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Abstract

The flora of the subtropical highland grasslands in Southern Brazil, locally known as Campos de Cima da Serra,
is within the Atlantic Forest hotspot, and has being highlighted by its richness, having around 25% of endemic
plants. Those formations require specific studies to estimate its species richness and to protect its natural resources.
This study aimed to map and to analyze the distribution of endemic taxa from these grasslands based on available
herbarium collections databases as sources for highlighting important taxonomic groups for future studies. We
verified how much of those endemic taxa are inside protected areas, and recognized the most important taxa and
areas for future studies. All the data about each endemic taxon was obtained through visiting herbaria, online
databases, collecting expeditions and published references. Distribution maps for endemic species were prepared.
As the main result, we describe and map the distribution of the endemic flora of this species rich vegetation
formation and highlight the threatened taxa as priority for future taxonomic and conservation studies. Our results
also point out the central-west of Santa Catarina and central Parana states as priority areas for future studies
considering its high diversity of taxa.
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Resumo

A vegetagdo subtropical dos campos de altitude do sul do Brasil, localmente conhecida por Campos de Cima da
Serra, esta dentro do hotspot do bioma Mata Atlantica. Possui destaque devido a sua elevada riqueza de espécies,
apresentando aproximadamente 25% de plantas endémicas. Esta formagao requer mais estudos especificos para
estimar sua riqueza de espécies e proteger os recursos naturais. Este estudo teve como objetivo mapear e analisar
a distribuigao de taxons endémicos nos campos de altitude baseando-se em dados de colegdes de herbarios como
fonte para destacar importantes grupos taxondmicos para futuros estudos. Verificou-se quantos desses taxons
endémicos encontram-se dentro de areas de protegdo e os taxons e areas mais importantes para futuros estudos
foram reconhecidos. Todos os dados sobre cada taxon endémico foram obtidos através de visitas a herbarios,
bancos de dados online, expedi¢oes de coleta e referéncias bibliograficas. Foram preparados mapas de distribuicao
para os taxons endémicos. Como principal resultado, a distribuicao da flora endémica dos campos de cima da serra
foi descrita e mapeada. Os taxons destacados como ameagados sao prioritarios para futuros estudos taxondmicos
e conservacionistas. Nossos resultados apontam o centro-oeste de Santa Catarina e o centro do estado do Parana
como areas prioritarias para futuros estudos, considerando sua alta diversidade de taxons.

Palavras-chave: hotspot da Mata Atlantica, distribuigao, herbario, vegetagao subtropical, taxonomia.

Introduction build a global plant species list. This collaborative
During the Convention on Biological work was produced by an international team
Diversity (COP 8, Curitiba 2006), as the first goal and compiled in the Brazilian Flora Checklist
on the Global Strategy for Plant Conservation (BFG 2015). The next step is to prepare complete
(GSPCQ), it was established to provide a functional monographs including descriptions, identification
list of known species in 2010, being a first step to keys and distribution information for all plant
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species integrating the Brazilian Flora 2020 project
(Brazilian Flora 2020 in construction 2016).

Understanding the distribution patterns of
diversity within an area of interest for conservation
is essential prior to the implementation of effective
strategies (Sankaran 2009). A recent study by
Rosch et al. (2015) brought to light the duality
between establishing few large protected areas
versus many small protected areas. The authors
argue that a much higher proportion of species-area
accumulation is found in many small protected
areas, and that besides large protected areas, it
is also necessary to establish a new diversified
fragmented habitat strategy covering a greater
geographic extent. Different assembles of species
are found along vegetation gradients of a single
ecosystem, requiring much more protected areas
to encompass a highest biodiversity (Vieira et al.
2015). Thus, effective conservation studies claim
for the identification and mapping of specific
communities at local, regional and continental
scales (Dixon et al. 2014).

