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ABSTRACT
Most studies concerning climbing plants have focused on lianas, forest ecosystems, and tropical regions. Thus, the 
majority of existing information is not relevant to all climbing plants (lianas and vines) or all ecoregions of the world 
(forested and non-forested). We provide an update on floristic and distributional data available for climbing plants 
in Rio Grande do Sul, Brazil’s southernmost state, which is located within subtropical and temperate zones and 
includes a variety of forest and non-forest vegetation types. A total of 448 climbing plant species were confirmed 
and documented by voucher specimens, revealing a diversity similar to that registered for trees in the state (533). 
The significant contribution of climbing species to the regional flora, the differences in floristic composition and 
species richness among the state’s eight vegetation types, and the high number of endangered species found in this 
extratropical region reveal the requirement to expand studies of climbing plants to include environments beyond 
tropical forests. Furthermore, the importance of herbaceous climbing species in subtropical and temperate floras 
demonstrates that they should be included in ecological studies of climbing plants, and that future analyses could 
detect unique or divergent patterns between herbaceous and woody climbers.
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Introduction
More than 25 years ago, when the book “The Biology of 

Vines” (Putz & Mooney 1991) was published, climbing plants 
were likely, according to Gentry (1991), “the most under-
collected of any major habit group of plants”. At the time, 
the significant contribution of climbing plants to tropical 
forest biodiversity was recognized, as was some evidence 

of their ecological role as a food source and structuring 
component of tropical forests (Putz 1984; Gentry 1991; 
Hegarty & Caballé 1991). There was no discussion, however, 
of climbers’ community-level effects on trees and their 
key role in ecosystem-level processes as it is now known 
(Schnitzer & Bongers 2002; Phillips et al. 2005; Schnitzer 
et al. 2015; Schnitzer 2018).

Despite important advances in research regarding 
climbers in the last few decades, most studies are restricted 
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to tropical regions, forest ecosystems, and woody climbers 
(lianas) only. That is, the existing data concerning climbing 
plant diversity, and nearly all the distribution and floristic 
patterns found, cannot be applied to all ecoregions of the 
world or to climbers as a whole (woody and herbaceous 
climbers; i.e. lianas and vines). For example, despite 
sharing many species with the tropics, climbing flora of 
extratropical regions can exhibit a distinctive taxonomic 
and ecological diversity of climbing plants (Durigon et al. 
2014a; Gallagher 2015). In extratropical South America, the 
floristic pattern contrasts with those described for tropical 
regions, with differences in the most speciose families and 
species composition (Durigon et al. 2014a). In addition, the 
percentage of vines in the climbing flora can be significantly 
higher in temperate sites in comparison to tropical sites 
worldwide (Hu et al. 2010; Gallagher et al. 2011; Gallagher & 
Leishman 2012), reaching up to 85 % of climbing species in 
areas from South America (Durigon et al. 2014a). Whereas 
lianas decrease in abundance and diversity with increasing 
latitude because of freezing-induced embolism (Schnitzer 
2005; Schnitzler et al. 2016), vines can be less limited, 
considering their lower susceptibility to temperature and 
water oscillations (Bhattarai & Vetaas 2003; Hu et al. 2010). 
In temperate areas of South America, the remarkable success 
of vines can be also attributed to their high frequency in 
the non-forest ecosystems that cover a large part of the 
area (Durigon et al. 2014a).

