
UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL 

INSTITUTO DE BIOCIÊNCIAS 

 PROGRAMA DE PÓS-GRADUAÇÃO EM BOTÂNICA 

 

 

 

 

 

 

 

LOCAL BIODIVERSITY EROSION IN SOUTH BRAZILIAN GRASSLANDS EVEN 
WITH SLIGHT LANDSCAPE HABITAT LOSS 

 

 

Ingmar René Staude 

 

Orientador: Prof. Dr. Gerhard Ernst Overbeck 

 

 

 

 

 

 

 

Porto Alegre 

2017 

 



UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL 

INSTITUTO DE BIOCIÊNCIAS 

 PROGRAMA DE PÓS-GRADUAÇÃO EM BOTÂNICA 

 

 

 

 

LOCAL BIODIVERSITY EROSION IN SOUTH BRAZILIAN GRASSLANDS EVEN 
WITH SLIGHT LANDSCAPE HABITAT LOSS 

 

 

Ingmar René Staude 

 

 

 

 

 

 

 

 

 

Orientador: Prof. Dr. Gerhard Ernst Overbeck 

 

 

Porto Alegre 

2017 

Dissertação apresentada ao 
Programa de Pós-Graduação em 
Botânica como um dos requisitos 
para a obtenção do grau de Mestre 
em Botânica pela Universidade 
Federal do Rio Grande do Sul 

 



Ingmar R. Staude

Local biodiversity erosion in South Brazilian grasslands with even slight landscape habitat loss

PPG Botânica, 6 de Junho de 2017

Reviewers: Prof. Dr. Sandra C. Müller, Prof. Dr. João A. Jarenkow and Dr.Anaclara Guido

Supervisors: Prof. Dr.Gerhard E. Overbeck

Universidade Federal do Rio Grande do Sul

Laboratory of Grassland Vegetation

PPG Botânica
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Introdução Geral

As formações campestres em senso mais amplo estão entre os maiores ecossistemas do mundo

e cobrem 40,5% da superf́ıcie terrestre (Suttie et al. 2005). Devido aos seus solos férteis e

caracteŕısticas topográficas favoráveis, o bioma de campos temperados tornou-se o ecossistema

mais extensivamente modificado pelo homem, 45,8% foi convertido para outros usos do solo,

apenas 4,6% é protegido (Hoekstra et al. 2005). Os campos do Sul do Brasil, da Argentina e

do Uruguai, denominados conjuntamente como Pastizales del Rı́o de la Plata, são uma das

maiores regiões de campos temperados do mundo e os mais extensos da América do Sul. Este

tipo de ecossistema é encontrado no Rio Grande do Sul, o estado mais austral do Brasil, onde é

denominado Campos Sulinos ou simplesmente Campos (Overbeck et al. 2007).

Tal como acontece com a Mata Atlântica adjacente, os Campos representam um desafio para a

conservação da biodiversidade (ibid.). Eles apresentam altos ńıveis de biodiversidade – estimativas

chegam a um total de 2600 espécies de plantas campestres, apenas para o Estado do Rio Grande

do Sul (Boldrini 1997) – e endemismo, mas lacunas de conhecimento cient́ıfico, limitações de

recursos financeiros e falta de poĺıticas próıbem a recuperação ou mesmo a desaceleração da

conversão de Campos. Os Campos costumavam cobrir 55% do território do Rio Grande do Sul no

passado (IBGE 1977). No peŕıodo de 1970 a 1996, a área de Campos foi reduzida de 14 milhões

de ha para 11 milhões de ha, estima-se que 4 milhões de ha foram convertidos de 1996 a 2005, ou

seja, devido à expansão agŕıcola e silvicultural restam somente 50% da área original de Campos

no Rio Grande do Sul (Cordeiro & Hasenack 2009). Isso contrasta com um ńıvel de proteção

baixo: uma porcentagem insignificante de 2,58% da área de Campos é protegida nas áreas

conservadas em Unidades de Conservação no Rio Grande do Sul (Brandão et al. 2008). De fato,

o bioma do Pampa brasileiro, ou seja, os Campos na metade sul do Rio Grande do Sul, apresenta

o maior Índice de Risco de Conservação de todos os biomas brasileiros (Overbeck et al. 2015).

Uma consequência principal e primária da perda de habitat é o subconjunto da comunidade

biológica ali presente. A heterogeneidade ambiental e, portanto, habitat e nichos, em que algumas

espécies dependem exclusivamente, são eliminados no processo de conversão de uso do solo. Isso

se reflete numa relação ub́ıqua de área de espécies. Em segundo lugar, com a perda de habitat, o

habitat cont́ınuo tipicamente divide-se em múltiplas manchas menores e mais isoladas. De acordo

com a teoria da biogeografia de ilhas e de dinâmica da metapopulação, as espécies persistirão
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nas manchas do habitat se forem suficientemente grandes para suportar uma população viável

e/ou se a configuração de paisagem permitir recolonização. Após a perda de habitat, o efeito da

deriva geralmente aumenta enquanto a recolonização que poderia contrabalançar as extinções

estocásticas locais diminui. Além disso, uma maior exposição a espécies do habitat matricial é

suscet́ıvel de influenciar os processos de assembléia da comunidade (Mack & D’Antonio 1998).

O estabelecimento e a proliferação das espécies de matriz, tipicamente espécies generalistas

nativas, espécies ruderais e as vezes espécies exóticas, cosmopolitas, pode excluir competitivamente

várias outras espécies, tipicamente espécies raras e especializadas, levando à diminuição da

diversidade beta e, consequentemente, à homogeneização taxonômica. Além disso, se a perda

de espécies após a modificação do habitat é devida a uma vulnerabilidade particular aos

processos acima mencionados e, portanto, não-aleatória, i.e., alguns atributos funcionais são

selecionados sobre outros sob um regime espećıfico de uso do solo, comunidades tornam-se mais

homogeneizadas ecologicamente. Como os atributos funcionais são tipicamente conservados nas

linhagens evolucionárias das plantas, a diversidade filogenética pode ser usada para detalhar a

similaridade ecológica de uma comunidade (Webb 2000). Como há evidências crescentes de que

a diversidade filogenética está positivamente relacionada com as funções do ecossistema, e.g.,

uma maior diversidade evolutiva amortece os ecossistemas contra a variação ambiental, uma

perda de informação evolutiva pode, em última instância, resultar na diminuição da resiliência do

ecossistema (Cadotte et al. 2012).

Ademais, se as linhagens evolutivas dos produtores primários forem perdidas após a perda de

habitat, isso provavelmente afetará também os mutualistas e antagonistas associados. Muitos

herb́ıvoros mostram estrutura filogenética em suas dietas - eles se alimentam de grupos de

gêneros ou espécies estreitamente relacionados (Ødegaard et al. 2005; Weiblen et al. 2006). Em

consequência, a perda não-aleatória de espécies vegetais e, com isso, o decĺınio da diversidade

filogenética devido à perda de habitat pode, por exemplo, diminuir a diversidade de Formicidae

que compreende um alto grau de associações com plantas e tem requisitos de habitat e dieta

filogenéticamente estruturados. Assim, a homogeneização ecológica no ńıvel da comunidade

vegetal pode desencadear as cascatas tróficas nas quais a reorganização da comunidade não se

restringe apenas às plantas, mas perpetua-se em todos os ńıveis tróficos.
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Até o momento, há poucas provas emṕıricas se as consequências da perda de habitat na

diversidade biológica dos Campos Sulinos são semelhantes às observadas em outros biomas e se as

predições teóricas da erosão da biodiversidade são verdadeiras. Esta informação é urgentemente

necessária para futuros esforços de conservação

Objetivo geral Aqui, utilizo dados de levantamentos da biodiversidade dos Campos Sulinos no

Rio Grande do Sul e pergunto como 1) a riqueza de espécies, 2) a diversidade beta 3) a diversidade

filogenética de comunidades de plantas locais respondem à perda moderada de Campos ( 50%),

e 4) se ńıveis tróficos mais altos respondem à estrutura filogenética das mesmas comunidades de

plantas, usando Formicidae como sistema modelo.

Estrutura da tese A dissertação é estruturada de acordo com as especificações do manuscrito

e diretrizes ao autor da revista ”Conservation Biology”1.
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Resumo15

The Campos Sulinos, Brazil’s southern grasslands, have experienced considerable16

land-use change in recent years. 50% of their natural extent in Rio Grande do17

Sul, Brazil’s southernmost state, has been lost in only 35 years due to agricultural18

expansion. Despite of that, a mere 2.58% are currently represented in conservation19

units. Up to date, there is little empirical evidence for the e↵ects of habitat loss on20

the Campos ’ biological diversity. Here we used data from a large-scale biodiversity21

survey carried out in Rio Grande do Sul and asked how species richness, beta-diversity22

and phylogenetic diversity of local plant communities respond to even slight losses of23

Campos in a landscape ( 50%). Vegetation was sampled in 24 anthropogenically24

modified landscapes at three localities each within Campos remnant area, using 925

plots of 1 m2 per locality. In part of the same localities, arthropod data was sampled26

to investigate if a potential loss of plant diversity has a cascading e↵ect on other27
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trophic levels. We evaluated ant generic richness, an omnivore group with high28

levels of plant associations, in respect to a plant community’s phylogenetic diversity.29

We found that species richness, beta-diversity – when disentangled into its species30

turnover and nestedness components – and phylogenetic diversity of local plant31

communities responded to the amount of Campos in a landscape. We found species32

poorer, taxonomically more homogenized and phylogenetically less diverse local plant33

communities in landscapes with less Campos. Our results suggest that species loss is34

nonrandom and can be linked to taxonomic homogenization resulting in ecologically35

more homogenized plant communities. Furthermore, ant richness responded to the36

phylogenetic diversity of plant communities, suggesting that e↵ects of habitat loss37

perpetuate to higher trophic levels. We conclude that the Campos ’ biological diversity38

is at risk under the current rate of land-use conversion. We emphasize the urgency39

of a higher representation of the Campos Sulinos in conservation units and a more40

restrictive policy framework for land-use change authorizations in Rio Grande do41

Sul.42

Key words— Campos, species richness, beta-diversity, phylogenetic diversity,43

trophic cascade, ants, resource diversity44

Introduction45

Habitat loss has been, and still is, the greatest threat to global biodiversity (Balmford et al. 2005;46

Rands et al. 2010). When analyzing the threats to biodiversity, it is important to consider the47

e↵ects of larger spatial scales on the species composition of local ecological communities (Fahrig48

2001; Ricklefs 2008). As the amount of natural habitat in anthropologically modified landscapes49

declines, continuous habitat is usually broken into multiple smaller fragments (Gardner & O’Neill50