Brazil harbors a worldwide recognized great
species diversity along different ecosystems,
and its species diversity is directly linked to
the different habitats available (BFG 2015).
Besides the great progress on forest ecosystems
conservation during the past decades, non-forest
ecosystems have been neglected in conservation
policies in Brazil (Overbeck et al. 2007; Overbeck
et al. 2015). Recognizing, characterizing and
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mapping neglected ecosystem is a primordial
tool for highlighting its importance and claim for
conservation efforts (Dixon ef al. 2014; Sarkinen
et al. 2011). Grasslands and other open vegetation
ecosystem are still misrepresented and neglected
in conservation policies (Veldeman et al. 2015).

The vegetation in Southern Brazil is
composed of different ecosystems, characterizing
a transitional area between tropical and temperate
landscapes (Rambo 1953; Safford 2007; Smith
1962). Thus, the habitat heterogeneity allows the
existence of a high diversity of exclusive plants
(Iganci et al. 2011). Those species are restricted to
isolate patches next to ecologically and floristically
distinct formations. The high diversity of endemic
taxa in Southern Brazil has a complex history
with million years of local adaptations (Iganci et
al. 2013).

The Subtropical Highland Grasslands cover
the Serra Geral mountain range, which is a set of
mountains located in the Parana Basin found further
south of Brazil (Scheibe 1986) (Fig. 1). They are
within the Atlantic Forest hotspot, and harbor a
great diversity of endemic plant species (Iganci
et al. 2011). Those grasslands are also neglected
in research priorities and conservation policies
(Overbeck et al. 2007; Iganci et al. 2011). This
vegetation formation is locally known in Southern
Brazil as Campos de Cima da Serra (CCS). This
local name was firstly used by Fortes (1959),
referring to the Northeastern Rio Grande do Sul

Figure 1 — Southern Brazilian Highland Grasslands during the Winter, at the Sao Joaquim National Park, Santa

Catarina state.
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highland grasslands, and was expanded by Iganci
et al. (2011) to the entire ecosystem, including
the grasslands from the whole Serra Geral range.
The CCS is the richest vegetation formation from
Southern Brazil in endemic angiosperms, harboring
around 25% (296 taxa) of endemic plants (Fig.
2) (Iganci et al. 2011). This high diversity makes
the CCS as a whole, a priority for conservation
studies. Concerning the protect areas within the
CCS (Tab. 1 in supplementary material <https://
figshare.com/s/71d93f859b513760c760>), there
are national parks, state parks, biological reserves,
local permanent protection areas, national forests,
ecological stations, relevant ecological interest
areas, and wildlife refugees (Brasil 2014a).
However, over the Serra Geral range, it is evident
the fast loss of natural habitats, being replaced

431

by large mechanized agricultural areas, forestry
and orchards. Consequently, the land use over the
CCS brings extinction risks for grasslands species
(Boldrini et al. 2009; Lopes et al. 2010), being the
protect areas of extreme importance for maintaining
species diversity. Therefore, aiming a systematic
planning for conservation, it is necessary to produce
precise information about species distribution.
Restrict narrow endemic species should receive
higher attention and priority for conservation
as banner species to protect entire communities
(Giulietti et al. 2009; Wulff et al. 2013).

This study moves forward on the knowledge
of the species rich Campos de Cima da Serra
grasslands, aiming to estimate its current taxonomic
knowledge and the distribution of'its endemic flora.
We map the endemic taxa of the CCS to recognize

Figure 2 — Examples of endemic plants from the Southern Brazilian Highland Grasslands — a. Lupinus rubriflorus
- Fabaceae; b. Adesmia reitziana - Fabaceae; c. Leptostelma catharinense - Asteraceae; d. Senecio conyzifolius -
Asteraceae.
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the richest areas, based on endemic plants, as
priority areas for future taxonomic and conservation
studies. We based the research on the following
questions: 1) What is the current knowledge about
endemic taxa based in herbarium collections? 2)
Is it possible to recognize distribution patterns for
the endemic species over the CCS? 3) Are the CCS
endemic taxa within protected areas?