Despite being located mostly within tropical latitudes 
and recognized worldwide for its high diversity of tropical 
ecosystems and species, Brazil possesses a region with 
subtropical moist climates that was only recently highlighted 
as encompassing a distinct biodiversity (Overbeck et al. 2007; 
Pillar et al. 2009; Iganci et al. 2011). The southern region of 
Brazil (Paraná, Santa Catarina, and Rio Grande do Sul states) 
represents both a climatic transition, between tropical and 
temperate zones, and a biogeographic transition, between 
tropical-like forests in the north and grassland formations 
in the south. It is a convergence area of different floristic 
elements and, notably, the southern distribution limit of 
several tropical Atlantic species (Rambo 1960; Jurinitz 
& Jarenkow 2003). Around the 30°S, there is a marked 
biogeographic discontinuity in which temperate grasslands, 
steppes, and savannas become important physiognomic 
elements (Villagrán & Hinojosa 1997; Iganci et al. 2011). 
This transition may exclude some of the woody climbing 
species adapted to mature inner forest (Gentry 1991; 
Jiménez-Castillo & Lusk 2013). Moreover, most herbaceous 
species, in addition to being able to live in drier and/or colder 
climates, are able to climb the variety of small-diameter 
supports available among different temperate vegetation 
types (Durigon & Waechter 2011; Durigon et al. 2014a).

Climbing plant diversity and ecology in South Brazil 
have been addressed by punctual studies restricted to 
forest ecosystems, which still retain many northern tropical 
elements (Citadini-Zanette et al. 1997; Durigon et al. 2009; 

Durigon & Waechter 2011; Seger & Hartz 2014; Guerra et al. 
2015; Oliveira et al. 2016; Seger et al. 2017), thus preventing 
a more comprehensive analysis of southern climbing flora 
richness and distribution. Conversely, the extensive work of 
taxonomic cataloging Brazilian flora in recent years (Forzza 
et al. 2010; Brazil Flora Group 2015; Flora do Brasil 2020) 
has generated a large amount of new occurrence data by 
state, allowing for the development of some regionalized 
biodiversity estimates, even for poorly known groups such as 
climbing plants. For example, in the state of Rio Grande do 
Sul, preliminary analyses have revealed a climbing richness 
that approaches that of arboreal species recorded for the 
state (Durigon et al. 2014b).

In Rio Grande do Sul, the southernmost state of Brazil, 
the physiognomic division between forest and non-forest 
environments approaches the regional division between 
northern and southern halves of the state, and between 
the biome classifications of Mata Atlântica (Atlantic forest) 
and Pampa, respectively. The registry of climbing occurrence 
data in this area and the analysis of the distribution of 
climbing richness across different types of vegetation can 
therefore contribute to a re-evaluation of the importance 
that is given to climbers in non-forest ecosystems and, 
ultimately, in regions outside the tropics. The main objective 
of the present study was to systematize and update existing 
knowledge regarding climbing plants in an extratropical 
region of Brazil, in order to subsidize advances in research 
and conservation policies for a neglected plant group in an 
equally neglected biome, as is the case for the Pampa biome. 
A substantiated list of species in the state of Rio Grande do 
Sul is provided, including information on climbing species 
richness, distribution, conservation status, and ecological 
attributes, in addition to indications of specialized literature 
for taxonomic identification of the species registered.

Materials and methods
Study area

Rio Grande do Sul is Brazil’s southernmost state, located 
roughly between 27ºS and 33ºS. According to Köppen’s 
classification, the predominant climate is subtropical humid 
(Cfa), with a temperate humid climate (Cfb) restricted to 
some elevated areas located in the northeast and south of 
the State (Alvares et al. 2013). The seasonality is essentially 
thermal, with no climatic dry season (Leite & Klein 1990).

Two biomes are officially recognized as occurring within 
state territory — the Mata Atlântica and Pampa biomes, 
in the northern and southern halves, respectively — with 
both showing inner heterogeneities that are considered to 
be different vegetation types or phytoecological units (Leite 
2002; Hasenack et al. 2010). In general, the Mata Atlântica 
biome encompasses mainly forest vegetations, including 
rain forests and seasonal forests. Its floristic composition is 
highly influenced by tropical forest taxa that have migrated 
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along two different routes: the western one formed by the 
seasonal forests of the Paraná and Uruguay River basins, and 
an eastern route comprising the rain forests of the Atlantic 
mountain slopes (Rambo 1961). These tropical-like forests 
that border the eastern and western parts of northern Rio 
Grande do Sul are segregated by a mosaic-like landscape 
of highland grasslands and forests characterized by the 
presence of temperate taxa, such as Araucaria angustifolia 
(Bertol.) Kuntze and Podocarpus L’Hér. ex Pers (Boldrini 
et al. 2009). In contrast, in the Pampa biome, a variety of 
non-forest vegetation types covers the state’s southern 
half, including temperate grasslands, savannas, and coastal 
scrub (Hasenacket al. 2010; Iganci et al. 2011).

