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IMPACTO POTENCIAL DESTA PESQUISA

Esta pesquisa consiste na primeira avaliacdo da frequéncia de ocorréncia de fogo em areas de
campos de altitude de quatro unidades de conservacdo na regido sudeste do Brasil, com o
objetivo de se compreender como o fogo esta afetando este ecossistema em tempo € espago ao
longo de 35 anos (1985-2020). Ademais, foi realizado um levantamento da ocorréncia de
espécies herbaceas nesses locais, a fim de se avaliar o grau de endemismo, ameaga ¢ a
elaboragdo de uma lista de espécies comuns a esses locais visando contribuir com a restauragao
de areas de campos de altitude degradados na regido do Vale do Paraiba e Serra da Mantiqueira.
Esperamos que os resultados obtidos nesta pesquisa possam auxiliar gestores de unidades de
conservagdo ¢ atores da restauragdo a manejar e conservar este ecossistema de maneira
eficiente, atendendo o objetivo 15 — Vida Terrestre dos Objetivos do Desenvolvimento

Sustentavel.

POTENTIAL IMPACT OF THIS RESEARCH

This research is the first evaluation of fire frequency in high-altitude grasslands of four
protected areas in southeastern Brazil, with the aim of understanding how fire is affecting this
ecosystem in time and space over 35 years (1985-2020). In addition, a survey of the occurrence
of herbaceous species in these locations was carried out, in order to assess the level of
endemism, threat species and the elaboration of a list of species common to these locations in
order to contribute to the restoration of degraded high-altitude grasslands in the Vale do Paraiba
and Serra da Mantiqueira region. We hope the results obtained in this research can be a tool for
protected areas managers and actors on restoration to efficiently manage and conserve this

ecosystem, meeting the goal 15 — Life on Earth of the Sustainable Development Goals.
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RESUMO

FERREIRA, M. P. Diniamica temporal da ocorréncia de fogo e registro de espécies
herbaceas em areas de campos de altitude no Brasil. 2023. Dissertagao (Mestrado em
Desastres Naturais) - Universidade Estadual Paulista (Unesp), Instituto de Ciéncia e
Tecnologia; Centro Nacional de Monitoramento ¢ Alertas de Desastres Naturais (Cemaden),
Sao José dos Campos, 2023.

A ocorréncia de eventos extremos, como o aumento da temperatura, o prolongamento do
periodo de estiagem e a reducdo do regime de chuvas, cria um ambiente favoravel para a
ocorréncia de incéndios. O conhecimento de seu historico de ocorréncia ¢ uma ferramenta
importante nos programas de prote¢ao, direcionando as agdes de prevengao e combate. O bioma
Mata Atlantica possui grande riqueza bioldgica, sendo considerado um hotspot. Entre os seus
ecossistemas associados encontram-se os campos de altitude, cuja flora é constituida por
espécies arbustivas e campestres localizadas junto a afloramentos rochosos. Embora existam
registos historicos sobre a ocorréncia de incéndios nestes locais, pouco se sabe sobre o seu
regime atual, bem como sobre a flora impactada por este distirbio. O objetivo desta pesquisa &
entender a dindmica espacial e temporal dos incéndios ocorridos em areas de campos de altitude
de quatro areas protegidas e analisar sua composi¢do floristica em termos de endemismo e
ameaga. A variabilidade interanual do fogo e sua cobertura entre 1985 e 2020 foi realizada
usando imagens Landsat e sua caracterizacao floristica por meio de um levantamento no banco
de dados Specieslink. Nossos resultados mostram que o fogo em campos de altitude ¢ um evento
recorrente e continuo. As areas queimadas cobrem uma grande extensdo espacial nas areas
protegidas, havendo maior frequéncia proéximo aos limites do parque. A maior riqueza de
espécies foi observada no Parque Estadual da Serra do Papagaio (183 espécies), seguido pelo
Parque Nacional do Itatiaia (182), Parque Nacional da Serra da Bocaina (94) e Parque Estadual
de Campos do Jordao (38). O maior nivel de endemismo e espécies ameagadas foi observado
no Parque Nacional do Itatiaia, seguido pelo Parque Estadual da Serra do Papagaio, Parque
Nacional da Serra da Bocaina e Parque Estadual de Campos do Jordao. Asteraceae foi a familia
com maior riqueza de espécies e Baccharis o género com mais espécies. Encontramos 23
espécies comuns em pelo menos quatro areas protegidas. Dada a presenca do fogo como um
evento recorrente e a presenga de espécies endémicas e ameacadas, os campos de altitude
devem ser monitorados rotineiramente para criar um plano de combate mais eficaz e areas de
campos de altitude degradados devem ser protegidas e restauradas na regido do Vale do Regiao
da Paraiba e Mantiqueira.

Palavras-chave: Serra da Mantiqueira; areas protegidas; série temporal; fogo; flora.



ABSTRACT

FERREIRA, M. P. Temporal dynamics of fire occurrence and herbaceous species recorded
in areas of high-altitude grasslands in Brazil. 2023. Sdo José dos Campos. Dissertation Thesis
(Master's degree in Natural Disaster) - Sdo Paulo State University (Unesp), Institute of Science
and Technology; National Center for Monitoring and Early Warning of Natural Disasters
(Cemaden), 2023.