Material and Methods

Study area

The CCS comprises around 1,374,000 ha
(Boldrini et al. 2009), and occurs over elevation
areas, reaching up to 1,800 m in a subtropical or
temperate climate. This grassland ecosystem is
found south of the Tropic of Capricorn, between
24°52°11” and 29°26°40”S, and 49°27°11” and
53°43°51”W. These grasslands are montane or
upper-montane ecosystems, where herbaceous
and shrubby plants dominate the landscape, in a
heterogeneous formation compound by patches
of grasslands, swampy areas and rocky outcrops
(Boldrini et al. 2009; Iganci et al. 2011). The
Brazilian biomes classification includes the CCS
within the Atlantic Forest biome (IBGE 2012)
controversially clustering this grassland ecosystem
within the Atlantic Forest which predominates in
Eastern Brazil. The vegetation is remarkable by
an abrupt change on the natural sequence of the
surrounding plant species from the ombrophilous
mixed forest (Araucaria forest) dominated by
Araucaria angustifolia (Bertol.) Kuntze (Brasil
2008). The climate over the CCS is Cfb (following
Koppen 1931), temperate humid (Peel et al.
2007), with rainfall distributed along the year
and medium temperature between 12 °C (average
minimum temperature in July, 10 °C) and 18 °C
(average medium temperature in January, 27 °C).
Those current climatic conditions support the
expansion of forests over the grasslands (Behling
2002; Almeida 2009). During the Pleistocene,
from 42 to 10 Mya, the climate in this region
was cooler and dryer, favoring the dominance of
grasslands (Behling 2002). However, during the
last 10 My, the temperature increased, turning the
climate more humid and favoring the expansion
of the Araucaria forest and the Atlantic rain forest
over the grasslands (Behling 2002; Behling &
Pillar 2007; Duarte et al. 2000).

Dataset and analyses
We base the study on the list 0of 296 endemic
taxa from the subtropical highland grasslands
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(CCS) and rocky outcrops from Southern Brazil
(Iganci et al. 2011). Geographic distribution data
for each taxon was compiled from herbarium
collections, bibliography, and field works, as
well as online databases (speciesLink/CRIA and
GBIF). In a first attempt to update the list of
endemic taxa, we also consulted newer references
related to species diversity on Southern Brazilian
grasslands (including the Brazilian Flora 2020 in
construction), and new taxa recently described to
the ecosystem.

In order to increase the quality and reliability
of the data, a thorough cleaning proceeded. When
duplicate data were found it was excluded and
left only one record for each collection. When
data lacked geographic coordinates, they were
also excluded from the list, leaving only the
georeferenced and reliable records. Based on this
database about species occurrences, we prepared
distribution maps using DIVA-GIS 7.5.7. There
were also estimated the species richness (number
of different taxa in each grid), and collection
richness (number of collections in each grid),
searching for the most diverse areas in endemic
plants, to direct future conservation studies. The
results were plotted in maps using different color
intensities according to the indices per grid of
625 km? in the real plane (25 x 25 km). The grids
size was defined based on the large scale study
area and on the resolution of resulting maps.
After identifying the most important areas of
distribution for endemic plants from the CCS, a
shape layer containing the protected areas was
plotted to verify how much of those taxa were
recorded inside protected areas. Each record
was double checked to highlight the taxa which
presented records inside protected areas, and
also the ones recorded from the border areas
of protected areas. All taxa with conflicting or
doubtful information were excluded from the
dataset. Considering the distribution of records
visualized on DIVA-GIS 7.5.7 it was possible to
define which taxa are recorded inside the protected
areas. There were also highlighted the taxa which
occur only inside protected areas or endemic to
exclusive specific areas. The list of endemic taxa
from the CCS was compared with the regional
red lists such as for the states of Rio Grande do
Sul (Rio Grande do Sul 2015) and Santa Catarina
(Reis & Sedrez 2008), the List of Rare Plants
from Brazil (Giulietti et al. 2009), the Red List
of Brazilian Flora (Martinelli & Moraes 2013),
and the Red List of threatened species by the
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International Union for Conservation of Nature
(TUCN 2015). The taxa which were not assessed
on those red lists, were analyzed using the criteria
established by the IUCN Red List Categories
and Criteria Version 3.1 (IUCN 2001). The most
influential treats were the loss of habitat, extent of
occurrence (EOO) and area of occupancy of the
taxa (AOO) (IUCN 2001; Martinelli & Moraes
2013). The AOO and the EOO were calculated
using GeoCAT-Kew (Bachman et al. 2011), based
on geographic coordinates. The criteria established
for each taxon are indicated after the categories of
threat (Tab. 1 in supplementary material <https://
figshare.com/s/71d93{859b513760c760>).
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Results