Data collection and analysis

A preliminary checklist of climbing plant species 
occurring in the state of Rio Grande do Sul was obtained 
from two databases: the Catálogo de Plantas e Fungos do 
Brasil (Forzza et al. 2010) and the Catálogo de las Plantas 
Vasculares del Cono Sur (Zuloaga et al. 2008). The species 
citations for the state were revised based on specific 
literature for genera and families, information obtained from 
regional herbarium collections (ICN, HAS, MPUC, HVAT, 
PACA, SMDB, FUEL, HBR, FLOR, FURB, CTBS, UPCB, and 

MBM), and records available in the SpeciesLink Database 
(CRIA 2012). The species occurrence was confirmed by 
the existence of correctly identified voucher specimens 
collected in Rio Grande do Sul, thus eliminating spurious 
data. Climbing species names were updated by consulting 
the Flora do Brasil online database (Flora do Brasil 2020) and 
specialized literature. Furthermore, field observations and 
analyses of national and international herbarium collections 
(HB, R, RB, SP, LP, CTES, SI, MVFA, MVJB, and MVM) 
were carried out in search of new occurrences that could 
complement the revised checklist. All herbaria acronyms 
follow Thiers (2018).

Because most of the literature used for climbing 
species taxonomic identification is dispersed in a variety 
of monographs, revisions and floras of different scales and 
taxonomic levels were consulted. Taxonomic information 
concerning the registered species was systematized, with 
at least one literature source selected and cited for each 
genus as a subsidy for species identification.

The distribution of confirmed species across the state’s 
different vegetation types was determined based on 
occurrence data obtained from the SpeciesLink database 
and from the consulted herbarium collections. The 
classification into vegetation types was adapted from Leite 
(2002) and Iganci et al. (2011), resulting in eight different 

Figure 1.Vegetation types of Rio Grande do Sul state. 



Updates on extratropical region climbing plant flora: news regarding a still-neglected diversity 

Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com.br

647Acta Botanica Brasilica - 33(4): 644-653. October-December 2019

units: Dense Ombrophilous Forest (DOF), Araucaria Forest-
Grassland Mosaics (FGM), Central Seasonal Forest (CSF), 
and Western Seasonal Forest (WSF) in the Mata Altântica 
biome; and Subtropical/Temperate Coastal Scrub (SCS), 
Temperate Shrubland (TES), Low Altitude Temperate 
Grasslands (LTG), and Temperate Savanna (TMS) in the 
Pampa biome (Fig. 1). It is important to note that most 
Mata Atlântica vegetation types (DOF, CSF, and WSF) are 
characterized by forest vegetations, with the exception of 
the FGM, which instead corresponds to the mosaics formed 
by subtropical highland grasslands with shrubby and forest 
vegetation belonging to Araucaria forest. In the Pampa 
biome, there are distinct forest-grassland mosaics formed 
by shrubby and seasonal forests, which were considered to 
be part of the TES unit.

To analyze the floristic affinities between the eight 
vegetation units, a matrix of species presence/absence 
was constructed and used to calculate the complement 
of Jaccard’s similarity index. A cluster analysis was also 
performed using Ward’s clustering criterion, and the 
significance of the formed groups was evaluated by a group 
partition sharpness analysis (Pillar 1999). All tests were 
applied with R Statistical Environment (R Development 
Core Team 2018).