The occurrence of extreme events, such as the increase in temperature, the extension of the
drought period and the reduction in the rainfall regime, creates a favorable environment for
the occurrence of fires. Knowledge of its history is an important tool in protection programs,
directing prevention and combat actions. The Atlantic Forest biome has a great biological
richness, being considered a hotspot. Among its associated ecosystems are the high-altitude
grasslands, whose flora is made up of bush and grassland species located next to rock outcrops.
Although there are historical records about the occurrence of fires in these places, little is
known about their current regime, as well as the flora impacted by this disturbance. The
objective of this research is to understand the spatial and temporal dynamics of fires that
occurred in areas of high-altitude grasslands of four protected areas and analyze their floristic
composition in terms of endemism and threat. The interannual variability of fire and its
coverage between 1985 and 2020 was performed using Landsat images and its floristic
characterization through a survey on the Specieslink database. Our results show that fire in
high-altitude grasslands is a recurrent and continuous event. A large spatial extent of fire
occurrence in the protected areas is occurring, with a higher fire frequency near the park
boundaries. Highest species richness was observed in Serra do Papagaio State Park (183
species), followed by Itatiaia National Park (182), Serra da Bocaina National Park (94) and
Campos do Jorddo State Park (38). Highest level of endemism and threatened species was
observed in Itatiaia National Park, followed by Serra do Papagaio State Park, Serra da
Bocaina National Park and Campos do Jorddo State Park. Asteraceae was the family with the
highest species richness and Baccharis the genera that had more species. We found 23 common
species in at least four protected areas. Given the presence of fire as a recurring event and the
presence of endemic and threatened species, high-altitude grasslands should be routinely
monitored to create a more effective firefighting plan and portions of degraded high-altitude
grasslands should be protected and restored in the Vale do Paraiba and Mantiqueira region.

Keywords: Serra da Mantiqueira; protected areas, time series, fire; flora.
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1 INTRODUCAO

Dentre as principais discussdes em nivel global, as mudancas climaticas sdo um
assunto constante na comunidade internacional devido a sua relagdo com a ocorréncia de
impactos ambientais cada vez mais frequentes. Entre as principais consequéncias advindas das
mudangas climaticas estdo a extingao de espécies ameagadas, riscos a seguranga alimentar, além
daqueles relacionados a eventos extremos como inundagdes costeiras, chuvas extremas e ondas
de calor (NOBRE; MARENGO; SOARES, 2019). O nimero de desastres registrados aumentou
cinco vezes nos ultimos 50 anos, impulsionado em parte pelas alteragdes climaticas induzidas
pelo homem e cuja tendéncia deverd continuar (WORLD METEOROLOGICAL
ORGANIZATION, 2023).

Além das alteracdes nas paisagens naturais, as mudangas climaticas, ocorridas
juntamente com a série de eventos que ainda ocorrerdo, podem ser consideradas uma ameaca a
biodiversidade dos biomas brasileiros, principalmente para as formacdes vegetais compostas
por florestas com maior riqueza e endemismo de espécies, como como a Mata Atlantica ¢ a
Floresta Amazonica (ALEIXO et al., 2010). A ocorréncia de eventos extremos, como o
aumento da temperatura global, a extensdo e maior intensidade do periodo de estiagem, bem
como a redu¢do do regime de chuvas, permite a criacdo de um ambiente favoravel a ocorréncia
de incéndios. Os incéndios florestais sdo eventos geralmente imprevisiveis que provocam
alteragdes significativas em todos os tipos de ecossistemas (ZAITSEV et al., 2016). Essa
perturbagdo, principalmente por causas antropicas (SANTOS; NOGUEIRA, 2015; WHITE;
WHITE, 2016; CLEMENTE et al., 2017), elimina espécies da fauna e da flora e,
consequentemente, modifica os ecossistemas e sua biodiversidade (NUNES et al., 2015).

De acordo com Hardesty et al. (2005), os ecossistemas sdo divididos em sensiveis,
dependentes e independentes do fogo. No Brasil, ecossistemas de savana e campos como o
Cerrado e o Pampa s@o dependentes do fogo e a queima ¢ entendida como um fator ecologico,
pois sua manutengdo ¢ influenciada positivamente por eventos de queimadas (COUTINHO,
1980, 1990; PIVELLO et al., 2021). Por outro lado, as florestas tropicais imidas, como a
Floresta Amazdnica e a Mata Atlantica, sdo ecossistemas sensiveis ao fogo, onde a ocorréncia
de fogo ¢ rara (MEGGERS, 1994) devido as condig¢des climdticas desses locais e, portanto,
considerado um disturbio. Nas ultimas décadas, os incéndios aumentaram na Mata Atlantica,
onde ja foram detectados 277.529 incéndios entre agosto de 2020 e junho de 2021 (INSTITUTO
NACIONAL DE PESQUISAS ESPACIAIS, 2021). Além disso, a por¢ao sudeste da Mata
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Atlantica, o Vale do Paraiba Paulista, estd sujeita a um aumento na probabilidade de queima
(GUEDES et al., 2020). A Mata Atlantica tem convivido historicamente com eventos de
incéndio (COCHRANE, 2003; AXIMOFF; CARVALHO RODRIGUES, 2011), modificando
sua estrutura, composi¢do e capacidade de regeneracao da vegetagao (SILVA et al., 2005).
Além disso, esse bioma ¢ considerado um dos mais alterados do pais (MYERS et al., 2000),
cujo fogo afeta a dinamica de sucessdo vegetal, o desenvolvimento e o futuro da floresta
(SILVERIO et al., 2013) devido a mudancas nas sementes do solo (KENNARD et al., 2002).
Dentro do Bioma Mata Atlantica, existem ecossistemas florestais, como florestas tropicais e
florestas estacionais, onde o fogo ¢ considerado um distirbio, mas existem ecossistemas de
campos de montanha, como campos de altitude, onde o fogo natural, iniciado por raios, pode
ter evoluido com a presenga desses ambientes, porém, apesar dessa coexisténcia, pouco se sabe
sobre o regime e o historico das queimadas.

Os ecossistemas montanhosos ocorrem em todas as zonas climaticas do planeta e
cobrem aproximadamente 25% de sua superficie. As montanhas podem distribuir-se na forma
de extensas cadeias ou como se fossem ilhas emergentes no meio das planicies. As montanhas
possuem grande diversidade topogréafica e geoldgica, o que ¢ fator para altos indices de
diversidade biologica em seus ecossistemas (MARTINELLI, 2007; SPEHN; KORNER, 2005).
Estdo presentes em diversas regides do globo, apresentando diferentes caracteristicas floristicas
e constituem importantes refiigios e corredores ecoldgicos, além disso, costumam apresentar
maior diversidade vegetal do que regides de menor altitude (KORNER, 1999).

