 m) in the Upper Montane Forest in INP (Serra da Mantiqueira); this situation is

different from spore producing plants (ferns) in Neotropical mountains—which have peaks

of endemism that appear above their peaks of richness in relation to the elevation gradient

(Kluge and Kessler 2006; Kessler 2002). Similar results were reported by Santos et al.

(unpublished data) for the bryophytes on a small mountain (1170 m) in Serra do Mar

National Park in the Atlantic Forest of southeastern Brazil, where the peaks of richness and

endemism coincided at 950 m.

The endemic species that occur in the Upper Montane Forest and High-Altitude Fields

show narrow elevation ranges (e.g., Brachydontium notorogenes and Paraleucobryum

longifolium spp. brasiliense) and are best adapted to summit climates. The observed

decreases in the species richness of endemic species in the Submontane Forest probably

reflected the effects of ecological processes (such as climatic filtering), human interference

(land-use), or biogeographic processes (historical refuges). Schuster (1983) highlighted

that montane regions represent ‘‘biotic islands’’, where bryophyte populations were iso-

lated and restricted due to Pleistocene climate changes.

Endemism and species richness are highly relevant to prioritizing conservation efforts

(Kier et al. 2009) and our results emphasize the importance of the INP in conserving

bryophyte diversity (and threatened and/or endemic species) in the Atlantic Forest. The

high degrees of endemism found above 2000 m imply high phylogenetic diversity there.

The non-endemic species that grow at high elevations (Upper Montane Forest and High-

Altitude Fields) are largely generalist species with wide tolerances to more extreme

environmental conditions (such as low temperatures and high light levels), and many of

them show disjunctions with respect to other high Neotropical mountains.

Our study suggests that the combined interactions of climatic factors (such as mean

annual temperature and precipitation rates) apparently limit moss and liverwort species’

richness patterns along elevation gradients. The high temperatures and low precipitation

rates found there (generating high evapotranspiration rates and low humidity) limit liv-

erwort growth at high elevations, while species richness in low land areas is limited by low

temperatures. The more optimal ranges of temperature and precipitation at mid elevations

in the INP create favorable conditions for higher species richness.

Our data also demonstrated that the bryoflora of the INP is rich and well-studied as

compared to other areas in the state, emphasizing that this park is one of the most important

Atlantic Forest remnants in Rio de Janeiro State (and the country) for the conservation of

bryophyte species diversity.

Floristic composition x vegetation types

Marked heterogeneity was observed in terms of species composition among mosses and

liverworts in elevation belts within the same vegetation type. There were significant dif-

ferences in the identities of the moss and liverwort species growing in the Montane and

Upper Montane Forests in INP as well as within the different elevation belts of those same

vegetation types. Similar patterns were found by Santos et al. (2014) in their study of the

liverwort flora of the Atlantic Forest in southeastern Brazil, as those authors detected
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groups of areas at the same altitudes with similar liverwort floras, suggesting that these

plants have deterministic distributions related to environmental filtering driven by climatic

variables associated with altitude.

The main bryophyte families (those having high species richness) occurred along the

entire elevation gradient, while other smaller families occurred exclusively in only one

type of vegetation. The families with the highest species richness contributed significantly

to diversity in the Montane Forest, and are considered important components of the bry-

oflora of tropical forests (Gradstein et al. 2001).

Implications for conservation

Descriptions of diversity along elevation gradients are crucial for conservation manage-

ment and for understanding the ecologies of montane environments. In their study of

priority areas for conservation efforts in Rio de Janeiro State, Costa and Faria (2008) cited

examples of areas under anthropogenic pressure with numerous threatened species. They

included INP as a priority area because of its high species diversity and high numbers of

endemic and threatened taxa—with its major threats involving questions of private lands

within the park, and pasture and agriculture uses (Rocha et al. 2003). Costa and Santos

(2009) considered 75 liverwort taxa to be threatened in Rio de Janeiro State, of which 53

species (71 %) occur in INP, including 38 exclusive taxa. Our data confirms the impor-

tance of the INP as one of the major Atlantic Forest remnants in southeastern Brazil and

one of the major sites of bryophyte species diversity in the country, with the combination

of relief (different microhabitats), altitude (high elevations), and climatic conditions (low

temperatures and high humidity and light intensity) contributing to the high diversity of

bryophytes. Adequate protection for endemic or endangered species and the Upper

Montane Forests and High-Altitude Fields is still lacking, however, and must be given

priority, as the consequences of global warming will accelerate the destruction of mountain

environments.
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Plantas da Floresta Atlântica. Jardim Botânico do Rio de Janeiro, Rio de Janeiro, pp 13–17
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do Mar,Ubatuba, SP. Ph.D. Thesis, Instituto de Biociências, Universidade Estadual Paulista, Rio Claro
Warnstorf C (1911). Sphagnales, Sphagnaceae (Sphagnologia Universalis). In: Engler A. Das Pflanzenreich,

W. Engelmann, Leipzig
Wolf JHD (1993) Diversity patterns and biomass of epiphytic bryophytes and lichens along an altitudinal

gradient in the northern Andes. Ann Missouri Bot Gard 80:928–960
Yano O (1992) Leucobryaceae (Bryopsida) do Brasil. Tese de Doutorado. Univ. São Paulo, São Paulo
Zar JH (1999) Biostatistical analysis, vol 4a. Prentice-Hall Inc., New Jersey

2212 Biodivers Conserv (2015) 24:2199–2212

123

http://www.R-project.org

	Bryoflora of the Itatiaia National Park along an elevation gradient: diversity and conservation
	Abstract
	Introduction
	Materials and methods
	Study area
	Literature review and herbarium surveys
	Vegetation classification
	Dataset
	Data analysis

	Results
	Species richness
	Floristic composition
	Bryoflora X vegetational types
	Endemics (EN) versus non-endemics (NE)
	Conservation

	Discussion
	Elevation patterns of species richness, endemism, and threatened species
	Floristic composition x vegetation types
	Implications for conservation

	Acknowledgments
	References