Ecological characteristics and species conservation 
status

Climbing species were classified into growth forms (i.e., 
lianas and vines), following Gentry (1991). Lianas are woody, 
relatively thick-stemmed climbers that more commonly 
inhabit forest interiors, whereas vines are herbaceous/
subwoody, thin-stemmed climbing plants that are more 
frequently found at forest edges and forest understory. 
Species were also classified into functional groups based 
on their climbing mechanism according to Durigon et 
al. (2014a), who considered a combination of previous 
classifications presented by Darwin (1865), Acevedo-
Rodríguez (2005), and Isnard & Silk (2009). Species were 
therefore classified as twiners, tendril-bearers, scramblers, 
hook-climbers, climbers with tendril-like branches, root-
climbers, or leaf-climbers. Although some species can often 
display more than one mechanism, only the main one was 
considered, specifically the one present from the beginning 
of the plant’s search for a support.

Conservation status of climbing species at the state 
level were obtained from the Rio Grande do Sul Endangered 
Plant Species List (Rio Grande do Sul 2014), based on the 
IUCN (2012) classification.

Results
The occurrence of 448 climbing plant species in the 

state of Rio Grande do Sul was confirmed and documented 
by voucher specimens. The species are distributed in 164 

genera and 54 families, with 43 being eudicots, nine being 
monocotyledons, and one each being gymnosperms and 
ferns. The climbing flora of the state is composed primarily 
of herbaceous (57 %) and twining species (53 %), and 
nearly 40 % of the species have both attributes (i.e., are 
herbaceous twining plants). The second most species-rich 
morphological/functional group consists of herbaceous 
climbers with tendrils, which corresponds to approximately 
15 % of species. 

The most speciose families were Fabaceae (58 
species) and Apocynaceae (56), together accounting for 
approximately 25 % of all species. Along with Asteraceae 
(48), Convolvulaceae (38), Cucurbitaceae (26), Bignoniaceae 
(24), Malpighiaceae (21), Sapindaceae (19), Passifloraceae 
(18), and Dioscoreaceae (13), these 10 families account 
for 321 species, which represents more than 70 % of the 
climbing species occurring in the state (Fig. 2). The other 
127 confirmed species are included in the remaining 44 
botanical families. Among the genera, Mikania (33 species), 
Ipomoea (25), Oxypetalum (19), Passiflora (18), Dioscorea 
(13), and Cayaponia (10) are the most diverse in the study 
area (i.e., genera with ten or more species). A complete list 
of useful references for species taxonomic identification by 
genera is available in the Supplementary Material (Tab. S1 
in supplementary material).

Figure 2. Species richness in the ten most-diversified families of 
climbing plants in Rio Grande do Sul state, Brazil. The numbers 
above the bars represent the number of species.

Species distribution

Species richness is unevenly distributed between the 
Mata Atlântica (predominantly forested) and Pampa 
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(predominantly non-forested) biomes. The Mata Atlântica 
biome comprises Dense Ombrophilous Forest (DOF), 
Central Seasonal Forest (CSF), Araucaria Forest-Grassland 
Mosaics (FGM), and Western Seasonal Forest (WSF), 
encompassing 232 climbing species (52 % of the total) 
which occurs exclusively in this biome, in at least one of 
the vegetation types. The Pampa biome comprises the Low 
Altitude Temperate Grasslands (LTG), Temperate Shrubland 
(TES), Subtropical/Temperate Coastal Scrub (SCS), and 
Temperate Savanna (TMS), including only 23 climbing 
species which are exclusive (5 % of the total).

Central Seasonal Forest (CSF) includes the largest 
number of species (283), followed by FGM (263), DOF 
(242), WSF (215), LTG (124), TES (132), SCS (116), and TMS 
(31). When area is taken into account, however, DOF stands 
out as having the highest species-area relationship (0.07081 
species/km²), followed by TMS (0.02188 species/km²).  
According to the classification considered, DOF and TMS 
have the smallest areas, corresponding to 1.28 % and 0.53 % 
of the total state area, respectively. In contrast, LTG, which 
represents approximately 33 % of the state territory, is the 
vegetation type with the lowest species-area relationship 
(Tab. 1).