Dentre os ecossistemas de montanha, destacam-se os campos de altitude, que sdo um
tipo de formacao vegetal composta principalmente por gramineas e pequenos arbustos restritos
a grandes altitudes. No Brasil, os campos de altitude estdo presentes principalmente nas
montanhas da regido sudeste, na Serra do Mar e Serra da Mantiqueira. Sua vegetagdo ¢
composta por um mosaico de arbustos (com espécies de Baccharis, Vernonia, Eupatorieae,
Tibouchina, Leandra e Myrtaceae), algumas arvores pequenas ou raquiticas (Escallonia,
Weinmania, Rapanea, Symplocos, Maytenus ¢ Roupala), gramineas (Cortaderia,
Calamagrostis e Andropogon) e até mesmo bambus (Chusquea spp.), além disso, algumas ervas
e pteridofitas também podem ser encontradas. Grande parte da vegetagdo em campos de altitude
¢ distribuida dependendo da topografia local, sistema de drenagem e tipo de solo (SAFFORD,
1999a). Segundo Scarano et al. (2016), € notavel a falta de projecdes relativas aos efeitos das
mudancas climaticas nos campos de altitude e suas espécies locais. Em ecossistemas

montanhosos, também hé evidéncias que sugerem que o aquecimento global reduzira a area
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disponivel para espécies ja adaptadas a esses habitats (SPEHN; KORNER, 2005; PEREZ-
GARCIA et al., 2013). Além disso, as proje¢gdes também apontam para um aumento de espécies
invasoras em habitats de alta montanha (BELLARD et al., 2013; BERTELSMEIER et al.,
2013).

Embora existam registros de paleofogos em campos de altitude datando de
aproximadamente 20.000 anos, antes mesmo da chegada dos humanos (BEHLING, 1997;
BEHLING et al., 2007; BEHLING; SAFFORD, 2010; VERISSIMO et al., 2012), além da
citagdo de ocorréncia de incéndio nesses locais por estudiosos (DUSEN, 1955; BRADE, 1956),
pouco se sabe sobre sua dinamica de ocorréncia, com escassos estudos sobre o assunto.
Atualmente, a ocorréncia de incéndios florestais ¢ uma das maiores ameagas aos campos de
altitude do sudeste brasileiro, pois esta vegetacdo apresenta algumas caracteristicas que
contribuem para a passagem do fogo, como o clima seco e frio, vegetacdo seca durante o
inverno e ventos fortes (BRADE, 1956; SEGADAS-VIANNA; DAU, 1965; SAFFORD,
1999a; RIBEIRO et al., 2007). Além disso, os campos de altitude sdo circundados por diversas
propriedades rurais onde o fogo ¢ utilizado como forma de manejo em algumas atividades
agropecuarias, havendo o risco de que o fogo utilizado por esses proprietarios rurais acabe se
alastrando e atingindo areas protegidas em unidades de conservacdo ou mesmo espécies
ameacadas que estdo presentes nesses ambientes

Os campos de altitude s@o o ecossistema que mais difere do restante da Mata Atlantica,
além de ser a inica regido de clima frio e imido da face leste da América do Sul. Para bidlogos,
geografos e conservacionistas, os campos de altitude deveriam ser priorizados devido a sua
diversidade, altos indices de endemismo de flora ¢ conexdes com outras formagdes das
Américas, mas isso ndo ocorre devido ao desinteresse dos pesquisadores brasileiros em
ecossistemas montanhosos e o carater "andinocéntrico" das pesquisas sobre esses ecossistemas
na América do Sul (SAFFORD, 1999b).

Para Ireland (2013), o conhecimento do histérico de incéndios e informacgdes
estatisticas sobre o tamanho e a area de ocorréncia dos incéndios sdo uma ferramenta importante
nos programas de prote¢ao florestal. Além disso, os gestores das areas protegidas podem utilizar
essas informagdes para melhor direcionar as agdes de prevencdo e combate. Além disso, o
conhecimento dos fatores de igni¢do ¢ de fundamental importancia para estabelecer programas
de prevencdo e combate a incéndios florestais, principalmente em areas naturais protegidas
(OLIVEIRA et al., 2018). Por outro lado, Lima et al. (2018) apontam que as areas protegidas

no Brasil apresentam baixa capacidade de combate aos incéndios florestais, pois
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aproximadamente 51% dos incéndios ocorridos nesses locais queimaram uma area superior a 4
ha entre 2008 e 2012.

A vasta extensao territorial do Brasil e sua cobertura vegetal diversificada, bem como
seu significativo nimero de incéndios florestais, enfatizam a necessidade de aprimorar os
sistemas existentes de controle e deteccdo desses incéndios (CAULA et al., 2015). Para Silva
(2014) e Morrison (2014), o monitoramento de queimadas por meio de imagens orbitais de
satélite ¢ o meio mais eficiente e de baixo custo em paises com grande extensao territorial como
o Brasil. Nos tltimos anos, houve uma melhoria na capacidade de processamento dos dados
obtidos pelos sensores de imagem, permitindo obter informagdes sobre uso e cobertura do solo,
bem como areas queimadas, para grandes areas. Iniciativas como o MapBiomas t€ém sido bem-
sucedidas nessa forma de obter dados sobre cicatrizes de queimaduras, bem como sobre uso ¢
cobertura da terra.

Tal abordagem permite focar nas quatro prioridades de acdo para desastres presentes
no Quadro de Sendai (UNITED NATIONS, 2015), a saber: compreensao do risco de desastres;
fortalecer a governanga do risco de desastres visando sua gestdo; investir na redu¢do do risco
de desastres para resiliéncia e melhorar a preparagado para desastres para uma resposta eficaz e
“reconstruir melhor” na recuperagao, reabilitacdo e reconstrucao.