From the 296 endemic taxa cited to the CCS
(Iganci et al. 2011), 116 endemic taxa (ca. 40%)
were representative to sample and map based on
the availability of 1,143 georeferenced records. Due
to the complete lack of distribution georeferenced
records for 45% of the total endemic flora, many
taxa could not be included in the mapping analysis.
Those 116 taxa mapped represent 30 different plant
families (Tab. 1 in supplementary material <https://
figshare.com/s/71d93f859b513760c760>).

The remaining fragments of grasslands with
higher endemic species richness and collection
richness in Southern Brazil are found in the
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Figure 3 — Distribution of endemic taxa over the Southern Brazilian Highland Grasslands — a. number of species;

b. number of records per quadrat.
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Northeast of Rio Grande do Sul state, over the
highland areas in Central to West of Santa Catarina
state, and most of the highland areas in Central
and East of Parana state (Fig. 3). Comparing those
areas, it is possible to observe higher collection
richness over the grasslands near the cast edge
of the plateau in Santa Catarina state (near Sdo
Joaquim National Park, Urubici). A higher species
richness was observed near Curitiba, in the East of
Parana state, and in the Northeast of Rio Grande do
Sul state. Those results could reflect both a higher
species richness over the highlighted areas, or
collecting efforts concentrated on some National
Parks and easy access areas near large towns.

From the 116 endemic taxa sampled to the
CCS, 41% (48 taxa) were recorded inside protected
areas, and 7% (8 taxa) were recorded only inside
protected areas. The majority (59%) were recorded
only outside protected areas (Fig. 4).

fﬂ
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The protected area which presented more
endemic taxa was the Sdo Joaquim National Park,
in Santa Catarina state (35 taxa). Other protected
areas with records for endemic plant taxa were the
Pr6-Mata (6 taxa) and Aparados da Serra National
Park (6 taxa), in Rio Grande do Sul state, and the
Vila Velha State Park (3 taxa), and Palmas State
Park (1 taxon), in Parana state.

Sixty seven taxa representing 23% of the
total number of endemic plants from the CCS are
included in threatened species lists from Brazil
(Tab. 1 in supplementary material <https://
figshare.com/s/71d93{859b513760c760>; Tab. 2;
Fig. 5). From the total 296 endemic taxa, 18.5%
(55 taxa) are included in the Red List of Brazilian
Flora (Martinelli & Moraes 2013), 9% (27 taxa)
were included in the List of Threatened Species
from Rio Grande do Sul state (Rio Grande do Sul
2015), 7.5% (23 taxa) were listed in the Threatened

I Conservation Units

© Endemic taxa

i} 200

kilometers

Figure 4 — Geographic distribution of endemic taxa from the Southern Brazilian Highland Grasslands and the

occurrence within Protected areas (indicated in red).

Rodriguésia 69(2): 429-440. 2018



Endemic Highland Grasslands Plants

435

Table 2 — Summary of threatened taxa endemic to the Southern Brazilian Highland Grasslands. Conservation status:
CR = Critically Endangered; EN = Endangered; VU = Vulnerable; NT = Near Threatened; LC = Least Concern;
DD = Deficient Data. Red lists: CNCFlora = Red book of the Brazilian flora; MMA = Official list of the Brazilian
threatened flora; Regional RS = Red list of the threatened flora in Rio Grande do Sul state; Regional SC = Red list

of the threatened flora in Santa Catarina state.