Table 1. Species-area relationship by vegetation type, ordered 
from highest to lowest. Areas are in km² and densities in species/
km². DOF: Dense Ombrophilous Forest; TMS: Temperate Savanna; 
WSF: Western Seasonal Forest; CSF: Central Seasonal Forest; SCS: 
Subtropical/Temperate Coastal Scrub; FGM: Araucaria Forest-
Grassland Mosaics; TES: Temperate Shrubland; LTG: Low Altitude 
Temperate Grasslands.

Vegetation type Species-area Species nº Area % of State area
DOF 0.07081 242 3,417.53 1.28
TMS 0.02188 31 1,416.99 0.53
WSF 0.00972 215 22,129.05 8.31
CSF 0.00952 283 29,734.20 11.17
SCS 0.00525 116 22,089.12 8.30

FGM 0.00410 263 64,165.48 24.10
TES 0.00364 132 36,250.26 13.62
LTG 0.00142 124 87,026.14 32.69

Most of the climbing species (c.a. 70 %) occur in more 
than one type of vegetation. Only 14 species, however, 
are largely distributed across all vegetations types. This 
number increases to 29 species when the TMS, which 
comprises a small area on the western border of the state 
with a particular flora, is not considered. Conversely, 
c.a. 30 % of climbers are exclusive or endemic (i.e., 
climbing species that were found only in one type of 
vegetation in the state). FGM includes the largest number 
of exclusive species (33), followed by predominantly 
forest physiognomies, such as DOF, WSF, and CSF, which 
contain 29, 25, and 20 exclusive species, respectively. 
The vegetation types in the southern half of the state 
(predominantly non-forest) exhibit a smaller number 
of exclusive species: LTG contained ten species, TMS 

contained four, SCS contained three, and TES contained 
only one exclusive species.

Observing the list of climbing species for each vegetation 
type, a shift in the richest families can be observed (Fig. 3).  
Asteraceae appears among the two richest families in all 
vegetation types of the Mata Atlântica biome, whereas 
Apocynaceae and Fabaceae are the most diversified families 
in almost the entire Pampa biome. These two families are 
also important in specific vegetation types of Mata Atlântica: 
Apocynaceae in DOF and WSF; Fabaceae in FGM and CSF.

Figure 3. Richest families in each vegetation type of the Rio 
Grande do Sul state. DOF: Dense Ombrophilous Forest; CSF: 
Central Seasonal Forest; FGM: Araucaria Forest-Grassland Mosaics; 
WSF: Western Seasonal Forest; TES: Temperate Shrubland; 
SCS: Subtropical/Temperate Coastal Scrub; LTG: Low Altitude 
Temperate Grasslands; TMS: Temperate Savanna.

The cluster analysis concerning floristic composition of 
the vegetation types had strong support for up to five groups 
(Fig. 4). Temperate Savanna (TMS) is the most dissimilar 
vegetation type, followed by one group of units from the 
Mata Atlântica biome and another group composed of 
the remaining units of the Pampa biome. Low Altitude 
Temperate Grasslands (LTG) and Temperate Shrubland 
(TES) are the closest vegetation types within the Pampa 
biome, whereas Araucaria Forest-Grassland Mosaics (FGM), 
Central Seasonal Forest (CSF), and Dense Ombrophilous 
Forest (DOF) form a single group, apart from the Western 
Seasonal Forest (WSF).



Updates on extratropical region climbing plant flora: news regarding a still-neglected diversity 

Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com.br

649Acta Botanica Brasilica - 33(4): 644-653. October-December 2019

Figure 4. Groups of vegetation types, according to climbing 
species composition (presence/absence data). Gray line represents 
the maximum number of groups recognized by the group partition 
sharpness analysis. DOF: Dense Ombrophilous Forest; CSF: Central 
Seasonal Forest; FGM: Araucaria Forest-Grassland Mosaics; 
WSF: Western Seasonal Forest; TES: Temperate Shrubland; 
SCS: Subtropical/Temperate Coastal Scrub; LTG: Low Altitude 
Temperate Grasslands; TMS: Temperate Savanna.