1991) and the average distances between habitat fragments increases (With & Crist 1995). This51

increases the importance of ecological drift, while recolonization counterbalancing stochastic local52

extinctions decreases. Moreover, a greater exposure to human land uses is likely to influence53

community assembly processes in habitat remnants (Mack & D’Antonio 1998).54

Communities post-habitat loss are in a process of disassembly and assembly, i.e., stochastic55

and deterministic local species extinction and colonization occur simultaneously (Diamond56
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1975; Connell & Slatyer 1977; Ostfeld & LoGiudice 2003; Zavaleta et al. 2009). Driven by57

anthropogenic stressors, the species favoured during assembly typically di↵er from those lost58

during disassembly (Zavaleta et al. 2009). Favoured species are disturbance tolerant, widely59

distributed and sometimes cosmopolitan, ruderal or exotic species, whereas the species lost are60

rare, specialist, endemic or narrowly distributed native species (Naaf & Wulf 2010; Tabarelli61

et al. 2012). This human induced process of replacement of species types typically leads62

to biotic homogenization (McKinney & Lockwood 1999; Tabarelli et al. 2012), i.e., reduced63

beta-diversity (taxonomic homogenization) and/or increased ecological similarity of species64

(ecological homogenization) (Olden & Rooney 2006). Increased ecological similarity of species65

may be the result of nonrandom extinctions that are not only restricted to endemic and rare66

species but to species of particular guilds or evolutionary lineages, in which traits prone to67

habitat loss are conserved (Heard & Mooers 2000; Winter et al. 2009).68

If evolutionary lineages of primary producers are lost post-habitat loss, this will likely a↵ect69

associated mutualists and antagonists as well (Dinnage et al. 2012). For instance, many herbivores70

show phylogenetic structure in their diets – they feed on groups of closely related genera or71

species (Ødegaard et al. 2005; Weiblen et al. 2006) – or respond to the diversity of resources, i.e.,72

plant traits (Armbrecht et al. 2004). Thus, plant biotic homogenization may lead to bottom73

up e↵ects and/or trophic cascades, in which community reorganization is not only restricted74

to plants but perpetuates through all trophic levels. Biotic homogenization may thus collapse75

intricate networks of interactions of various trophic levels, result in taxonomic, ecological and76

genetic impoverishment and thereby reduce ecosystem functioning and resilience (Olden 2006;77

Norden et al. 2009; Cadotte et al. 2012; Fraser et al. 2015).78

79

Given the fast rate of land use change in many regions of the world, including southern Brazil80

(Overbeck et al. 2015), there is an urgent need to understand at which amount of habitat loss81

these processes unfold. There is empirical evidence for considerable local extinctions to occur82

with severe rates of habitat loss, e.g., when the remaining landscape area is below 10 to 30%83

(Cousins et al. 2003). However, there is few and less coherent information on biodiversity erosion84

under less dramatic dimensions of habitat loss.85

Due to their fertile soils and favourable topographic features the temperate grassland biome86

has become the most extensively modified ecosystem by man (Henwood 1998). The grasslands87
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of South Brazil, Argentina and Uruguay are jointly one of the largest temperate grasslands88

regions in the world and the most extensive in South America (Soriano et al. 1991). In Brazil’s89

southernmost state, Rio Grande do Sul, these grasslands are named Campos Sulinos or simply90

Campos (Lindman 1906). While harbouring high levels of biodiversity – estimates reach a total91

number of 3000 grassland plant species (Boldrini 1997) – and endemism, the Campos of Rio92

Grande do Sul have lost 50% of their original distribution in only 35 years from 1970 to 200593

due to agri- and silvicultural expansion (Cordeiro & Hasenack 2009). This contrasts with a low94

protection level: A negligible percentage of 2.58% of Campos area is protected in Rio Grande do95

Sul (T. Brandão et al. 2008). In fact, Brazil’s Pampa biome, i.e the Campos in the southern half96

of Rio Grande do Sul State, presents the highest Conservation Risk Index of all Brazilian biomes97

(Overbeck et al. 2015).98

99

Here we used data from a large-scale biodiversity survey carried out in the Campos of Rio100

Grande do Sul and investigated di↵erent aspects of community organization. We hypothesized101

that slight levels of habitat losses – i.e., up to 50%, the current overall level of landscape change102

in the region – may already lead to locally species poorer plant communities. We then asked if103

this species loss may be due to taxonomic homogenization because of altered community assembly104

post-habitat loss. For this, we disentangled overall beta-diversity into its antithetic species gain105

(turnover) and species loss (nestedness) components. We expected a decline of species turnover106

and a simultaneous increase of nestedness in response to habitat loss. Further, we addressed107

plant community composition from an evolutionary perspective. We expected ecologically more108

similar local plant communities due to nonrandom species loss, thus a decrease in phylogenetic109

diversity (Nee & May 1997), measured at the basal nodes and at the tips of the plant community’s110

phylogeny. Given the shared evolutionary history of particular plant clades with their mutualists111

and antagonists, we expected more habitat and/or feeding niches for consumer communities112

in phylogenetically more diverse plant communities. We used ants as model system since they113

comprise high levels of association with plants, benefiting both from plant-derived food resources114

and also herbivore insects as prey (Mayer et al. 2014). We expected declines in ant richness if115

plant evolutionary lineages are lost post-habitat loss.116
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Methods117

Study Region118

Climate in the Campos Sulinos region in Rio Grande do Sul is humid subtropical with warm119

summers and no pronounced dry seasons (mostly Koeppen’s Cfa, at higher altitutdes Cfb (Alvares120

et al. 2013)). An existing sampling unit network of the Campos from Brazil’s National System121

of Research on Biodiversity (Sistema Nacional de Pesquisa em Biodiversidade, SISBIOTA) was122

used to study the e↵ect of landscape habitat amount on local biodiversity. SISBIOTA sampling123

units cover the natural distribution of the Campos (based on do RADAMBRASIL, IBGE (1986)).124

Here we focussed on sampling units located in Rio Grande do Sul with more than 50% Campos125

habitat. Landsat 5 satellite images (from 2009) for the entire territory of Rio Grande do Sul were126

georeferenced to identify and evaluate the spatial distribution of land use/cover types. CartaLinx127

was used for visual interpretation and ArcView GIS 3.2 for mapping of land use/cover types.128

A total of 24 landscape sampling units with more than 50% Campos area was selected from129

SISBIOTA (Fig. 1).130

Figure 1 – Location of the 24 landscape sampling units (more than 50% remaining Campos area)
in Rio Grande do Sul.

Landscape sampling units were delimited to approximately 2 x 2 km. Within each landscape131

sampling unit three local sampling units (70 x 70 m) were established inside the boundary of132

Campos remnants. The distribution of local sampling units within each landscape sampling133

unit followed judgement by botanists and operational criteria (presence of natural grassland,134

accessibility and permission). The average condition of these three local sampling units is to135
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represent a local community in the respective landscape. Since there was a strong negative136

correlation between Campos area and agricultural area (r = �0.798), we used Campos area as137

predictor variable and not Campos loss, as the latter references to di↵ering amounts of original138

Campos area and as other non-natural land uses might also play a role, in addition to agricultural139

area.140

Data collection141

Vegetation data Data collection took place from 2011 to 2013 during spring and early summer.142

Vegetation data, confined to angiosperms, was sampled in each landscape sampling unit, recorded143

in 9 plots of 1 x 1 m, systematically allocated in a grid of 3 x 3 with 17 m spacing, in each144

local sampling unit. Species were identified in the field, unidentified species were collected for145

subsequent identification with the help of bibliography, consultation of the ICN Herbarium (Porto146

Alegre, Brazil).147

Arthropods Sampling of arthropods was carried out in 14 landscape sampling units during148

spring and summer of 2011 and 2012. Sampling occurred between 09:30am and 4:30pm under149

sunny and dry weather conditions. Each local sampling unit was sampled by sweeping the150

grassland vegetation with a net (50 cm large; 0.1 m2) along four transections, totaling about 120151

pendulum sweeps. Arthropods were stored in containers with alcohol 70% and brought to the152

lab, where all ants (Formicidae) were sorted and identified to genera.153

Quantitative Analysis154

Species Richness All quantitative analyses were performed in R version 3.3.2 (R Core Team155

2014). To estimate species richness for each of the three local sampling units, we calculated Chao156

2 (Chao 1987; Colwell & Coddington 1994) for occurence data from multiple samples (n = 9)157

using specpool in package vegan (Oksanen et al. 2015). Values were averaged for the landscape158

sampling unit. Chao 2 was regressed on landscape Campos area (%).159

Beta-Diversity Multiple site dissimilarity and its partitioning into turnover and nestedness160

components were calculated for each of the three local sampling units (n = 9) using the package161

betapart (Baselga & Orme 2012) and averaged for the respective landscape sampling unit. The162
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dissimilarity measures used were multiple site versions of the Sørensen dissimilarity index (�SOR),163

and their turnover (Simpson index of dissimilarity, �SIM) and nestedness (nestedness resultant164

index of dissimilarity, �SNE) components (Baselga 2010). These measures were regressed on165

landscape Campos area (%).166

Phylogenetic Diversity A hypothesized phylogenetic tree for the plant species occurring in167

the sampled area was constructed using the Phylomatic tree version R20031202 software (Webb &168

Donoghue 2005) with the Angiosperm Phylogeny Group classification III (APG III 2009). Branch169

lengths to the phylogenetic tree were assigned using the branch length adjustment function BLADJ170

of the Phylocom version 4.2 software package (Webb et al. 2008), creating a pseudochrono-gram171

with branch lengths based on clade ages reported by Wikström et al. (2001).172

The phylogenetic structure was calculated using the Standardized E↵ect Sizes for Mean Pairwise173

Distance (SES MPD) and Mean Nearest Taxon Distance (SES MNTD). These indices quantify174

how strongly the phylogenetic relatedness of a set of co-occurring species deviates from a null175

expectation. SES MPD measures the overall distance of taxonomic clades present in a community176

and is strongly influenced by branch lengths at the deepest nodes of the phylogeny and as such177

sensitive to replacement of taxa that di↵er in broad taxonomic placement. SES MNTD provides178

a measure of the average distances between each species and its nearest phylogenetic neighbour in179

the community. SES MNTD is sensitive to replacement of closely related taxa and is much less180

sensitive to changes at the basal nodes of the phylogeny. If phylogenetic distance is assumed a181

proxy of ecological similarity, i.e., closely related species exhibit similar traits (trait convergence)182

(Webb 2000), SES MNTD is a proxy of how ecologically similar two co-occurring species are183

and SES MPD is a proxy of the ecological similarity of an entire community. SES MPD and184