Conservation status

Red lists

CR EN VU NT LC DD
CNCFlora 6 17 4 2 3 1
MMA 4 16 3 0 0 0
Regional RS 14 23 7 0 0 3
Regional SC 2 18 2 1 0 0
New assessments 41 2% 0 3 3 0

produced here

Species List from Santa Catarina state (Reis &
Sedrez 2008), and 7.5% (23 taxa) were included in
the List of Rare Plants from Brazil (Giulietti et al.
2009). From the 116 sampled endemic taxa, 24%
(28 taxa) are included in the Red List of Brazilian
Flora (Martinelli & Moraes 2013), 16% (19 taxa)
were included in the national list of threatened
species by Ministry of the Environment (Brasil
2014), 20% (23 taxa) were included in the List of

Threatened Species from Rio Grande do Sul state
(Rio Grande do Sul 2015), 6% (7 taxa) were listed
in the Threatened Species List from Santa Catarina
state (Reis & Sedrez 2008), and 4.5% (5 taxa) were
included in the List of Rare Plants from Brazil
(Giulietti et al. 2009). However, none of the studied
taxa were evaluated and included in the [IUCN Red
List (IUCN 2015), highlighting the scarcity of data
concerning CCS endemic taxa. We assessed the
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Figure 5 — Number of species per threat category according to the red lists: CNCFlora 2014, MMA 2014, Regional

list RS, Regional list SC and new assessments.
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conservation status of 73 endemic taxa for the first
time. From these, 41 were categorized as Critically
Endangered (CR), 26 as Endangered (EN), three as
Near Threatened (NT), and three as Least Concern
(LC) (Tab. 1 in supplementary material <https://
figshare.com/s/71d93{859b513760c760>).

Discussion

Species rich areas usually represent small
patches with specific habitat conditions, each one
concentrating a unique set of species with restricted
distributions (Sankaran 2009). Even though there is
a clear concentration of endemic species richness
over the northeast of Rio Grande do Sul state,
central highlands of Santa Catarina state, and east
of Parana state, the species rich flora over central
and west areas of the three states are still poorly
known. Besides having high levels of endemic
plant taxa, those areas have very scarce records
in herbaria collections. Most of the taxa listed as
endemic from the CCS are poorly known. There
are no records and distribution data for 133 taxa
(45% of total) listed by Iganci et al. (2011) and
47 taxa (16% of total) presented record outside
the CCS. For those taxa there is no conclusive
information concerning its geographic distribution,
ecological observations, and conservation. The
lack of information makes those taxa of high
relevance for future studies on Southern Brazilian
grasslands conservation. Even with the increase of
georeferenced samples in online databases there are
few samples for the endemic taxa of CCS, showing
the rarity of these taxa and at the same time the low
number of collections in this vegetation.

The higher collection richness values within
the CCS are found in three main grassland regions:
the East of Parana state near Curitiba, the Eastern
edge of Serra Geral in Rio Grande do Sul and Santa
Catarina states, and the Central grasslands in the
border between Santa Catarina and Parana (Fig. 3).
Besides those areas being species rich areas, this
result could also be related to the heterogeneity
microhabitats, due to the study involves rupestrian
formations, wetlands, peatlands and transition areas
such as the fields of Vila Velha Park in Parana,
that form an ecotone with the Cerrado. The higher
concentration of research projects in these arecas
directs of collections efforts in those regions due
the concentration of larger protected areas and by
the scenic value of the landscapes. The same result
is observed in the study of Echternacht ez al. (2011)
and the authors they cite the influence of collection
efforts in results.
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On the other hand, the low amount of
collections inside protected areas could also be due to
the bureaucratic rules to get permits to collect inside
those areas. Therefore, there are many collections
from areas nearby but not inside the protected
areas, decreasing the quality of information about
the amount of species protected inside the units.
Moreover, low accuracy of GPS devices could
also produce false negatives of the records not
occurring inside protected areas, but nearby.
Sometimes it is possible to check this information
using collections information and observations
from the herbarium sheet label or online databases
produced from it. Thus we analyzed case by case
to find out whether a collection was made inside
a protected area or nearby but we depended on
the information of the researchers who collected,
identified and digitized this information. Species
circumscription and species concept adopted by
different taxonomists could also represent an
important rule when establishing threatened species
red lists (Knapp et al. 2005; Nick et al. 2004).
Taxonomic inflation by elevating infraspecific taxa
to the species level could super estimates red lists,
at the same time that more comprehensive species
circumscriptions could subestimate local variations
and the need of conservation of ecological and
evolutionary processes (Aleixo 2009). Moreover,
many collections made inside conservation areas,
as indicated in the herbarium labels, do not have
available coordinates due to the lack of GPS
equipment to georeference the record. In these cases,
databases usually apply the centroid coordinates of
the nearest municipality, also producing a false
negative about the lack of records from protected
areas. Maldonado ef al. (2015), working on the
tribe Cinchoneae (Rubiaceae), found a similar
situation where many of the georeferenced records
were based on the municipalities centroids. Those
georeferences are attributed after the collections,
based on the locations, municipalities or even
the states, without detailed information. It is
usually possible to identify this situation while
cleaning up the dataset. Thus, we highlight that
the datasets are passible of many errors when not
passing by an exhaustive data cleaning. Mistakes
in this magnitude could strongly affect the results
producing misinterpretations on species rich
areas or false diversity centers. However, when
using online databases carefully, after a good data
cleaning, a series of advantages are provided,
such as being possible to obtain a great amount of
data in a short time; and the financial savings in
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comparison with manual data surveys in herbaria
(Maldonado et al. 2015).