Ecological characteristics and conservation status

Regarding functional groups, twiners and tendril-bearers 
correspond to 80 % of climbing species in all vegetation 
types. Tendril-bearers are the most expressive in the TES, 
corresponding to nearly 35 % of the climbing flora. This 
vegetation type also stands out by having the greatest 
proportion of leaf-climbers (5 %) in comparison to other 
types of vegetation (1–3 %). Another striking difference 
concerning species climbing mechanisms is the presence 
of root-climbers only in ombrophilous or otherwise humid 
forests, and the absence of tendril-like branches climbers 
in most non-forest physiognomies (Fig. 5). 

According to the species list of threatened flora for the 
state of Rio Grande do Sul, approximately 20 % of climbing 
plant species are under some degree of threat. In terms 
of threat levels, most species (29) are classified in the 
“Endangered” category, followed by “Critically Endangered” 
(23), “Vulnerable” (21), “Least Concern” (six), “Regionally 
Extinct” (four), “Nearly Threatened (three), and “Extinct” 
(one species). A further seven climbing species are considered 
“Data Deficient”. The majority of the endangered species 
(45 %) occurs in only one type of vegetation in the state, 
particularly in DOF and FGM. Moreover, approximately 

Figure 5. Percentage of species presenting a given climbing mechanism in each vegetation type. DOF: Dense Ombrophilous Forest; 
CSF: Central Seasonal Forest; FGM: Araucaria Forest-Grassland Mosaics; WSF: Western Seasonal Forest; TES: Temperate Shrubland; 
SCS: Subtropical/Temperate Coastal Scrub; LTG: Low Altitude Temperate Grasslands; TMS: Temperate Savanna.
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60 % of the endangered species were vines (56) instead of 
lianas (38).

The families with the largest numbers of endangered 
species correspond nearly entirely to the most speciose 
ones. In Apocynaceae, roughly 45 % of the climbing species 
are endangered, especially those belonging to Oxypetalum. 
As for Asteraceae, this percentage is not as high (33 %), but 
all the threatened species belong to Mikania. In Fabaceae, 
however, the 17 % of climbing species that are endangered 
belong to a greater variety of genera, such as Lathyrus and 
Vicia. The complete list of species with corresponding 
voucher indications, climbing mechanisms, growth forms, 
and conservation status is available in the Table S2 in 
supplementary material.

Discussion
The importance of climbing plants, already long 

recognized for tropical forests, is also beginning to be 
highlighted for extratropical regions. In southern South 
America, lianas are important components of forest 
vegetation types, such as those located in biogeographic 
and climatic transition regions in southern Brazil (Durigon 
& Waechter 2011) and temperate forests in Chile (Gianoli 
et al. 2010; Marticorena et al. 2010), whereas vines appear 
to have successfully diversified and occupied more opened 
vegetation types, assuming a greater importance in multiple 
non-forest physiognomies (Durigon et al. 2014a).

This update to the list of climbing species from Rio 
Grande do Sul, in addition to revealing a greater number 
of species than that found in a previous study (Durigon et 
al. 2014b), contributes to a re-evaluation of the importance 
that is given to climbers in extratropical regions. The state’s 
climbing diversity has been shown to be similar to that 
registered for trees; there are 533 tree species known for 
the state (Sobral et al. 2013), whereas climbers stand at 
448 species.