SES MNTD were calculated with the package picante (functions ses.mpd and ses.mntd) by185

comparing the observed phylogenetic relatedness to a null model that randomly draws species186

while keeping sample species richness constant (null model "richness" in picante) (Kembel187

et al. 2010). The phylogenetic structure was calculated for each of the three local sampling188

units and averaged for the respective landscape sampling unit. SES MPD and SES MNTD were189

regressed on landscape Campos area (%).190
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Trophic Cascades Ant data from transects was pooled for each of the three local sampling191

units and averaged for the landscape sampling unit. We used ant generic richness instead of192

species richness to put a higher magnitude on potential biological diversity loss, since genera193

regionally comprise many species. Ant generic richness was regressed on phylogenetic diversity194

(SES MPD and SES MNTD) of the respective plant community reflecting both the importance195

of nonsubstitutable specific evolutionary lineages (Mayer et al. 2014) and resource diversity196

(Armbrecht et al. 2004).197

Regressions We applied robust inferential methods, which perform well with relatively small198

sample sizes, where data often slightly departs from normality assumptions. Robust methods199

mitigate the e↵ect of single influential data points and heteroscedasticity, i.e., whereas ordinary200

least square regression breaks down quickly when error distributions are heavy-tailed, robust201

regression does not. Robust regression was performed as implemented by lmrob of the package202

robustbase (Rousseeuw et al. 2015). The Robust Wald Test was used for an analysis of variance203

(anova), comparing the model with estimates for intercept and landscape Campos amount to204

the model with the intercept estimate only. E↵ect size r was calculated for each regression.205

Confidence intervals of r were obtained via Fisher’s z-transformation and classified following206

Cohen’s e↵ect size benchmarks (Cohen 1977).207

Results208

Species Richness We found that local species richness was significantly related to landscape209

Campos area (%). Landscapes with little Campos cover had locally less species than those210

landscapes with a high proportion of Campos (df = 22, adjusted R2 = 0.18, p = 0.022) (Fig. 2211

and Tab. 1).212

�-diversity Only when overall beta-diversity (�SOR) was disentangled into its species turnover213

(�SIM) and nestedness (�SNE) components, the e↵ect of landscape Campos area (%) on floristic214

heterogeneity was revealed. Landscape Campos area (%) significantly explained variation of215

the multiple-site dissimilarity indices �SIM and �SNE. Whereas Sørensen dissimilarity (�SOR)216

remained constant (df = 22, adjusted R2 = 0.06, p = 0.141), �SIM increased (df = 22, adjusted217
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Figure 2 – Relationship between local species richness and landscape Campos area (%). Hatched
lines represent the 95% confidence boundaries.

R2 = 0.12, p = 0.043) and �SNE decreased (df = 22, adjusted R2 = 0.26, p = 0.002) with218

landscape Campos area (%) (Fig. 3 and Tab. 1).219
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Figure 3 – Relationship between local floristic heterogeneity ((a) �SOR, (b) �SIM, (c) �SNE

multiple site dissimilarities) and landscape Campos area (%). Hatched lines represent the 95%
confidence boundaries.

Phylogenetic Diversity Landscape Campos area (%) was significantly related to the overall220

distance of taxonomic clades present in a local community, measured by SES MPD (df = 22,221

adjusted R2 = 0.18, p = 0.049), as were the average distances between each species and its nearest222

phylogenetic neighbour in the community, measured by SES MNTD (df = 22, adjusted R2 = 0.5,223

p  0.001) (Fig. 4 and Tab. 1). Local plant communities were increasingly phylogenetically224

clustered in landscapes with less Campos area (%).225
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Figure 4 – Relationship between local phylogenetic relatedness ((a) SES MPD: standard e↵ect size
for mean pairwise distance, (b) SES MNTD: standard e↵ect size for mean nearest taxon distance)
and landscape Campos area (%). Hatched lines represent the 95% confidence boundaries.

Tabela 1 – Parameter estimates with standard errors, test statistics and e↵ect sizes with 95%
confidence intervals for the relationship between landscape Campos area (%) and species richness
(Chao 2), beta-diversity (�SOR) and beta-diversity components (turnover �SIM and nestedness
�SNE), and phylogenetic diversity (SES MPD and SES MNTD) of local plant communities.

Dependent variable:

Chao 2 �SOR �SIM �SNE SES MPD SES MNTD

(1) (2) (3) (4) (5) (6)

Campos (%) 0.781⇤ 0.001 0.001⇤ �0.0004⇤⇤ 0.058⇤ 0.037⇤⇤⇤

(0.317) (0.0003) (0.0004) (0.0001) (0.028) (0.008)

Constant 38.888 0.713⇤⇤⇤ 0.639⇤⇤⇤ 0.073⇤⇤⇤ �7.234⇤⇤ �3.652⇤⇤⇤

(28.471) (0.025) (0.033) (0.010) (2.447) (0.637)

Observations 24 24 24 24 24 24
R2 0.216 0.097 0.160 0.291 0.217 0.520
Adjusted R2 0.180 0.056 0.122 0.259 0.182 0.498
Res. SE (df=22) 20.583 0.022 0.028 0.010 1.635 0.474
Wald 6.047⇤ 2.329 4.618⇤ 12.573⇤⇤⇤ 4.345⇤ 20.043⇤⇤⇤

E↵ect size r 0.46 0.31 0.42 0.60 0.41 0.69
95% CI of r 0.39, 0.90 0.21, 0.79 0.40, 0.87 0.45, 0.96 0.40, 0.87 0.37, 0.98
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Trophic Cascade SES MPD, being more sensitive to the overall distance of taxonomic clades226

present in a community and to replacement of taxa that di↵er in broad taxonomic placement, did227

not significantly explain variation in ant generic richness (df = 12, adjusted R2 = 0, p  0.259).228

SES MNTD, a measure sensitive to replacement of closely related taxa and much less sensitive229

to changes at the basal nodes of the phylogeny, significantly predicted generic richness of ant230

(df = 12, adjusted R2 = 0.31, p  0.012) (Fig. 5 and Tab. 2).231
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Tabela 2 – Parameter estimates with stan-
dard errors, test statistics and e↵ect sizes
with 95% confidence intervals for the relati-
onship between plant phylogenetic diversity
(SES MPD, SES MNTD) and ant generic
richness.

Dependent variable:

Generic Richness

(1) (2)

SES MPD 0.087
(0.073)

SES MNTD 0.926⇤

(0.312)

Constant 3.465⇤⇤⇤ 3.871⇤⇤⇤

(0.348) (0.321)

Observations 14 14
R

2 0.030 0.365
Adjusted R

2 0 0.312
Res. SE (df=12) 1.201 0.843
Wald 1.405 8.821⇤⇤

E↵ect size r 0.32 0.65
95% CI of r 0.07, 0.86 0.53, 0.98

Figure 5 – Relationship between local ant generic richness and phylogenetic diversity ((a) SES
MPD and (b) SES MNTD) of local plant communities. Hatched lines represent the 95% confidence
boundaries.
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Discussion232

Using data from the South Brazilian grasslands that in recent years have been subjected to233

extensive land-use changes, we show that landscape habitat amount explains variation in species234

richness, beta-diversity components and phylogenetic diversity of local plant communities. Our235

results suggest that local plant communities respond to even slight landscape habitat loss ( 50%).236

We found species poorer (Fig. 2 and Tab. 1), more homogenized (Fig. 3 and Tab. 1) and237

phylogenetically less diverse (Fig. 4 and Tab. 1) local plant communities in landscapes with less238

Campos habitat. Ants, a taxa with high levels of plant associations (or interactions), responded239

to changes in plant community phylogenetic structure (Fig. 5 and Tab. 2). This suggests that240

e↵ects of habitat loss may perpetuate to higher tropic levels.241

Species Richness Species poorer local plant communities in landscapes with less Campos242

amount may be the result of at least four processes (i) stochastic local extinctions due to smaller243

population sizes (Orrock & Watling 2010), (ii) lower recolonization rates due to decreased habitat244

connectivity (Haddad et al. 2015), (iii) taxonomic homogenization, as generalist species that are245

widely distributed in the changed landscape replace more specialist grassland species (Tabarelli246

et al. 2012) and (iv) nonrandom local extinctions, i.e., particular evolutionary lineages are more247

prone to e↵ects of habitat loss (Nee & May 1997; Winter et al. 2009) leading to ecological248

homogenization. All here suggested processes are likely to account in orchestrated fashion to249

observed pattern. To regard underlying processes in more detail, we investigated beta-diversity250

and phylogenetic diversity metrics. Beta-diversity may detail on whether observed species loss is251

stochastic (increased beta-diversity (Segre et al. 2014)) or rather due to ”winner-loser”replacement252

(decreased beta-diversity). Measures of phylogenetic diversity may support whether species loss253

is stochastic or nonrandom (Nee & May 1997; Purvis et al. 2000), thereby furthermore allowing254

inference about ecological homogenization (Cavender-Bares et al. 2009).255

Beta-Diversity If overall beta-diversity, which remained unaltered by landscape habitat amount,256

were not disentangled into its species turnover and nestedness components, we would have errone-257

ously concluded that local floristic variation remained similar across landscapes with di↵ering258

habitat amount. However, the correlation between Campos amount and overall beta-diversity259

components, species turnover and nestedness, were both significant with medium e↵ect sizes. Spe-260
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cies turnover decreased with decreasing landscape habitat amount, whereas nestedness increased261

(Fig. 3 and Tab. 1), suggesting taxonomically more homogenized local plant communities in262

landscapes with less Campos.263

The pattern of decreased turnover and increased nestedness is generally attributed to the per-264

sistence and proliferation of disturbance tolerant, abundant and/or widespread species, and the265

extinction of narrowly distributed species with small populations. However, a greater exposure266

to anthropogenic land uses may also increase the propagule pressure of exotic species and thus267

the potential of biological invasions (Mack & D’Antonio 1998). Exotic species establishment and268

spread may then additionally account for taxonomic homogenization. A recent study using data269

from the same sampling network in Rio Grande do Sul showed that the four most problematic270

alien species invading natural grasslands respond positively to decreasing Campos cover in the271

surrounding landscape (Guido et al. 2016). This makes a case that observed taxonomic homo-272

genization may in part be due to a few highly-resilient exotic species replacing multiple rare,273

specialist species – in our study 24 species were identified as exotic (classification according to274