Considering the taxa with records inside
protected areas, a great amount of collections is
concentrated in the Eastern edge of the Serra Geral
range, in Southern Santa Catarina and Northeast
of Rio Grande do Sul states. These locations
represent the most diverse areas in endemic plant
species within the CCS. Other locations as near
the municipality of Curitiba, in Parana state,
show high richness of endemic plants, but few
protected areas to protect those taxa. It is probably
due to the possibilities that the region lacks large
protected areas, the studied taxa were usually
collected outside protected areas in the region,
and many georeferenced data for collections in
this region have only the centroid coordinate of
the municipality, with little information about the
records location.

It is extremely important that protected areas
could be recognized as effective and primordial tools
for the maintenance of biological diversity in all
different vegetation formations that compound the
Southern Brazilian flora. The Sao Joaquim National
Park is the conservation unit with higher number of
endemic plants from the CCS. Considering only the
taxa selected and mapped in this work, 30% were
recorded from the Sao Joaquim National Park. The
analyses of collection richness and species richness
of taxa showed that this protected area has a great
relevance as a conservation tool for a great number
of endemic taxa from the CCS. Wulff et al. (2013),
while studying the distribution and conservation of
endemic plants from New Caledonia, suggested
that analyses on species distributions can be used
to indicate which taxa are susceptible to species
loss in front of habitat destruction in a specific
location; the same subject is pinpointed by Sarkinen
etal. (2011).

Therefore, considering the information on
the range of distribution, it is possible to develop
more effective public policies on conservation, to
protect specific endangered narrow endemic taxa
(Wulff et al. 2013). A floristic study in Northeast
Rio Grande do Sul and Southeast Santa Catarina
states, also highlighted those regions as rich in
endemic plants and harboring many threatened
species (Boldrini et al. 2009). Those results are
in accordance with our findings in indicating
those areas as priority for conservation. Besides
those areas, Barros ef al. (2015) also showed the
Central regions of Santa Catarina and Parana states
as presenting a great species diversity based on

Rodriguésia 69(2): 429-440. 2018
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phylogeography approaches and ecological niche
modelling. Our results are in agreement with
those findings and here we suggest three main
diversity areas as conservation priorities and for
future studies and public policies: 1) the Eastern
edge of the Serra Geral, including a continuous
area from the Northeast of Rio Grande do Sul
to the Southeast of Santa Catarina states; 2) the
Central region of the states of Santa Catarina and
Parana, from Campos de Palmas and Agua Doce,
in Santa Catarina, up to Palmas and Guarapuava in
Parand; and 3) the Southeast of Parana state, near
Curitiba. A study by Loyola ef al. (2014) pointed
out some areas as priorities for conservation and
sustainable use of the Brazilian threatened flora.
Their results are in agreement with our findings
when indicating the Northeast of Rio Grande do Sul
state, and the South of Santa Catarina state, as well
as the municipality of Curitiba and surroundings,
in Parana state, as priority areas for conservation
in Southern Brazilian Highlands. However, another
region highlighted here by having a great species
richness, but low collection richness due the lack
of floristic studies was not mentioned by Loyola
et al. (2014). This Central region of the states of
Santa Catarina and Parana represent a promising
area for future studies on biodiversity since it is one
of the species richest areas within the CCS, even
though not well studied at all. This might be one
of the most important areas for the establishment
of new protected areas within the Southern
Brazilian highland grasslands. The remaining
regions indicated as priority for conservation
within the CCS have important protected areas,
and the extension of those areas would represent
a great step forward for the conservation of the
CCS endemics.