The two families containing the highest number of 
climbing genera and species in the flora of Rio Grande do 
Sul — Apocynaceae and Fabaceae — are also cited amongst 
the most important families in terms of species number 
at other geographical sites, including tropical ones (Gentry 
1991; Gallagher 2016). Nonetheless, most of the woody 
species in these families, frequently found in tropical forests, 
are not so frequent in the study area. In Rio Grande do Sul, 
these families include predominantly herbaceous climbers, 
which correspond to approximately 80  % of their climbing 
species. In the case of Apocynaceae, many genera are derived 
from the Asclepiadoideae subfamily, amongst which the 
herbaceous habit is frequent. As for Fabaceae, the findings 
in this study concur with notes made by Gentry (1991), in 
which he pointed out the greater prominence of leguminous 
species in extratropical climbers’ floristic compositions, 
with most of the species belonging to genera different from 
those commonly found in the tropics (Durigon et al. 2014b). 

Notably, other families known to possess great climbing 
plant representatives, such as Bignoniaceae, Sapindaceae, 
and Malpighiaceae, and renowned for supporting a high 
diversity of woody climbers in tropical regions are not 
overly representative in the study area. In local scale 
floristic surveys, however, Seger & Hartz (2014) found 
that Bignoniaceae and Sapindaceae richness is increased 
in seasonal sites. 

The expressive success of herbaceous twiners and tendril-
bearers, which represent more than half of Rio Grande do 
Sul climbing flora, can be related to the significant variety 
of more opened ecosystems (grasslands, shrublands, and 
forest-grassland mosaics) that correspond to more than 60 % 
of the state’s territory. In the Pampa biome, which covers the 
southernmost part of Rio Grande do Sul, the entire territory 
of Uruguay, and part of Argentina, herbaceous twining 
species in the genera Centrosema, Convolvulus, Ipomoea, 
and Oxypetalum are highly frequent (Miotto 1987a; b;  
Ferreira & Miotto 2009; 2011), as are tendril-bearers 
belonging to Lathyrus and Vicia (Bastos & Miotto 1996; 
Neubert & Miotto 2001). The establishment of herbaceous 
climbers in more open conditions is favored, considering 
their production of many small seeds with high abiotic 
dispersal ability (Grime 2001).

 In the case of herbaceous tendril-bearers, stem twiners, 
or leaf-climbers, their high proportion in extratropical 
climbing flora, or in some more opened vegetation types, 
as in the case of TES, can also be attributed to the great 
abundance of small-diameter supports available (Durigon 
et al. 2014a). In general, these groups of climbers have 
limitations concerning the upper limit of trunk diameter 
they can use, with twiners being able to make use of 
higher diameter supports than tendril-bearers (Putz & 
Holbrook 1991). Additionally, because leaf-climbers and 
tendril-bearers climb by using smaller and more specialized 
structures than those of twiners, who use their stems, they 
circumvent the need for their stems to coil, an issue which 
may restrain these plants from inhabiting greater diameter 
supports, both in relation to stem twiners (Teramura 1991) 
and in general.

Species distribution

The distribution of climbing species richness in the state is 
characterized by a high number of species in northern forest 
physiognomies, with some points of species concentration 
in small distinctive areas, and a relatively homogeneous 
dilution of the diversity between the physiognomies in 
the southern half of the territory. In a more generalist first 
analysis, this pattern is an expression of the latitudinal 
gradient of diversity (Willig et al. 2003; Schnitzer 2005), 
but at a smaller scale. Apart from that, the convergence 
of different floristic elements and the occurrence of many 
taxa more widely distributed to the north, both of which 
characterize the forests of the Brazilian southern region 
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as a transitional area, can explain why they include most 
of the climbing diversity (Durigon & Waechter 2011). The 
most striking example is that which occurs in DOF, where 
many species derived from the highly diverse Mata Atlântica 
reach their southern limit of distribution, resulting in a high 
number of species in a small area of the state. 

In addition to the association with the latitudinal 
gradient of species richness and biogeographic factors, the 
low number of climbing species in predominantly non-forest 
vegetation types may also be related to small-scale climatic 
conditions. Although there is no climatic dry season in Rio 
Grande do Sul, in summer, most of the southern state is 
affected by low rainfall, particularly in areas with shallow 
soils (Mota et al. 1970). According to Gentry (1991), dry 
grassland or shrubland areas impose severe constraints 
for both woody and herbaceous climbers, especially those 
of tropical origin, an observation which also explained 
the decline of climber species towards middle-west and 
southwest migration routes of the state’s flora (Durigon 
& Waechter 2011). Furthermore, in non-forest vegetation 
types, the requirement for support is likely to be a local 
environmental filter for some species, especially for woody 
climbers (Putz & Holbrook 1991; Durigon et al. 2014a).