Rolim et al. (2015)). Upon establishment, exotic species may disperse and proliferate in remnant275

habitat, thereby establishing a gradient of occurrence probability being highest closer to habitat276

edge (With 2002), increasing nestedness and decreasing turnover.277

That taxonomic homogenization of grassland communities at the focal spatial scale, i.e., within278

a locality, may occur as a result of exotic species proliferation finds empirical support from279

exotic-dominated prairie grasslands, which – when compared to native grasslands – reveal lower280

beta-diversity locally (Martin & Wilsey 2015).281

Phylogenetic Diversity We found that landscape Campos amount significantly explained282

variation in local phylogenetic diversity. We investigated phylogenetic structural changes at283

basal branches (SES MPD) and tips (SES MNTD) of the focal phylogeny. Both SES MPD284

and SES MNTD declined with landscape Campos amount (Fig. 4 and Tab. 1). This suggests285

that local extinctions occur nonrandomly in landscapes with less habitat amount: particular286

evolutionary lineages erode leading to phylogenetic clustering. There is growing evidence that287

phylogenetic diversity, and niche di↵erentiation is positively related to primary productivity in288

plant communities (Cadotte et al. 2008). A loss of evolutionary history may thus a↵ect facets of289

ecosystem functioning. Moreover, as greater evolutionary diversity bu↵ers ecosystems against290
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environmental variation, a loss of evolutionary information may ultimately result in decreased291

ecosystem resilience (Cadotte et al. 2012).292

Albeit currently compiled, there was yet no su�cient amount of trait data available for the293

majority of sampled plant species. Therefore, we did not investigate the phylogenetic signal of key294

functional traits. However phylogenetic conservation of ecologically important traits is common in295

plants (Futuyma & Agrawal 2009; Wiens et al. 2010). Under the assumption of trait conservatism,296

we can hypothesize that certain traits are selected for by the e↵ects of landscape habitat loss,297

for instance a specific agricultural disturbance regimen, land-use history and management may298

select for species with high seed production and specific leaf area (Dinnage et al. 2012). Further299

research should investigate whether there is a reducible identity of particular functional traits that300

subjects plants to local extinction in disturbed environments. This link to functional diversity301

may potentially enable predicting trajectories in other systems undergoing habitat loss and302

fragmentation.303

Trophic Cascade As phylogenetic diversity of the local plant community declines, we found304

that ant generic richness follows. While not related to SES MPD, ant generic richness responded305

to SES MNTD (Fig. 5 and Tab. 2). Formicidae is a family having thus a comparably low306

taxonomic rank. Its taxonomic associations to plants are likely restricted to a range of closely307

related genera or species, i.e., ants rather responds to changes at the tips (SES MNTD) than to308

changes at the basal nodes (SES MPD) of the phylogeny. Although the model estimates the loss309

of only up to 2 ant genera in phylogenetically less diverse plant communities, this represents a310

diversity loss of 50% and may further have magnified e↵ects on ant species richness.311

Since (i) the strong relationship of SES MNTD to landscape Campos amount suggests with312

habitat loss species pertain to fewer genera in plant communities, and (ii) ants responded to this313

loss of lineage diversity, we infer that niche dimensions of ants are locally lost in landscapes with314

less Campos amount. For instance, sampled genera such as Pseudomyrex, Myrmelachista and315

Cephalotes that have specialized nesting requirements (C. R. Brandão et al. 2012) may respond316

to the loss of specific evolutionary lineages, whereas sampled genera with broader niches, such as317

Camponotus or Pheidole, may respond to phylogenetic diversity as proxy for resource diversity318

(Armbrecht et al. 2004).319

We argue that the loss of more distantly related plant species (SES MPD decreases with landscape320
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Campos amount, too) is likely to a↵ect the host range of a variety of herbivores. Regarding the321

link between plant phylogenetic diversity and plant productivity, a decrease in productivity322

may reduce resource volumes for herbivores and consequently their abundance, a↵ecting then323

predators and parasitoids (Dinnage et al. 2012). While we here elaborate on only a single taxa324

of higher trophic hierarchy, future research should investigate if broader taxonomic levels, e.g.,325

birds, amphibians or mammals, respond to habitat loss in the Campos Sulinos too, and at what326

focal spatial scale. For instance, grassland specialist birds may be more reliant on Campos cover327

at larger spatial scales and this would have important implications for conservation.328

329

Conclusions330

We conclude that species loss, taxonomic homogenization and the loss of phylogenetic diversity of331

plant communities of the Campos Sulinos may occur at even slight habitat loss scenarios, and332

that changes in plant community structure may perpetuate to higher trophic levels. Our results333

suggest that species loss can be linked to taxonomic homogenization, in which species are replaced334

and go extinct nonrandomly, leading to ecologically more similar plant communities. Since losses335

of phylogenetic information are linked to declines of ecosystem functions, e.g., plant productivity,336

and since greater evolutionary diversity bu↵ers ecosystems against environmental variation, we337

ultimately expect that ecosystem resilience, not only in respect to environmental change but also338

when recovering from a di↵erent land use, may decrease. We here provide empirical evidence339

that the biological diversity of the Campos Sulinos is at risk under the current rate of land-use340

conversion. We emphasize the urgency of a higher representation of the Campos Sulinos in341

conservation units and a more restrictive policy framework for land-use change authorizations in342

Rio Grande do Sul.343
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Guido, Anaclara, Vélez-Martin, Eduardo, Overbeck, Gerhard E & Pillar, Valério D. Landscape
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Conclusões Finais

Conclui-se que a perda de espécies, a homogeneização taxonômica e a perda de diversidade

filogenética de comunidades vegetais de Campos Sulinos podem ocorrer mesmo em consequência

de perdas moderadas de habitat e que mudanças na estrutura da comunidade vegetal podem

perpetuar para ńıveis tróficos mais altos. Nossos resultados sugerem que a perda de espécies pode

ser atribúıda à homogeneização taxonômica, na qual as espécies são substitúıdas e extintas de

forma não-aleatória, levando a comunidade vegetal ecologicamente mais semelhante. Como as

perdas de informação filogenética estão ligadas a decĺınios das funções dos ecossistemas, e.g., a

produtividade das plantas, e como uma maior diversidade evolutiva amortece os ecossistemas

contra variações ambientais, esperamos que a resiliência do ecossistema, não somente com relação

à alteração ambiental, mas também quando recupera-se após conversão do uso do solo, pode

diminuir. Aqui fornecemos evidências emṕıricas de que a diversidade biológica dos Campos Sulinos

está em risco sob a atual taxa de conversão de uso do solo. Ressaltamos a urgência de uma maior

representação dos Campos Sulinos em unidades de conservação no Rio Grande do Sul.
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Apêndices

Locais de amostragem

Unidade SISBIOTA № Munićıpio Latitude Longitude

10 Candiota -31.511 -53.664
11 Dom Pedrito -30.955 -54.379
13 Júlio de Castilhos -29.320 -53.814
14 Aceguá -31.797 -54.173
15 Aceguá -31.767 -54.030
17 Palmares do Sul -30.500 -50.421
19 Cachoeira do Sul -30.297 -52.766
20 Alegrete -29.778 -56.014
21 Alegrete -30.058 -55.985
22 Vacaria -28.194 -51.018
23 São Francisco de Paula -29.193 -50.769
24 São José dos Ausentes -28.615 -49.827
25 Pinheiro Machado (Torrinhas) -31.305 -53.572
26 Pinheiro Machado (Sul) -31.588 -53.531
28 São Borja -28.852 -55.633
31 Jaguarão -32.377 -53.370
32 Arroio Grande -32.255 -53.225
34 São Gabriel -30.148 -54.618
35 Alegrete -29.665 -55.384
36 Alegrete -29.799 -55.317
37 São Francisco de Paula -29.149 -50.279
38 Caçapava do Sul -30.292 -53.457
39 Tupanciretã -29.035 -54.123
40 Soledade -28.872 -52.462

Análise Filogenética: Arquivo Newick
(((((((((((((((((((((((Euphorbia.stenophylla:37.438725,Euphorbia.papillosa:37.438725,Euphorbia.peperomioides:37.438725,Euphorbia.po

tentilloides:37.438725,Euphorbia.selloi:37.438725)Euphorbia:37.438725,(Jatropha.isabelliae:37.438725)Jatropha:37.438725,(Manihot.hu

nzikeriana:37.438725)Manihot:37.438725,(Microstachys.hispida:37.438725)Microstachys:37.438725,(Tragia.bahiensis:37.438725,Tragia.ge

raniifolia:37.438725)Tragia:37.438725,(Acalypha.communis:37.438725)Acalypha:37.438725,(Croton.aberrans:37.438725,Croton.echinulatus

:37.438725,Croton.glechomifolius:37.438725,Croton.lanatus:37.438725,Croton.parvifolius:37.438725,Croton.subpannosus:37.438725)Croto

n:37.438725,(Ditaxis.acaulis:37.438725)Ditaxis:37.438725)euphorbiaceae:37.438728):37.438721,(((Janusia.guaranitica:37.438725)Janusi

a:37.438725,(Aspicarpa.pulchella:37.438725)Aspicarpa:37.438725)malpighiaceae:37.438728):37.438721,(((((Hypericum.brasiliense:24.959

148,Hypericum.connatum:24.959148,Hypericum.gentianoides:24.959148)Hypericum:24.959148)hypericaceae:24.959152):24.959145):24.959152)

:24.959152,(((((Pombalia.bicolor:24.959150)Pombalia:24.959150)violaceae:24.959148):24.959152):24.959145):24.959152,((Cliococca.sela
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ginoides:49.918301)Cliococca:49.918301,(Linum.brevifolium:49.918301)Linum:49.918301)linaceae:49.918297)malpighiales:24.959137,(((((

Oxalis.articulata:29.119005,Oxalis.bipartita:29.119005,Oxalis.brasiliensis:29.119005,Oxalis.conorrhiza:29.119005,Oxalis.eriocarpa:2

9.119005,Oxalis.floribunda:29.119005,Oxalis.hispidula:29.119005,Oxalis.lasiopetala:29.119005,Oxalis.perdicaria:29.119005)Oxalis:29.