Devido a constante mudanga no clima, o fogo causado pelo homem e estratégias
inadequadas de manejo do fogo, hipotetizamos uma tendéncia constante de sua ocorréncia em
campos de altitude. Em relacdo a sua fauna, levantamos a hipdtese de que areas protegidas com
mais areas queimadas e mais espécies endémicas tém maior risco de extingdes locais e espécies
que sdo comuns a mais de uma area protegida tendem a ser menos propensas a serem
impactadas pelo fogo. Este trabalho visa compreender a dindmica espacial e temporal dos
incéndios ocorridos em quatro unidades de conservacdo durante 35 anos (1985 a 2020). Os

objetivos foram:

a) Quantificar e comparar as areas queimadas anualmente em campos de altitude;
b) Mapear as frequéncias de queima por ano em campos de altitude;
c) Analisar a flora dos campos de altitude, verificando o seu grau de endemismo e

ameaga.
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2 ARTIGOS

2.1 Artigo — Ferreira, M. P., Alcantara, E., Massi, K. G. Dindmica temporal da ocorréncia
de fogo em areas de campos de altitude no Brasil / Temporal dynamics of fire occurrence

in areas of high-altitude grasslands in Brazil

Artigo elaborado de acordo com as normas do Peridodico Rangeland Ecology and Management

(Print version ISSN 1550-7424). Enviado para publicagao em: 18/7/2023.

ABSTRACT

Fire is a global disturbance in many terrestrial ecosystems. More intense fires are occurring
not only in fire-prone ecosystems but also in fire-sensitive areas. Managing and conserving the
essential processes of grasslands still remains a challenge although their importance and
attempts to protect this ecosystem. We aimed to analyze spatial and temporal dynamics of fire
during 35 years (1985 to 2020) in high-altitude grasslands of four protected areas in southeast
Brazil. The inter-annual variability of fire and the grasslands cover between 1985-2020 were
assessed by using burned area and land use and land cover data from Landsat satellite. Our
results reveals that fire in high-altitude grasslands over the last 35 years tend to occur more
frequently and continuously. A large spatial extent of fire occurrence in the protected areas is
occurring, with a higher fire frequency near the park boundaries. Our work contributes as a
first step to guide appropriated fire management in high-altitude grasslands. This is crucial
because more studies on fire impacts and the ideal fire regime to maintain this ecosystem is
urgent.

Key-words: Serra da Mantiqueira; Protected areas, High-altitude grasslands, Fire; Time
series.
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Introduction

Natural disasters are generally divided into two main categories: geophysical
(wildfires, floods, earthquakes and droughts) and biological (biotic stresses) (Bokwa 2013).
Among geophysical disasters, forest fires occur annually worldwide, affecting the population
and the environment of adjacent areas with significant economic and ecological losses, and
often human victims (Rodriguez-Martinez and Vitoriano 2020). On a global scale, fire is one
of the most important disturbances in terrestrial ecosystems, being widely used by humans in
order to modify the forest vegetation, especially in tropical and subtropical ecosystems (Van
Der Werf et al. 2010). Existing studies show that the estimated global annual burning area is
approximately 420 million hectares (Giglio et al. 2018).

With grass-dominated (such as grasslands, meadows) or co-dominated (such as
savannas, steppes) biomes occurring in mountain regions of all continents (except Antarctica),
grasslands (18%) are the second most dominant landcover in the world's mountains, followed
by forests (34%) (Vidal Jr et al. 2021), occurring in areas where the tree cover is constrained
by edaphic or climatic factors, or by disturbances like fire, herbivory or flooding (Leys et al.
2018). Grassland systems currently account for 80% of earth's annual fire activity although
making up only 40% of the planet's land surface (Mouillot and Field 2005). Although the
majority of grassland fires take place in Africa and Australia, substantial grassland fires also
occur in the Americas and Asia as a result of both human activities (Roos et al. 2014) and
wildfires (Van Der Werf et al. 2006). While mountain grasslands were historically primarily
managed for the purpose of providing forage, their significance for regulating (e.g. soil
stability, water protection, and carbon storage) and cultural ecosystem services (e.g. aesthetic
and recreational values) is now becoming more widely acknowledged (Lamarque et al. 2011;
Biirgi et al. 2015). Despite widespread recognition of their importance and varied attempts to
protect grasslands around the world, managing and conserving their essential processes
remains a significant challenge (Leys et al. 2018).

According to Hardesty et al. (2005), ecosystems are divided into dependent, sensitive
and independent of fire. In Brazil, fire-dependent ecosystems are formed by grasslands and
savannas of the Cerrado, Pampa and Pantanal, while fire-sensitive environments are restricted
to humid tropical forests, dominant in the Amazon basin and in the Atlantic Forest, which
present no indication of evolutionary history influenced by fire and their species do not have
adaptations that favor its resistance to and resilience after fire events (Pivello 2021). Plus, the

Caatinga is classified as fire-independent under the natural fire regime and conditions (Pivello
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2011). More recently, not only fire-prone ecosystems are experiencing more intense wildfires,
but also fire-sensitive areas are also facing large-scale burning events (UNEP 2022).

In recent decades, fires have increased in the Atlantic Forest, where 277,529 fires have
already been detected between August 2020 and June 2021 (INPE 2021). Although the use of
fire in this biome is prohibited and allowed under specific circunstances (Brasil 2012), its
frequent occurrence results in lowered humidity, increased forest environment dryness,
decreased tree cover, and altered species richness (Fu et al. 2013; Carvalho et al. 2022).
Furthermore, this biome is considered one of the most altered in the country (Myers et al. 2000),
where fire affects the dynamics of plant succession, development and future of the forest
(Silvério et al. 2013; Sansevero et al. 2020). Also in the southeastern portion of the Atlantic
Forest, the Vale do Paraiba Paulista, is subject to an increase in the burning probability
(Guedes et al. 2020).