Conversely, the climbing richness distributed across the 
vegetation types of the southern half of the state cannot 
be disregarded, considering that these heterogeneous 
vegetations encompass a distinctive part of both taxonomic 
and functional climbing diversity. Moreover, considering the 
scarcity of herbarium records and that no study focusing 
on this group of plants in native areas of the Pampa biome 
has been published, it is probable that the data on climbing 
richness in the different types of vegetation (TES, LTG, SCS 
and TMS) are underestimated.

As expected, the analysis of floristic similarity showed a 
clear differentiation between vegetation types of the Mata 
Atlântica and Pampa biomes. Nevertheless, considering the 
heterogeneity existing in each biome, there are some internal 
differences for the richest families and climbing species 
composition. In the case of the Pampa biome, Subtropical/
Temperate Coastal Scrub (SCS) and Temperate Savanna 
(TMS) (which were isolated from the other units in the 
cluster analysis) have specific climatic and edaphic conditions 
which can limit the occurrence of many species. The first 
vegetation type is distributed along the coastal plain of the 
state and holds specific soil and salinity conditions. The 
second type is a small area of dry woodlands and savannas 
which extends to Argentina, showing a flora with unique 
characteristics in the state (Leite 2002). This difference may 
explain the significant dissimilarity of TMS in relation to all 
vegetation types. In the Mata Atlântica Biome, the cluster 
analysis separated the Western Seasonal Forest (WSF) from 
the other vegetation types, even though the richest families 
are similar. The climbing species composition of this seasonal 
forest is strongly influenced by the western migration route 
(Rambo1961), and therefore this diversity is diluted along 

other forest formations of the state, such as the Araucaria 
Forest-Grassland Mosaics (FGM), and converges with the 
eastern migration route, in the Central Seasonal Forest 
(CSF) (Jarenkow & Waechter 2001).

Species conservation status

Regarding the contribution of climbing species, 
particularly vines, to regional and global extratropical 
biodiversity and, as supported by the present study, the 
high number of endangered climbing species, Brazilian 
conservation policies and environmental impact evaluation 
studies cannot continue to ignore them. The high proportion 
of endangered vine species found in the state of Rio Grande 
do Sul may significantly increase in a short period of time 
because the Pampa biome is increasingly under threat 
due to the agricultural conversion of its native non-forest 
ecosystems (Overbeck et al. 2007; 2015), and more recently, 
due the pressure to explore mineral resources.

Climbers are already recognized as an important group 
for tropical biodiversity, playing a key role in ecosystem-
level processes and providing resources for pollinators and 
dispersers (Schnitzer & Bongers 2002; Schnitzer 2018) and 
they are likely to play an important role in extratropical 
areas as well. It should be noted that the evidence regarding 
negative effects of climbers on tree growth and carbon 
storage in the tropics (Schnitzer& Carson 2010; Schnitzer 
& Bongers 2011; Heijden et al. 2015) do not invalidate the 
need to include them in conservation policies. The results of 
the present study reinforce this requirement, demonstrating 
that a large percentage of the species that occur in the state 
of Rio Grande do Sul are under some degree of threat.

To obtain a better comprehension of the floristic, ecological, 
and biogeographical patterns of climbing species — or even 
vegetation types as a whole — at a global scale, it is of the 
utmost importance that future studies include an increased 
number of subtropical and temperate sites and take vines and 
lianas alongside their specificities into account. Even though 
much remains to be learned regarding the climbing flora of 
extratropical regions, there is already sufficient information 
to suggest that they should no longer be neglected. 
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