119005)oxalidaceae:29.119007):29.119003):29.119011)oxalidales:29.119003):24.959152)celastrales to malpighiales:24.959152,((((((((((

((((((((((((Lotus.corniculatus:14.300202,Lotus.uliginosus:14.300202)lotus:14.300202):14.300203):14.300201)loteae:14.300205,(Sesbani

a.punicea:35.750507)sesbania:35.750507):14.300201):14.300201,(((((((((Trifolium.polymorphum:16.683569,Trifolium.repens:16.683569,Tr

ifolium.riograndense:16.683569)trifolium:16.683569,(((Lathyrus.subulatus:8.341784)lathyrus:8.341784):8.341785):8.341784):8.341785):

8.341785):8.341782):8.341785):8.341782):8.341789):8.341782)irlc:8.341789):8.341782,(((((((((((((Macroptilium.prostratum:7.745943,Ma

croptilium.psammodes:7.745943)macroptilium:7.745943):7.745943,(Vigna.longifolia:11.618915,Vigna.luteola:11.618915)vigna:11.618915):

7.745943):7.745941)phaseolinae:7.745945):7.745941):7.745945,((Rhynchosia.corylifolia:20.655848,Rhynchosia.diversifolia:20.655848,Rh

ynchosia.lineata:20.655848,Rhynchosia.senna:20.655848)rhynchosia:20.655848,(Eriosema.tacuaremboense:20.655848)eriosema:20.655848)ca

janinae:20.655849):7.745941):7.745941,(((((((Desmodium.adscendens:9.682428,Desmodium.barbatum:9.682428,Desmodium.craspediferum:9.68

2428,Desmodium.incanum:9.682428,Desmodium.uncinatum:9.682428)desmodium:9.682428):9.682428):9.682428)desmodieae:9.682426):9.682430):

9.682430):9.682426):7.745949,((Centrosema.virginianum:28.401793)centrosema:28.401793,(Clitoria.nana:28.401793)clitoria:28.401793)cl

itorinae:28.401791)phaseoloids:7.745941,(((((((Tephrosia.adunca:11.618915)tephrosia:11.618915):11.618914):11.618916):11.618916)mill

ettioids:11.618912,(((Galactia.gracillima:17.428371,Galactia.marginalis:17.428371,Galactia.neesii:17.428371,Galactia.pretiosa:17.42

8371)galactia:17.428371):17.428371)galactinae:17.428371):11.618919):11.618912):7.745941,((((Indigofera.asperifolia:20.139452,Indigo

fera.sabulicola:20.139452)indigofera:20.139452):20.139450):20.139454)indigofereae:20.139450):7.745941):7.745949):7.745941):7.745941

,(((((Adesmia.araujoi:29.262451,Adesmia.bicolor:29.262451,Adesmia.ciliata:29.262451,Adesmia.incana:29.262451,Adesmia.tristis:29.262

451)adesmia:29.262451,(Zornia.linearifoliolata:29.262451,Zornia.multinervosa:29.262451,Zornia.orbiculata:29.262451,Zornia.ramboiana

:29.262451)zornia:29.262451)adesmia group:29.262451,(((((Stylosanthes.leiocarpa:14.631226,Stylosanthes.montevidensis:14.631226)styl

osanthes:14.631226,(Arachis.burkartii:14.631226)arachis:14.631226):14.631226):14.631226)pterocarpus group:14.631226):14.631226)dalb

ergieae:14.631226):14.631226):14.631226,(((((((((Crotalaria.hilariana:13.168103,Crotalaria.tweediana:13.168103)crotalaria:13.168103

):13.168104):13.168102)crotalarieae:13.168102):13.168106):13.168098):13.168106):13.168098)genistoids:13.168106):7.745941):7.745941)

:7.745941):7.745941)papilionoideae:7.745956,(((((((((((((((Mimosa.dolens:10.650672,Mimosa.dutrae:10.650672,Mimosa.paupera:10.650672

,Mimosa.pauperoides:10.650672)mimosa:10.650672)piptadenia group:10.650671):10.650673,((Desmanthus.tatuyensis:14.200896,Desmanthus.v

irgatus:14.200896)desmanthus:14.200896)leucaenae group:14.200895):10.650673):10.650669):10.650673):10.650673):10.650673):10.650673)

mimosoids:10.650673):10.650665):10.650681,(((Chamaecrista.repens:34.614685)chamaecrista:34.614685)cassiinae:34.614685):34.614685):1

0.650665):10.650681):10.650665):7.745941):7.745941):7.745941,(Aeschynomene.elegans:96.824287,Aeschynomene.falcata:96.824287)Aeschyn

omene:96.824287,(Ancistrotropis.peduncularis:96.824287)Ancistrotropis:96.824287)fabaceae:7.745941,(((Polygala.adenophylla:50.348629

,Polygala.australis:50.348629,Polygala.brasiliensis:50.348629,Polygala.duarteana:50.348629,Polygala.linoides:50.348629,Polygala.mol

luginifolia:50.348629,Polygala.pulchella:50.348629,Polygala.pumila:50.348629,Polygala.riograndensis:50.348629,Polygala.sabulosa:50

.348629,Polygala.timoutoides:50.348629)Polygala:50.348629)polygalaceae:50.348625):50.348633):7.745941)fabales:7.745941,((((Acaena.e

upatoria:63.258533)Acaena:63.258533)rosaceae:63.258537,(((((((((((((Dorstenia.brasiliensis:13.555400)dorstenia:13.555400):13.555399

):13.555401):13.555401):13.555397):13.555405):13.555397):13.555397)moraceae:13.555405):13.555405):13.555389):13.555405):13.555405)r

osales:13.555389):13.555405):7.745941):7.745956)fabids:7.745941,(((((((((((Schinus.weinmannifolius:23.643946)Schinus:23.643946)anac

ardiaceae:23.643948):23.643944):23.643944):23.643951):23.643936)sapindales:23.643951,(((((((Ayenia.mansfeldiana:30.881889)Ayenia:30

.881889,(Byttneria.scabra:30.881889)Byttneria:30.881889,(Krapovickasia.flavescens:30.881889,Krapovickasia.macrodon:30.881889)Krapov

ickasia:30.881889,(Modiola.caroliniana:30.881889)Modiola:30.881889,(Pavonia.glechomoides:30.881889)Pavonia:30.881889,(Rhynchosida.p

hysocalyx:30.881889)Rhynchosida:30.881889,(Sida.dubia:30.881889,Sida.pseudorubifolia:30.881889,Sida.rhombifolia:30.881889,Sida.viar

um:30.881889)Sida:30.881889,(Turnera.sidoides:30.881889)Turnera:30.881889,(Waltheria.communis:30.881889)Waltheria:30.881889)malvace

ae:30.881889,(((Helianthemum.brasiliense:23.161417)Helianthemum:23.161417)cistaceae:23.161411):23.161423):23.161415):23.161407)malv

ales:23.161423,(((((((((((Cardamine.chenopodiifolia:13.510826)Cardamine:13.510826,(Lepidium.aletes:13.510826,Lepidium.bonariense:13

.510826,Lepidium.serratum:13.510826)Lepidium:13.510826)brassicaceae:13.510826):13.510826):13.510826):13.510826):13.510826):13.51082

6):13.510834):13.510818):13.510834)brassicales:13.510818)malvales to brassicales:13.510834)huerteales to brassicales:13.510818):13.5

10834):13.510818):13.510834,(((((((((((((((((((((Psidium.salutare:10.440185,Psidium.australe:10.440185,Psidium.cattleyanum:10.44018

5,Psidium.incanum:10.440185,Psidium.luridum:10.440185)psidium:10.440185,(Campomanesia.aurea:10.440185)campomanesia:10.440185):10.44

0184):10.440186):10.440182)pimentagroup:10.440186,((Eugenia.anomala:20.880369,Eugenia.arenosa:20.880369)eugenia:20.880369)eugeniagr

oup:20.880367):10.440186):10.440186):10.440178):10.440186):10.440186)myrteae:10.440186)myrteaestem:10.440186):10.440186):10.440186)

:10.440186)myrtaceae:10.440186):10.440170,(((Acisanthera.alsinaefolia:46.980827)Acisanthera:46.980827,(Leandra.humilis:46.980827)Le

andra:46.980827,(Tibouchina.debilis:46.980827,Tibouchina.gracilis:46.980827)Tibouchina:46.980827)melastomataceae:46.980820):46.9808

35):10.440186,(((Ludwigia.decurrens:49.590874,Ludwigia.grandiflora:49.590874,Ludwigia.multinervia:49.590874,Ludwigia.octovalvis:49

.590874,Ludwigia.peploides:49.590874)Ludwigia:49.590874,(Oenothera.indecora:49.590874)Oenothera:49.590874)onagraceae:49.590866,((Cu

phea.calophylla:49.590870,Cuphea.campylocentra:49.590870,Cuphea.carthagenensis:49.590870,Cuphea.glutinosa:49.590870)Cuphea:49.59087

0,(Heimia.apetala:49.590870,Heimia.salicifolia:49.590870)Heimia:49.590870)lythraceae:49.590874):49.590881):10.440186)myrtales:10.44

0186,((((Caesarea.albiflora:43.848774)Caesarea:43.848774)vivianiaceae:43.848778):43.848770,((Geranium.albicans:58.465031)Geranium:5

8.465031)geraniaceae:58.465034)geraniales:43.848770):10.440186)malvids:10.440186):7.745941)rosids:7.745941,(((((((((Myriophyllum.br

asiliense:25.561611)Myriophyllum:25.561611)haloragaceae:25.561615):25.561607):25.561615):25.561615):25.561615):25.561600):25.561615

)saxifragales:25.561615):7.745941,(((((((((((((((Acmella.bellidioides:92.456894,Acmella.leptophylla:92.456894)Acmella:92.456894,(As

pilia.montevidensis:92.456894)Aspilia:92.456894,(Baccharis.articulata:92.456894,Baccharis.brevifolia:92.456894,Baccharis.cognata:92

.456894,Baccharis.coridifolia:92.456894,Baccharis.crispa:92.456894,Baccharis.dracunculifolia:92.456894,Baccharis.gnaphalioides:92.4

56894,Baccharis.junciformis:92.456894,Baccharis.leucopappa:92.456894,Baccharis.ochracea:92.456894,Baccharis.pentodonta:92.456894,Ba

ccharis.pseudovillosa:92.456894,Baccharis.ramboi:92.456894,Baccharis.riograndensis:92.456894,Baccharis.subtropicalis:92.456894)Bacc

haris:92.456894,(Pterocaulon.rugosum:92.456894,Pterocaulon.alopecuroides:92.456894,Pterocaulon.angustifolium:92.456894,Pterocaulon.

balansae:92.456894,Pterocaulon.cordobense:92.456894,Pterocaulon.lorentzii:92.456894,Pterocaulon.polypterum:92.456894)Pterocaulon:92

.456894,(Hypochaeris.albiflora:92.456894,Hypochaeris.catharinensis:92.456894,Hypochaeris.chillensis:92.456894,Hypochaeris.glabra:92

.456894,Hypochaeris.lutea:92.456894,Hypochaeris.megapotamica:92.456894,Hypochaeris.radicata:92.456894,Hypochaeris.tropicalis:92.456