Within the Atlantic Forest biome, there are forest ecosystems, such as rainforests and
seasonal forests, where fire is considered a disturb, but there are grassland ecosystems, such
as high-altitude grasslands (in portuguese, campos de altitude), where natural fires, started by
lightning, may have evolved along with these environments, however little is known about its
burning regime and history and studies on the subject are scarce. Aximoff (2011) and Aximoff
and Rodrigues (2011), reported that anthropogenic fires in high-altitude grasslands are
occurring with higher frequency, while natural events are rare. The high-altitude grasslands
occur in the high altitudes (higher than 1200 m) and on mountains (such as Serra da
Mantiqueira) and its flora consists mainly of bush and grassland species located next to the
outcrops of rocks (IBGE 2012; Meireles et al. 2014), having as main characteristics the dry
climate, constant winds, frosts and presence of a large amount of dry plant biomass (Brade
1956, Safford 1999), favoring fires that may be intensified due to climate changes and
anthropogenic pressures.

A deeper understanding about past and current fire occurence in this vegetation is
central to prevent and combat illegal fires, as well as developing clear goals for fire
management (Pivello et al. 2021). Additionally, this knowledge may help to carry out controlled
burning, in addition to understanding and combating externalities present in the surroundings
of protected areas that may trigger a major fire event. Thus, we aimed to analyze spatial and
temporal dynamics of fire during 35 years (1985 to 2020) in high-altitude grasslands of four
protected areas in southeast Brazil. We assessed fire frequency in the region by considering

inter-annual variability and examined trends in burned areas and land use and land cover.
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The study was carried out in four protected areas (PA) with high-altitude grasslands,

two national parks (PARNA) and two state parks (PE) (Table 1), located in Southeast Brazil

(Figure 1), in Sdo Paulo, Rio de Janeiro and Minas Gerais states, in the Atlantic Forest biome.

Table 1. Size, date of creation, coordinates, soil, vegetation, climate, altitude and location of
each studied protected area in Brazil.

Protected area  Size  Creation  Coordinates Soil Vegetation Climate Altitude Municipalities
(ha)
PE Campos do 8,341 Lei 22°41°26.55 Argisols, Mixed Temperate, 1500-2000m SP (Campos
Jordao Estadual S/ Cambiso Ombrophilo  with mild do Jordao)
n®11.908 45°29'35.28 s, us Forest; summer
/27 de "W Latosols, Dense
marco de Neosols  Ombrophilo
1941 us Forest;
High-
altitude
grasslands;
anthropized
areas with
reforestation
of Pinus sp
and other
exotic
species.
PE Serra do 2291 Decreto 22°08’31.85 Espodos Nebular Altitude 1160-2340m MG
Papagaio 7 Estadual S/ ols, Forest; high  subtropical, (Aiuruoca,
n®39.793 44°43'43.40 Cambiso altitude with dry Alagoa,
/05 de "W Is, grasslands winter and Baependi,
agosto de Neosols, mild Itamonte,
1998 Organos summer Pouso Alto)
ols
PARNA do 28,08 Decreto 22°22°22.03  Argisols, High Altitude 540-2791m MG (Bocaina
Itatiaia 4 Federal 7S/ Cambiso Montane subtropical, de Minas,
n® 1.713/ 44°42°14.27 s, Dense with dry Itamonte); RJ
14 de "W Latosols Ombrophilo  winter and (Ttatiaia,
junho de us Forest; mild Resende)
1937 Montane summer

Dense



PARNA da
Serra da
Bocaina

104,0 Decreto

00

22°44°14.34
Federal ”S / 44°
n® 68.172 36’56.59”W
/4 de
fevereiro
de 1971

Argisols,
Cambiso
Is,
Espodos
ols,
Latosols,
Neosols

Ombrophilo
us Forest;
Montane
Semideciduo
us Forest;
Campos
Rupestres;
high altitude
grasslands

High altitude 0-2095m
grassland,
High
Montane
Dense

Temperate,
with mild
summer

Ombrophilo
us Forest,
Montane
Dense
Ombrophilo
us Forest,
Submontane
Dense
Ombrophilo
us Forest,
Restinga
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SP (Sao José
do Barreiro,
Ubatuba,
Cunha,
Areias); RJ
(Paraty, Angra
dos Reis)
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Figure 1. Overview of the study sites. (a) Location of the conservation units (PE - State park;
PARNA - National park). (b-e) Land use and land cover in 2020 for (b) PE Campos do Jordao,
(c) PE Serra do Papagaio, (d) PARNA do Itatiaia, (e¢) PARNA da Serra da Bocaina.

PE Campos do Jordao is a priority region for conservation (FAPESP and Secretaria
Estadual do Meio Ambiente 2007) and its management plan is one of the first created in Brazil
(Fundagdo Florestal 2015). PARNA do Itatiaia, the first national park of Brazil is part of
Atlantic Forest Biosphere Reserve and of Mosaic of Protected Areas of Serra da Mantiqueira,
which is an instrument established by the National System of Nature Conservation Units Law
(SNUC) to strengthen integrative and participative management of areas (Tomzhinski 2012).
Furthermore, it is an extremely high priority for biodiversity conservation by Ministry of the
Environment (MMA 2004). PARNA da Serra da Bocaina, considered an important fragment of
Atlantic Forest, has a large biodiversity and several ecosystems, in addition to a territory with
high endemism, ecological refugees and endangered species (IBAMA 2002). Lastly, PE da
Serra do Papagaio integrates the Ecological Corridor of Mantiqueira and the Serra da
Mantiqueira Environmental Protection Area (APA) protecting, along with PARNA do Itatiaia,
one of the largest fragments of native vegetation of the Mantiqueira (Instituto Estadual de
Florestas 2009). PARNA da Serra da Bocaina is the largest protected area and PE Campos do
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Jorddo, the smallest (Table 1). All of them are under temperate and subtropical climate
(Alvares et al. 2015; EMBRAPA, 2022), with high-altitude grasslands and altitudes reaching
2791 m (Table 1).