A study on the distribution of endemic
plants from Peru showed that the occurrence of
endemism in higher altitudes (2,000-3,500 m) is
from ten to fifteen times higher than areas with
lower altitudes (0-500 m), and that those plants
from higher altitude areas are mainly herbs, shrubs
and epiphytes (Werff & Consiglio 2004). The
vegetation over the CCS, the highest formation in
Southern Brazil, has a similar pattern since most of
the plant species studied here are herbs and shrubs,
being the richest formation in endemic plants from
Southern Brazil (Iganci ef al. 2011). On the other
hand, due the land use by agriculture and forestry
that have intensified in the last decades on the
CCS, it is urgent the establishment of conservation
policies which balances economic activities and
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conservation. An effective way of conservation of
grasslands in Southern Brazil could be increasing
the cattle grazing in controlled conditions as an
economic alternative, and a proper management,
as it is for the Pampas grasslands (Castilhos ef al.
2009; Vélez-Martin et al. 2015; Andrade et al.
2016), besides establishing more Protected Areas.
Many studies suggest that the history of the
Southern Brazilian flora has a strong relation with
the geological and climate events occurred in the
past, contributing for the existence of a highly
diverse and exclusive local flora (Smith 1962;
Rambo 1953; Safford 2007; Iganci et al. 2013).
Veldman et al. (2015) developed the concept
of old-growth grasslands, and present a panel
with a set of characteristics for lowland to mid-
elevational, tropical and temperate ecosystems.
Most of them could also be applied to the high-
elevation grasslands studied here. The high altitude
grasslands from Southern Brazil are in a transition
area where we find both tropical and temperate
plant lineages (Waechter 2002). Those differences
could be observed both on the climate and on the
species composition in the region, which provides
a differentiated environment and promotes species
adaptations and diversification. Thus, the CCS
represents an extremely exclusive environment,
floristically diverse, and needs to be protected
to ensure the maintenance of its natural richness.
This vegetation harbors an extremely exclusive
biodiversity with a complex history of species
diversification (Lorenz-Lemke et al. 2010).
Brazil has a continental territory and it is
still necessary to increase the knowledge on the
conservation status of its flora. None of the endemic
species from the CCS is assessed by the IUCN
(2015). Some (41) of the analyzed taxa are listed
on national or regional red lists. Being restrict taxa,
many of them present high degree of threat (Tab. 1
in supplementary material <https://figshare.com/
s/71d931859b513760c760>; Tab. 2; Fig. 4; Fig. 5).
Besides the few species analyzed for threats, most
of them appear as CR and EN in both regional and
National red lists. This result indicates the high
level of threat faced by those taxa. Considering
the restrict distribution as one of the main factors
leading to threat within the CCS endemics, most of
the other taxa which are also narrow endemic and
were not evaluated would probably have similar
threat levels. Since the rarest and more restrict
species are the most likely to face extinction risks,
the exclusive flora from the CCS is extremely
threatened. Those species are very specific to a

Kulkamp J, Heiden G & Iganci JRV

more restrict ensemble of environmental traits, or
have low vagility not being able to occupy new
areas. The CCS has to be protected before larger
biodiversity losses occur. Thus, we reinforce the
need of establishing new protected areas to the
remaining patches of the highland grasslands from
Southern Brazil. Protecting the local diversity
including all different grasslands vegetations, from
humid to rocky patches, would increase species
protection and prevent habitat loss.
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