894,Hypochaeris.variegata:92.456894)Hypochaeris:92.456894,(((((((Chaptalia.piloselloides:28.951149,Chaptalia.runcinata:28.951149,Ch

aptalia.exscapa:28.951149,Chaptalia.graminifolia:28.951149,Chaptalia.integerrima:28.951149,Chaptalia.mandonii:28.951149,Chaptalia.n
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utans:28.951149)chaptalia:28.951149):28.951149):28.951149):28.951141):28.951157,((((((((((((((((((((((((((((Chromolaena.ascendens:9

.339080,Chromolaena.hirsuta:9.339080,Chromolaena.squarrulosa:9.339080)chromolaena:9.339080):9.339081,((((Campuloclinium.macrocephal

um:5.603448)campuloclinium:5.603448):5.603448):5.603449):5.603447):5.603449):5.603447):5.603451):5.603447):5.603447):5.603451):5.60

3447):5.603447):5.603447):5.603455):5.603447):5.603447,(((((((Porophyllum.linifolium:11.907328)porophyllum:11.907328):11.907330):11

.907326):11.907326):11.907333):11.907326):11.907326):5.603447):5.603447):5.603447):5.603455,(((((((Pluchea.sagittalis:14.709052)plu

chea:14.709052):14.709051):14.709053):14.709049):14.709053):14.709053):14.709053):5.603447,(((((((((((((((Solidago.chilensis:7.7047

41)solidago:7.704741):7.704741):7.704742):7.704742):7.704739):7.704742):7.704742,(Conyza.bonariensis:30.818966,Conyza.canadensis:30

.818966,Conyza.primulifolia:30.818966,Conyza.blakei:30.818966)conyza:30.818966):7.704742):7.704742):7.704742):7.704735):7.704742):7

.704742,((((((Soliva.macrocephala:15.409483,Soliva.sessilis:15.409483)soliva:15.409483):15.409481):15.409485):15.409485):15.409477)

:15.409485):7.704742,((((((((((Gamochaeta.americana:10.506466,Gamochaeta.argentina:10.506466,Gamochaeta.coarctata:10.506466,Gamocha

eta.falcata:10.506466,Gamochaeta.filaginea:10.506466,Gamochaeta.simplicicaulis:10.506466)gamochaeta:10.506466):10.506464):10.506468

):10.506466):10.506462):10.506466):10.506470):10.506462):10.506470):10.506462):7.704742):5.603439):5.603455):5.603455,(((((((((((((

(Chrysolaena.flexuosa:9.339081)chrysolaena:9.339081):9.339081,(Lessingianthus.brevifolius:14.008621,Lessingianthus.hypochaeris:14.0

08621,Lessingianthus.rubricaulis:14.008621,Lessingianthus.sellowii:14.008621)lessingianthus:14.008621):9.339081,(Elephantopus.molli

s:18.678162)elephantopus:18.678162):9.339081):9.339081):9.339081,((Vernonanthura.chamaedrys:21.791189,Vernonanthura.nudiflora:21.79

1189,Vernonanthura.tweedieana:21.791189)vernonanthura:21.791189):21.791187):9.339081):9.339081):9.339081):9.339081):9.339081):9.339

081):9.339081):9.339081):5.603439):5.603455):5.603439,(((((((((((((Cirsium.vulgare:11.206896)cirsium:11.206896):11.206898):11.20689

4):11.206898):11.206898):11.206894):11.206894):11.206902):11.206894):11.206894):11.206902):11.206894):11.206894):5.603455):5.603455

):5.603439):5.603455):5.603439,(Senecio.brasiliensis:92.456894,Senecio.conyzifolius:92.456894,Senecio.heterotrichius:92.456894,Sene

cio.leptolobus:92.456894,Senecio.madagascariensis:92.456894,Senecio.oxyphyllus:92.456894,Senecio.selloi:92.456894)Senecio:92.456894

,(Chevreulia.acuminata:92.456894,Chevreulia.revoluta:92.456894,Chevreulia.sarmentosa:92.456894)Chevreulia:92.456894,(Hysterionica.n

idorelloides:92.456894)Hysterionica:92.456894,(Sommerfeltia.spinulosa:92.456894)Sommerfeltia:92.456894,(Jaegeria.hirta:92.456894)Ja

egeria:92.456894,(Stenachaenium.campestre:92.456894,Stenachaenium.macrocephalum:92.456894,Stenachaenium.riedelii:92.456894)Stenacha

enium:92.456894,(Criscia.stricta:92.456894)Criscia:92.456894,(Stevia.lundiana:92.456894)Stevia:92.456894,(Lucilia.acutifolia:92.456

894,Lucilia.linearifolia:92.456894,Lucilia.nitens:92.456894)Lucilia:92.456894,(Dimerostemma.arnottii:92.456894)Dimerostemma:92.4568

94,(Eclipta.prostrata:92.456894)Eclipta:92.456894,(Calea.uniflora:92.456894)Calea:92.456894,(Centratherum.punctatum:92.456894)Centr

atherum:92.456894,(Micropsis.dasycarpa:92.456894)Micropsis:92.456894,(Enydra.anagallis:92.456894)Enydra:92.456894,(Noticastrum.calv

atum:92.456894,Noticastrum.decumbens:92.456894,Noticastrum.diffusum:92.456894)Noticastrum:92.456894,(Erechtites.hieraciifolius:92.4

56894)Erechtites:92.456894,(Facelis.retusa:92.456894)Facelis:92.456894,(Orthopappus.angustifolius:92.456894)Orthopappus:92.456894,(

Symphyotrichum.graminifolium:92.456894,Symphyotrichum.squamatum:92.456894)Symphyotrichum:92.456894,(Trichocline.catharinensis:92.45

6894)Trichocline:92.456894,(Acanthostyles.buniifolius:92.456894)Acanthostyles:92.456894,(Achyrocline.alata:92.456894,Achyrocline.fl

accida:92.456894,Achyrocline.satureioides:92.456894)Achyrocline:92.456894,(Pamphalea.heterophylla:92.456894)Pamphalea:92.456894,(Gy

ptis.pinnatifida:92.456894)Gyptis:92.456894,(Hieracium.commersonii:92.456894)Hieracium:92.456894,(Holocheilus.brasiliensis:92.45689

4)Holocheilus:92.456894)asteraceae:5.603455,((Acicarpha.procumbens:63.505749,Acicarpha.tribuloides:63.505749)Acicarpha:63.505749)ca

lyceraceae:63.505745):5.603455):5.603439,((Nymphoides.indica:67.241379)Nymphoides:67.241379)menyanthaceae:67.241379):5.603455):5.60

3439,((((Lobelia.camporum:42.586205,Lobelia.hederacea:42.586205,Lobelia.nummularioides:42.586205)Lobelia:42.586205,(Triodanis.perfo

liata:42.586205)Triodanis:42.586205,(Wahlenbergia.linarioides:42.586205)Wahlenbergia:42.586205)campanulaceae:42.586212):42.586197):

42.586212)asterales:5.603455,((((((((((Centella.asiatica:19.866772)Centella:19.866772,(Cyclospermum.leptophyllum:19.866772)Cyclospe

rmum:19.866772,(Daucus.pusillus:19.866772)Daucus:19.866772,(Eryngium.ciliatum:19.866772,Eryngium.ebracteatum:19.866772,Eryngium.ech

inatum:19.866772,Eryngium.elegans:19.866772,Eryngium.horridum:19.866772,Eryngium.luzulifolium:19.866772,Eryngium.nudicaule:19.86677

2,Eryngium.pristis:19.866772,Eryngium.sanguisorba:19.866772,Eryngium.urbanianum:19.866772)Eryngium:19.866772,(Lilaeopsis.carolinens

is:19.866772)Lilaeopsis:19.866772)apiaceae:19.866772):19.866772,((Hydrocotyle.bonariensis:26.489029,Hydrocotyle.exigua:26.489029,Hy

drocotyle.ranunculoides:26.489029,Hydrocotyle.verticillata:26.489029)Hydrocotyle:26.489029)araliaceae:26.489029):19.866768):19.8667

76):19.866768):19.866776)apiales:19.866776):19.866760):19.866776,(((Escallonia.megapotamica:54.633621)Escallonia:54.633621)escallon

iaceae:54.633621)escalloniales:54.633621):5.603439)campanulids:5.603455,((((((((((((((Cantinoa.stricta:19.842710,Cantinoa.mutabilis

:19.842710)Cantinoa:19.842710,(Condea.elegans:19.842710)Condea:19.842710,(Cunila.galioides:19.842710)Cunila:19.842710,(Glechon.cili

ata:19.842710,Glechon.spathulata:19.842710,Glechon.thymoides:19.842710)Glechon:19.842710,(Hyptis.brevipes:19.842710,Hyptis.comaroid

es:19.842710)Hyptis:19.842710,(Marsypianthes.hassleri:19.842710)Marsypianthes:19.842710,(Ocimum.nudicaule:19.842710)Ocimum:19.84271

0,(Salvia.ovalifolia:19.842710,Salvia.procurrens:19.842710)Salvia:19.842710,(Scutellaria.racemosa:19.842710)Scutellaria:19.842710,(

Teucrium.cubense:19.842710)Teucrium:19.842710)lamiaceae:19.842712,(((Agalinis.communis:14.882033)Agalinis:14.882033,(Buchnera.longi

folia:14.882033)Buchnera:14.882033)orobanchaceae:14.882032):14.882034):14.882030,((((Verbena.filicaulis:14.882032,Verbena.intermedi

a:14.882032,Verbena.montevidensis:14.882032,Verbena.rigida:14.882032,Verbena.bonariensis:14.882032,Verbena.ephedroides:14.882032)Ve

rbena:14.882032,(Glandularia.aristigera:14.882032,Glandularia.marrubioides:14.882032,Glandularia.peruviana:14.882032,Glandularia.pl

atensis:14.882032,Glandularia.selloi:14.882032,Glandularia.tenera:14.882032,Glandularia.thymoides:14.882032)Glandularia:14.882032,(

Lantana.entrerriensis:14.882032,Lantana.megapotamica:14.882032,Lantana.montevidensis:14.882032)Lantana:14.882032,(Lippia.alba:14.88

2032,Lippia.arechavaletae:14.882032,Lippia.asperrima:14.882032,Lippia.hieracifolia:14.882032,Lippia.ramboi:14.882032)Lippia:14.8820

32,(Phyla.canescens:14.882032)Phyla:14.882032)verbenaceae:14.882034):14.882030,(((Justicia.axillaris:14.882032)Justicia:14.882032,(

Ruellia.brevicaulis:14.882032,Ruellia.bulbifera:14.882032,Ruellia.hypericoides:14.882032,Ruellia.morongii:14.882032)Ruellia:14.8820

32,(Stenandrium.diphyllum:14.882032,Stenandrium.dulce:14.882032)Stenandrium:14.882032)acanthaceae:14.882030):14.882034):14.882034):