Database

Land use and land cover data

Land use and land cover were gathered from MapBiomas project (Souza et al. 2020),
collection 7. Using a Random Forest machine learning classification process on Landsat
images with a spatial resolution of 30m, being processed on Google Earth Engine cloud
processing (https://mapbiomas.org/visao-geral-da -methodology ?cama_set language=pt-
BR), we obtained maps of land use and land cover. Time range comprised the period between
1985 and 2020, with one image per year, where 1985 was the first year available in the time
series.

For the selection of areas corresponding to high-altitude grasslands, once MapBiomas
does not have a standardised classification for this ecosystem, we selected the natural covers
that most resemble this phytophysiognomy within the four protected areas, namely: rocky
outcrop (afloramento rochoso, 29), grassland formation (formagdo campestre, 12) and natural
non forest formation (formagdo natural nao florestal, 10). Meaning of the values of these
attributes can be found in https://mapbiomas-br-
site.s3.amazonaws.com/Legenda/Legenda Colec%CC%A7a%CC%830 7 PT-EN.pdf.

Burned area

Time series of burned area data was obtained from the MapBiomas Fogo project
(Souza et al. 2020), collection 1. To carry out mapping of scars, machine learning algorithm
(deep learning) was applied on the Google Earth Engine and Google Cloud Storage platform
(https://mapbiomas.org/metodo-mapbiomas-fogo-1). Time series range comprised the same
period of land use and land cover data (1985-2000), obtaining an annual image comprising the
burn scars for each year.

Data processing

Each raster image went through the vectorization process, where the image
corresponding to the burn scar overlapped with the image corresponding to the areas of high-
altitude grasslands in order to quantify the yearly burned area per hectare. For the recurrence
maps, the 35-year burned area layers were stacked and the pixel overlapped was spatially
accounted for. The cartographic database was standardized to datum SIRGAS 2000, projection
UTM - 23S. All analyses were generated and processed in QGIS 3.16.4 software (Figure 2).
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Figure 2. Workflow of data processing

Results
Land use and land cover

Most of high-altitude grasslands were classified as rocky outcrops, followed by
grassland formation (Table 2). Non-forest formation was not observed in the conservation
units. PARNA do Itatiaia, PE Serra do Papagaio, PARNA da Serra da Bocaina and PE Campos
do Jorddo, in this order had the largest to the smallest total area of high-altitude grasslands
(Table 2).

Table 2. Size (ha) of rocky outcrop (AR) and grassland formation (FC) in each protected area
(PA). PE: State park e PARNA: National park.

PA/Year PE Campos do PARNA da Serra PARNA do PE Serra do Papagaio
Jordao da Bocaina Itatiaia
AR AR AR AR FC
1985 215.53 1545.90 4590.23 1877.70 753.11
1990 209.24 1524.89 4602.85 1832.50 948.53
1995 206.65 1524.64 4566.21 1821.31 963.86

2000 235.33 1573.70 4600.14 1864.51 1366.20
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2005 235.53 1590.84 4623.10 1867.46 1492.89
2010 254.03 1577.24 4668.94 1960.74 1800.28
2015 352.54 1676.89 4874.51 2074.32 2351.51
2020 362.13 1702.24 4940.86 2118.15 2689.93

In PE Campos do Jorddo, PARNA da Serra da Bocaina, PARNA do Itatiaia and AR
of PE Serra do Papagaio, we observed the smallest area in 1995 and the largest in 2020, FC
of PE Serra do Papagaio had the smallest area in 1985 and the largest in 2020. Over the years,
PE Serra do Papagaio had an increase in FC (1936.82 ha), followed by PARNA do Itatiaia
(387.27 ha). On the other hand, FC of PE Serra do Papagaio had the greatest area loss (-56.39
ha), followed by the AR of PARNA do Itatiaia (-36.64 ha) and PARNA da Serra da Bocaina (-
34. 86 ha), between 1985 to 2020.

Burnings

Part of these losses can be explained by fires. Over the last 35 years (Table 3), the
areas burned in FC in PE Serra do Papagaio totaled 2685.64 ha, followed by the AR in PARNA
Itatiaia (5642.90 ha), PARNA da Serra da Bocaina (1842.97 ha), in FC of PE Serra do
Papagaio (1590.90 ha) and in PE Campos do Jorddo (202.02 ha). Thus, the high-altitude
grasslands in PARNA da Serra do Papagaio and PARNA Itatiaia had the highest fire extension.

Over the years, between 1985 and 1990, we verified that AR of PE Campos do Jorddo
and PARNA da Serra da Bocaina burned less, as well as between 1996 and 2005 did PARNA
do Itatiaia and PE Serra do Papagaio. On the contrary, between 1985 and 1995, PARNA do
Itatiaia and PE Serra do Papagaio had an increase in burning extent. PE Campos do Jorddo,
PARNA da Serra da Bocaina and PARNA do ltatiaia had an increase in high-altitude
grasslands burned between 2011 and 2020.

Table 3. Accumulated burned area (ha) of afloramento rochoso (AR) and formag¢do campestre
(FC) inside each protected area (PA). PE: State park and PARNA: National park.

PA/year PE Campos do PARNA da Serra PARNA do PE Serra do Papagaio
Jordao da Bocaina Itatiaia

AR AR AR AR FC
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1985-1990 8.14 175.23 2604.18 111.24 147.10
1991-1995 46.44 251.90 143.73 288.75 220.24
1996-2000 31.53 332.71 52.09 127.05 232.42
2001-2005 18.46 217.86 590.51 79.79 109.81
2006-2010 30.67 253.16 1715.95 113.15 286.41
2011-2015 55.97 230.98 124.99 281.52 528.07
2016-2020 10.81 381.12 411.46 508.40 1161.59

Relatively, FC of PE Serra do Papagaio were the most burned areas, followed by the
AR of PARNA do Itatiaia, which cumulatively burned 156% and 122% of total areas
respectively. AR of PE Serra do Papagaio (78%), followed by PE Campos do Jorddo (82%)
burned less. Between 1985 and 1995, there were proportionally more burned areas in PE
Campos do Jordao (19%) and PE Serra do Papagaio (10% - afloramentos rochosos), while the
highest proportion of burned area occurred between 2011 and 2020 in PE Serra do Papagaio
(19% - FC and 10% - AR), PARNA da Serra da Bocaina (8%,) and PARNA do Itatiaia (6%).