14.882034):14.882034):14.882034,((Plantago.myosuros:39.685421,Plantago.penantha:39.685421,Plantago.tomentosa:39.685421,Plantago.aus

tralis:39.685421)Plantago:39.685421,(Scoparia.dulcis:39.685421,Scoparia.ericacea:39.685421,Scoparia.montevidensis:39.685421)Scopari

a:39.685421,(Stemodia.palustris:39.685421,Stemodia.verticillata:39.685421)Stemodia:39.685421,(Veronica.arvensis:39.685421)Veronica:

39.685421,(Bacopa.monnieri:39.685421)Bacopa:39.685421,(Berroa.gnaphalioides:39.685421)Berroa:39.685421,(Gratiola.peruviana:39.68542

1)Gratiola:39.685421,(Mecardonia.procumbens:39.685421,Mecardonia.serpylloides:39.685421)Mecardonia:39.685421,(Nuttalanthus.canadens

is:39.685421)Nuttalanthus:39.685421)plantaginaceae:39.685425):14.882027):14.882034):14.882034):14.882034)lamiales:14.882034,((((Bou

chetia.anomala:78.595734)Bouchetia:78.595734,(Calibrachoa.heterophylla:78.595734,Calibrachoa.ovalifolia:78.595734,Calibrachoa.parvi

flora:78.595734)Calibrachoa:78.595734,(((((((Nierembergia.linariifolia:22.168028,Nierembergia.micrantha:22.168028,Nierembergia.riog

randensis:22.168028)nierembergia:22.168028):22.168026):22.168030):22.168022)petunieae:22.168030,((((((((((Solanum.hasslerianum:12.0

91652,Solanum.sisymbriifolium:12.091652)solanum:12.091652)solaneae:12.091652):12.091652):12.091648):12.091656):12.091652):12.091652
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):12.091652)solanoideae:12.091644):12.091652):12.091660):12.091644,(Petunia.integrifolia:78.595734)Petunia:78.595734)solanaceae:12.

091660,((Convolvulus.bonariensis:56.427708,Convolvulus.crenatifolius:56.427708)Convolvulus:56.427708,(Dichondra.macrocalyx:56.42770

8,Dichondra.sericea:56.427708)Dichondra:56.427708,(Evolvulus.sericeus:56.427708)Evolvulus:56.427708,(Ipomoea.kunthiana:56.427708)Ip

omoea:56.427708)convolvulaceae:56.427711):12.091644)solanales:12.091660):12.091644,(((Spermacoce.eryngioides:58.730881,Spermacoce.p

rostrata:58.730881)Spermacoce:58.730881,(Staelia.thymoides:58.730881)Staelia:58.730881,(Borreria.brachystemonoides:58.730881,Borrer

ia.capitata:58.730881,Borreria.dasycephala:58.730881,Borreria.palustris:58.730881,Borreria.poaya:58.730881,Borreria.tenella:58.7308

81,Borreria.verticillata:58.730881)Borreria:58.730881,(Diodella.apiculata:58.730881)Diodella:58.730881,(Galianthe.fastigiata:58.730

881,Galianthe.verbenoides:58.730881)Galianthe:58.730881,(Galium.hirtum:58.730881,Galium.humile:58.730881,Galium.megapotamicum:58.73

0881,Galium.richardianum:58.730881,Galium.uruguayense:58.730881,Galium.vile:58.730881)Galium:58.730881,(Oldenlandia.salzmannii:58.7

30881)Oldenlandia:58.730881,(Richardia.brasiliensis:58.730881,Richardia.grandiflora:58.730881,Richardia.humistrata:58.730881,Richar

dia.stellaris:58.730881)Richardia:58.730881)rubiaceae:58.730881,(((((Asclepias.mellodora:29.365438)Asclepias:29.365438,(Oxypetalum.

solanoides:29.365438)Oxypetalum:29.365438)apocynaceae:29.365444):29.365433,((Spigelia.stenophylla:39.153919)Spigelia:39.153919)loga

niaceae:39.153915):29.365440,((Centaurium.pulchellum:48.942398)Centaurium:48.942398)gentianaceae:48.942398):29.365448)gentianales:2

9.365433,((Moritzia.ciliata:68.519356,Moritzia.dusenii:68.519356)Moritzia:68.519356,(Varronia.curassavica:68.519356)Varronia:68.519

356)boraginaceae:68.519363):12.091660)lamiids:12.091644):5.603455,(((((((Lysimachia.arvensis:29.418104,Lysimachia.filiformis:29.418

104,Lysimachia.minima:29.418104)Lysimachia:29.418104,(Pelletiera.serpyllifolia:29.418104)Pelletiera:29.418104)primulaceae:29.418102

):29.418106):29.418098):29.418106):29.418106)ericales:29.418106)ericales to asterales:5.603439)asterids:5.603455,((((((Polygonum.pu

nctatum:38.523708)Polygonum:38.523708)polygonaceae:38.523705):38.523712):38.523697,(((Drosera.brevifolia:48.154633)Drosera:48.15463

3)droseraceae:48.154633):48.154633):38.523712,((((((((((((((Parodia.ottonis:15.409483)Parodia:15.409483)cactaceae:15.409481):15.409

485):15.409485):15.409477):15.409485):15.409485):15.409485):15.409485):15.409485,(((Alternanthera.philoxeroides:42.376080,Alternant

hera.reineckii:42.376080)Alternanthera:42.376080,(Gomphrena.celosioides:42.376080,Gomphrena.elegans:42.376080,Gomphrena.graminea:42

.376080,Gomphrena.perennis:42.376080)Gomphrena:42.376080,(Pfaffia.gnaphaloides:42.376080,Pfaffia.tuberosa:42.376080)Pfaffia:42.3760

80)amaranthaceae:42.376076):42.376083):15.409470):15.409485):15.409485):15.409485)caryophyllales:15.409485):5.603439):5.603439):5.6

03455):5.603455)core eudicots:5.603455)trochodendrales to asterales:5.603455)sabiales to asterales:5.603424,(((((((Ranunculus.bonari

ensis:35.721981)Ranunculus:35.721981)ranunculaceae:35.721977):35.721985):35.721985):35.721970):35.721985)ranunculales:35.721985)eu

dicots:5.603455)ceratophyllales and eudicots:5.603455,(((((((((((((((Schizachyrium.condensatum:76.805885,Schizachyrium.glaziovii:76.

805885,Schizachyrium.gracilipes:76.805885,Schizachyrium.microstachyum:76.805885,Schizachyrium.spicatum:76.805885,Schizachyrium.tene

rum:76.805885)Schizachyrium:76.805885,(Paspalum.barretoi:76.805885,Paspalum.compressifolium:76.805885,Paspalum.dilatatum:76.805885,

Paspalum.indecorum:76.805885,Paspalum.lepton:76.805885,Paspalum.maculosum:76.805885,Paspalum.modestum:76.805885,Paspalum.notatum:76

.805885,Paspalum.pauciciliatum:76.805885,Paspalum.paucifolium:76.805885,Paspalum.plicatulum:76.805885,Paspalum.polyphyllum:76.80588

5,Paspalum.pumilum:76.805885,Paspalum.umbrosum:76.805885,Paspalum.urvillei:76.805885)Paspalum:76.805885,(Setaria.parviflora:76.8058

85,Setaria.vaginata:76.805885)Setaria:76.805885,(Jarava.plumosa:76.805885,Jarava.megapotamica:76.805885)Jarava:76.805885,(((((((((L

eersia.hexandra:18.774773)leersia:18.774773):18.774773):18.774773):18.774773):18.774773,(((((Melica.brasiliana:27.308760,Melica.ere

mophila:27.308760,Melica.hyalina:27.308760,Melica.macra:27.308760,Melica.rigida:27.308760,Melica.tenuis:27.308760)melica:27.308760)

:27.308758,(((((((Bromus.auleticus:10.240785)bromus:10.240785):10.240786):10.240784):10.240784):10.240788,(((((Nassella.charruana:1

0.240785,Nassella.filiculmis:10.240785,Nassella.juergensii:10.240785,Nassella.melanosperma:10.240785,Nassella.mucronata:10.240785,N

assella.nutans:10.240785,Nassella.tenuiculmis:10.240785,Nassella.torquata:10.240785,Nassella.vallsii:10.240785)nassella:10.240785):

10.240786):10.240784):10.240788):10.240784):10.240784):10.240784):10.240784):10.240784):10.240791)bep:10.240784,(((((((((((Sporobol

us.indicus:10.240785,Sporobolus.monandrus:10.240785,Sporobolus.pseudairoides:10.240785)sporobolus:10.240785):10.240786):10.240784):

10.240788,(((Eragrostis.airoides:12.800982,Eragrostis.bahiensis:12.800982,Eragrostis.cataclasta:12.800982,Eragrostis.lugens:12.8009

82,Eragrostis.neesii:12.800982,Eragrostis.plana:12.800982,Eragrostis.polytricha:12.800982,Eragrostis.retinens:12.800982)eragrostis:

12.800982):12.800983):12.800980):10.240784):10.240784):10.240784,(((Aristida.circinalis:21.847008,Aristida.echinulata:21.847008,Ari

stida.filifolia:21.847008,Aristida.flaccida:21.847008,Aristida.jubata:21.847008,Aristida.laevis:21.847008,Aristida.murina:21.847008

,Aristida.uruguayensis:21.847008,Aristida.venustula:21.847008)aristida:21.847008):21.847008,(((Danthonia.cirrata:16.385256,Danthoni

a.montevidensis:16.385256,Danthonia.secundiflora:16.385256)danthonia:16.385256):16.385254):16.385258):16.385254):10.240791):10.2407

84,((((((Panicum.aquaticum:14.629693,Panicum.bergii:14.629693,Panicum.gouinii:14.629693)panicum:14.629693):14.629694):14.629692):14

.629696):14.629692):14.629692):10.240784)pacc:10.240784):10.240784):10.240784):10.240784,(Digitaria.aequiglumis:76.805885,Digitaria

.ciliaris:76.805885,Digitaria.insularis:76.805885)Digitaria:76.805885,(Axonopus.fissifolius:76.805885,Axonopus.jesuiticus:76.805885

,Axonopus.obtusifolius:76.805885,Axonopus.parodii:76.805885,Axonopus.pellitus:76.805885,Axonopus.pressus:76.805885,Axonopus.purpusi

i:76.805885,Axonopus.suffultus:76.805885,Axonopus.affinis:76.805885,Axonopus.argentinus:76.805885,Axonopus.compressus:76.805885)Axo

nopus:76.805885,(Lolium.multiflorum:76.805885)Lolium:76.805885,(Luziola.peruviana:76.805885)Luziola:76.805885,(Echinochloa.crusgall

i:76.805885)Echinochloa:76.805885,(Eleusine.indica:76.805885,Eleusine.tristachya:76.805885)Eleusine:76.805885,(Elionurus.muticus:76