Most of the high altitude grasslands in the four studied protected areas burned at least
once along the parks, except for PARNA da Serra da Bocaina that has some sites that never
burned. In PE Campos do Jorddo (Figure 3, a), the maximum burn frequency reached four
times, but most of the burned areas burned twice during the 35 analyzed years. In PE Serra do
Papagaio (Figure 3, b) fires were dispersed all over the entire park, mostly burning two to four
times, with some places reaching 17 times in 35 years (in mid north region, followed by mid
south region and the north region). In PARNA do Itatiaia (Figure 3, c), although there is a
higher burning frequency of up to 28 times in the central region, they are mostly represented
by small patches surrounded by low frequent and large continuous burned patches. The north
portion of the park is represented by small and low frequent isolated burned patches. Most of
PARNA da Serra da Bocaina (Figure 3, d) had low frequent and dispersed burned patches in
the northeast portion of the park. We verified a higher burning frequency of up to 14 times in

the northwest portion, close to the park boundary.
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Figure 3. 35 years (1985-2000) of burn extent and frequency and the AR (afloramento rochoso)
and FC (formagdo campestre) cover in 2020 of the high-altitude grasslands of the PE Campos



25

do Jordao (a), PE Serra do Papagaio (b), PARNA do Itatiaia (c) and PARNA da Serra da
Bocaina (d).

The burned areas were not uniformly distributed in the high-altitude grasslands. In
PE Campos do Jorddo (Figure 4, a), a major fire was observed in 1994, burning around 23%
of them, while in the remaining years burned areas were less than 10%, with zero burning
events from 2017 to 2020. Fire was not a regular event in PE Campos do Jorddo. In PE Serra
do Papagaio (Figure 4, b), major burning events were observed in 1994, 2011, 2017 and 2020,
ranging from 15% to 30% of the area of high-altitude grasslands. From 2010-2020, there were
more areas being burned in grassland formations than in rocky outcrops. Moreover, fire was a
regular event in PE Serra do Papagaio, not occurring in 1992 and 2005, only. Although burned
areas in PARNA do Itatiaia (Figure 4, c) were less than 5% over the years, major burning
events were identified in 1988 (burning more than 50% of high-altitude grasslands), 2001, 2007
and 2010, burning 11.2%, 16.7% and 18.6%, respectively. After those major fire events, the
following burning areas occurred more recently in 2016 (1.4%), 2017 (2.2%) and 2019 (3.6%).
In PARNA da Serra da Bocaina (Figure 4, d), fire occurrence was more uniformly distributed,
but without a major burning event. Only 1994, 2013 and 2017, burned around 10% of high-
altitude grasslands.
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Figure 4. Burned area across PE Campos do Jorddo (a), PE Serra do Papagaio (b), PARNA
Itatiaia (c) and PARNA da Serra da Bocaina (d) from 1985 to 2020, Brazil.
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Discussion
Implications for fire management

Our spatiotemporal analysis highlights a knowledge gap on fire dynamics in high-
altitude grasslands and provides a compelling case for new policies in land management inside
protected areas and its surroundings. It is important to address this issue due to 1) the spatial
extent of fire occurrence, 2) the frequent and extensive reburning over the years, 3) the possible
major impacts on biodiversity and ecosystem services. Taking into account the current climate
change scenario, where extreme events are predicted to include significant temperature
increases and the extension of dry periods during winter (Marengo et al. 2010, IPCC 2023) fire
risk will increase steadily in high-altitude grasslands (Aximoff at al. 2016) and the extinction
of endangered and rare species may occur as a result of altered burning regimes (Aximoff and
Rodrigues 2011).

High-altitude grassland areas have increased over the years and fire has been burning
extensive areas in the four protected areas. Although there might be misinterpretations in land
use and land cover image classification process, part of this increase in grassland areas might
be due to fire. For Serra da Bocaina National Park (IBAMA 2002) and Serra do Papagaio State
Park (Instituto Estadual de Florestas 2009), the occurrence of indiscriminate fire is mentioned
as one of the causes of the increase in grassland areas.

Extensive areas have been burned repeatedly (at least 2 times) over the years, which
emphasizes the anthropic occurence of fires. Natural fires in these sites are ignited by lightning
and spread over small areas, due to rains that fall after, while anthropogenic ones occur in
large extensions and in the middle of the dry season. Adamek et al. (2015) found that the
majority of fires in the Bohemian Switzerland National Park (BSNP), in the northwest of the
Czech Republic, had unidentified or unreported causes (83%,), with tourists being the main
causes of 10% of fires, cigars accounting for 4% and 3% for lightnings. In addition, the
majority of fires in the Itatiaia National Park had unknown causes and agents (88%), while the
majority of the remaining incidents (83%) were caused by people, primarily for the purpose of
cleaning up and renewing pastures (43%) (Aximoff and Rodrigues 2011). According to authors,
the lack of information about causes and agents is a consequence of the precariousness of
employees. The proportion of unidentified causes for major fires in southern France was high
until 2003, but has significantly decreased since then as a result of more effective investigations
(Ganteaume and Jappiot 2013).

Fire has been a constant over the years in study areas, and major fire events were
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widely reported. In Campos do Jorddo State Park, 50% of the park was burned in 1994, whose
suspected cause was intentional (Chapier and Teles 1994). One of the largest fires in Serra do
Papagaio State Park occurred in 2017 and lasted more than a week, where individuals fired
gunfires, threatening brigade teams, which undoubtedly indicates that fires started
intentionally and criminally (Rodrigues 2017). In 1988, Itatiaia National Park had the largest
fire event in the last four decades, larger than extensions of 2001, 2007 and 2010 fires and no
other fires were reported in high-altitude grasslands around the rocky outcrops of Agulhas
Negras and Prateleiras (Tomzhinski et al. 2012). In Serra da Bocaina National Park, one of
the major fires occurred in 2017 and lasted four days, probably caused by pasture reform
burning not meant to spread (Moreira 2017).