.805885)Elionurus:76.805885,(Bothriochloa.laguroides:76.805885)Bothriochloa:76.805885,(Sorghastrum.pellitum:76.805885,Sorghastrum.s

etosum:76.805885)Sorghastrum:76.805885,(Steinchisma.decipiens:76.805885,Steinchisma.hians:76.805885)Steinchisma:76.805885,(Phalaris

.angusta:76.805885,Phalaris.platensis:76.805885)Phalaris:76.805885,(Trachypogon.mollis:76.805885,Trachypogon.montufarii:76.805885)T

rachypogon:76.805885,(Agenium.villosum:76.805885)Agenium:76.805885,(Agrostis.montevidensis:76.805885)Agrostis:76.805885,(Andropogon

.bicornis:76.805885,Andropogon.glaucophyllus:76.805885,Andropogon.lateralis:76.805885,Andropogon.leucostachyus:76.805885,Andropogon

.macrothrix:76.805885,Andropogon.selloanus:76.805885,Andropogon.ternatus:76.805885,Andropogon.virgatus:76.805885)Andropogon:76.8058

85,(Briza.maxima:76.805885,Briza.minor:76.805885)Briza:76.805885,(Calamagrostis.alba:76.805885,Calamagrostis.viridiflavescens:76.80

5885)Calamagrostis:76.805885,(Eriochloa.polystachya:76.805885)Eriochloa:76.805885,(Cenchrus.clandestinus:76.805885)Cenchrus:76.8058

85,(Piptochaetium.alpinum:76.805885,Piptochaetium.bicolor:76.805885,Piptochaetium.lasianthum:76.805885,Piptochaetium.montevidense:7

6.805885,Piptochaetium.panicoides:76.805885,Piptochaetium.ruprechtianum:76.805885,Piptochaetium.stipoides:76.805885,Piptochaetium.u

ruguense:76.805885)Piptochaetium:76.805885,(Tripogon.spicatus:76.805885)Tripogon:76.805885,(Urochloa.decumbens:76.805885)Urochloa:7

6.805885,(Microchloa.indica:76.805885)Microchloa:76.805885,(Vulpia.australis:76.805885,Vulpia.bromoides:76.805885)Vulpia:76.805885,

(Mnesithea.selloana:76.805885)Mnesithea:76.805885,(Poa.annua:76.805885)Poa:76.805885,(Anthaenantia.lanata:76.805885)Anthaenantia:76

.805885,(Eriochrysis.cayennensis:76.805885)Eriochrysis:76.805885,(Chascolytrum.calotheca:76.805885,Chascolytrum.lamarckianum:76.805

885,Chascolytrum.parodianum:76.805885,Chascolytrum.poomorphum:76.805885,Chascolytrum.rufum:76.805885,Chascolytrum.scabrum:76.805885

,Chascolytrum.subaristatum:76.805885,Chascolytrum.uniolae:76.805885)Chascolytrum:76.805885,(Eustachys.brevipila:76.805885,Eustachys

.distichophylla:76.805885,Eustachys.petraea:76.805885)Eustachys:76.805885,(Festuca.ulochaeta:76.805885)Festuca:76.805885,(Gymnopogo
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n.burchellii:76.805885,Gymnopogon.grandiflorus:76.805885,Gymnopogon.spicatus:76.805885)Gymnopogon:76.805885,(Chloris.berroi:76.8058

85,Chloris.grandiflora:76.805885)Chloris:76.805885,(Polypogon.chilensis:76.805885)Polypogon:76.805885,(Rhynchelytrum.repens:76.8058

85)Rhynchelytrum:76.805885,(Saccharum.angustifolium:76.805885,Saccharum.villosum:76.805885)Saccharum:76.805885,(Sacciolepis.vilvoid

es:76.805885)Sacciolepis:76.805885,(Paratheria.prostrata:76.805885)Paratheria:76.805885,(Holcus.lanatus:76.805885)Holcus:76.805885,

(Cynodon.dactylon:76.805885,Cynodon.maritimus:76.805885)Cynodon:76.805885,(Ichnanthus.procurrens:76.805885)Ichnanthus:76.805885,(Is

chaemum.minus:76.805885)Ischaemum:76.805885,(Dichanthelium.sabulorum:76.805885)Dichanthelium:76.805885)poaceae:10.240784):10.240784

):10.240784):10.240784,((((((Carex.bonariensis:27.796415,Carex.longii:27.796415,Carex.phalaroides:27.796415,Carex.sororia:27.796415

)Carex:27.796415,(Cyperus.aggregatus:27.796415,Cyperus.haspan:27.796415,Cyperus.hermaphroditus:27.796415,Cyperus.luzulae:27.796415,

Cyperus.reflexus:27.796415,Cyperus.rigens:27.796415)Cyperus:27.796415,(Rhynchospora.emaciata:27.796415,Rhynchospora.globosa:27.7964

15,Rhynchospora.holoschoenoides:27.796415,Rhynchospora.junciformis:27.796415,Rhynchospora.megapotamica:27.796415,Rhynchospora.praec

incta:27.796415,Rhynchospora.pungens:27.796415,Rhynchospora.rugosa:27.796415,Rhynchospora.setigera:27.796415,Rhynchospora.tenuis:27

.796415,Rhynchospora.barrosiana:27.796415,Rhynchospora.brittonii:27.796415,Rhynchospora.edwalliana:27.796415)Rhynchospora:27.796415

,(Eleocharis.bonariensis:27.796415,Eleocharis.contracta:27.796415,Eleocharis.densicaespitosa:27.796415,Eleocharis.flavescens:27.796

415,Eleocharis.geniculata:27.796415,Eleocharis.maculosa:27.796415,Eleocharis.minima:27.796415,Eleocharis.montana:27.796415,Eleochar

is.nudipes:27.796415,Eleocharis.sellowiana:27.796415,Eleocharis.viridans:27.796415)Eleocharis:27.796415,(Scirpus.giganteus:27.79641

5)Scirpus:27.796415,(Scleria.distans:27.796415,Scleria.sellowiana:27.796415)Scleria:27.796415,(Fimbristylis.autumnalis:27.796415,Fi

mbristylis.complanata:27.796415,Fimbristylis.dichotoma:27.796415)Fimbristylis:27.796415,(Kyllinga.brevifolia:27.796415,Kyllinga.odo

rata:27.796415,Kyllinga.vaginata:27.796415)Kyllinga:27.796415,(Lipocarpha.humboldtiana:27.796415)Lipocarpha:27.796415,(Abildgaardia

.ovata:27.796415)Abildgaardia:27.796415,(Pycreus.polystachyos:27.796415)Pycreus:27.796415,(Bulbostylis.communis:27.796415,Bulbostyl

is.hirtella:27.796415,Bulbostylis.juncoides:27.796415,Bulbostylis.scabra:27.796415,Bulbostylis.sphaerocephala:27.796415)Bulbostylis

:27.796415)cyperaceae:27.796413,((Juncus.capillaceus:27.796415,Juncus.densiflorus:27.796415,Juncus.imbricatus:27.796415,Juncus.marg

inatus:27.796415,Juncus.microcephalus:27.796415,Juncus.ramboi:27.796415,Juncus.tenuis:27.796415)Juncus:27.796415,(Luzula.ulei:27.79

6415)Luzula:27.796415)juncaceae:27.796413):27.796417):27.796410):27.796417,(((Eriocaulon.leptophyllum:41.694622)Eriocaulon:41.69462

2)eriocaulaceae:41.694618):41.694626):27.796417):10.240784):10.240784)poales:10.240799,(((((Commelina.benghalensis:37.549545,Commel

ina.diffusa:37.549545,Commelina.erecta:37.549545,Commelina.rufipes:37.549545)Commelina:37.549545,(Tradescantia.umbraculifera:37.549

545)Tradescantia:37.549545)commelinaceae:37.549545):37.549545)commelinales:37.549545):37.549545)commelinids:10.240784,((((((((Hypox

is.decumbens:27.530422)Hypoxis:27.530422)hypoxidaceae:27.530418):27.530426):27.530426):27.530411):27.530426,(((((Cypella.herbertii:

42.825100)Cypella:42.825100,(Gelasine.coerulea:42.825100)Gelasine:42.825100,(Herbertia.lahue:42.825100,Herbertia.pulchella:42.82510

0)Herbertia:42.825100,(Kelissa.brasiliensis:42.825100)Kelissa:42.825100,(Sisyrinchium.avenaceum:42.825100,Sisyrinchium.commutatum:4

2.825100,Sisyrinchium.decumbens:42.825100,Sisyrinchium.luzula:42.825100,Sisyrinchium.micranthum:42.825100,Sisyrinchium.minutiflorum

:42.825100,Sisyrinchium.pachyrhizum:42.825100,Sisyrinchium.palmifolium:42.825100,Sisyrinchium.platense:42.825100,Sisyrinchium.resti

oides:42.825100,Sisyrinchium.sellowianum:42.825100,Sisyrinchium.uliginosum:42.825100,Sisyrinchium.vaginatum:42.825100)Sisyrinchium:

42.825100)iridaceae:42.825096,(((((Clara.ophiopogonoides:21.412550)Clara:21.412550)asparagaceae:21.412548,((Habranthus.tubispathus:

21.412550)Habranthus:21.412550,(Nothoscordum.bivalve:21.412550,Nothoscordum.bonariense:21.412550,Nothoscordum.gracile:21.412550,Not

hoscordum.montevidense:21.412550)Nothoscordum:21.412550)amaryllidaceae:21.412548):21.412552):21.412552):21.412544):21.412552):21.41

2552):21.412552):21.412552,((Habenaria.parviflora:71.375168)Habenaria:71.375168,(Skeptrostachys.balanophorostachya:71.375168)Skeptr

ostachys:71.375168)orchidaceae:71.375168)asparagales:21.412552):10.240784):10.240784):10.240784):10.240784):10.240784)monocots:10.2

40784)poales to asterales:5.603455,(((((((Aristolochia.sessilifolia:37.823277)Aristolochia:37.823277)aristolochiaceae:37.823280):37.

823273)piperales:37.823273):37.823288)magnoliids:37.823273):37.823273)magnoliales to asterales:5.603455)austrobaileyales to asterale

s:5.603424)nymphaeales to asterales:5.603455)angiosperms:5.603448)seedplants:75.000000;
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Figure 6 – Phylogenetic tree of the plant species sampled in SISBIOTA in Rio Grande do Sul.
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