The management plans of the protected areas address fire issues in different aspects,
especially describing the historical context of occurrence. In Campos do Jorddo State Park, the
historical use of fire is not addressed, but the buffer zone is divided into different zones of
fragility in order to help to monitor and control fire outbreaks (Fundagdo Florestal, 2015). In
Serra do Papagaio State Park, according to the management plan mentions, anthropic
pressure, such as cattle and fire use to renew pastures, strongly influences the distribution of
grassland formations (Instituto Estadual de Florestas, 2009). There are often both natural and
anthropogenic forest fires in this protected area and, in 2011, a major fire affected grasslands
and forests (Santana et al. 2020).

In Itatiaia National Park, fires have been recorded since the 18th century (Dunsen,
1955, Brade, 1956). The highest number of fire events occur outside the Park, but, the largest
fires occur within the protected area, in high-altitude grasslands, due to the combination of
pasture and altered vegetation (ICMBIO 2013). Several studies registered fires in different
years and regions of this park (Aximoff 201 1; Aximoff and Rodrigues 2011; Nunes et al. 2015,
Aximoff et al. 2016, Belchior et al. 2020). In Serra da Bocaina National Park, burnings are a
common practice to maintain pastures and clear land (IBAMA, 2002). Also, according to the
management plan, park residents and local leaders point to an increase in fire incidence after
the park creation decree of 1971, as a form of retaliation. According to Medeiros and Fiedler
(2004), the non-regularized land situation within the protected areas increases the pressure on
conservation of natural resources. Plus, Aximoff and Rodrigues (2011), identified that internal
and surrounding land regularization is a fundamental action for prevention of fires in protected
areas. In Europe, conflicts with the local population, due to the lack of understanding and

perceived benefits in management plans of those areas, make some protected areas more
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vulnerable to fires (Fuentes-Santos et al. 2013).

Regarding presence of fire brigades, Campos do Jorddo State Park is part of
Operagdo Corta-Fogo (State System for Forest Fires Prevention and Fighting), regulated by a
state decree which place municipalities locally competent for prevention, control, inspection
and fire fighting in areas with native vegetation cover (Sdo Paulo 2010). Both Serra da Bocaina
(IBAMA 2002) and Itatiaia (ICMBIO 2013) National Parks have fire brigades, with a staff of
9 and 28 persons, respectively. Serra do Papagaio State Park (Instituto Estadual de Florestas
2009) does not seem to count on fire brigades, but the presence of outsourced workers in
fighting fires. There is not a norm or regulation about people and adequate structure for
brigade members, but in general Brazilian protected areas are understaffed. Thus, with a
limited amount of equipment, financial and human resources, park managers must decide the
most efficient application of subsidies in actions, such as prevention (environmental education
campaigns), fuel management (prescribed burning and mechanical treatments), pre-
suppression (planning and preparation, recruitment and training of firefighters, maintenance
of firebreaks and water points), suppression and restoration measures (Mavsar et al. 2010).

Prescribed burning has been advocated as a method for preserving biodiversity of the
Cerrado grasslands, and it is even permitted in their protected areas where management plans
call for it (Miranda 2010). Although prescribed burning has become a tool of management
increasingly used in several ecosystems in the world, which what is known is that the use of
fire, under controlled conditions, allows the reduction of combustible material, thereby
minimizing its extent and severity (Silva et al. 2021). We expect that this kind of "learning from
managing" is soon expanded to additional protected areas after experimental controlled fire in
high-altitude grasslands was recently applied in Itatiaia National Park (Portes et al. 2018).

As shown in this study, fire has been occurring with different frequencies in high-
altitude grasslands over the four studied protected areas in southeast Brazil. This information
is crucial to help park and fire managers to detect sensible regions where actions are needed
for fire prevention and combat plan. Although there are indications that fire is a significant
ecological factor influencing species diversity in areas of high-altitude grasslands (Fidelis and
Pivello 2011, Siihs et al. 2020), more studies on fire impacts and the ideal fire regime in order

to maintain this ecosystem is urgent.
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RESUMO

O bioma Mata Atlantica ¢ um hotspot de biodiversidade com grande diversidade de
ecossistemas, incluindo campos de altitude. Este ecossistema apresenta altas taxas de
endemismo e estdo sendo ameacados por atividades antropicas mesmo dentro de areas
protegidas. Este estudo teve como objetivo sistematizar informagdes sobre sua flora em quatro
areas protegidas no sudeste do Brasil, a fim de avaliar espécies comuns que poderiam ser
utilizadas em esfor¢os de restauragdo e espécies raras que necessitam de acdes de conservagao.
Neste estudo, realizamos um levantamento de todas as espécies digitalizadas que ocorrem nos
campos de altitude das areas protegidas a partir de um dos conjuntos de dados vegetais
digitalizados mais abrangentes do Brasil, o SpeciesLink. Registramos 381 espécies, distribuidas
em 196 géneros e 77 familias. A maior riqueza de espécies foi observada no Parque Estadual
da Serra do Papagaio (183 espécies), seguido pelo Parque Nacional do Itatiaia (182), Parque
Nacional da Serra da Bocaina (94) e Parque Estadual de Campos do Jordao (38). Asteraceae foi
a familia com maior riqueza de espécies e Baccharis o género com mais espécies. A presenga
de endemismo foi observada em todas as areas protegidas e espécies ameacadas nao foram
observadas no Parque Estadual de Campos do Jordao. Encontramos 23 espécies comuns em
pelo menos quatro areas protegidas com menor risco de extingdo local. Considerando que
algumas dessas espécies podem estar ameagadas, nosso trabalho destaca a importancia de
proteger e restaurar areas degradadas de campos de altitude no Vale do Paraiba e na regido da
Mantiqueira.

Palavras-chave: Mata atlantica; Unidades de conservacgao; Conservacao; Restauracgao.

ABSTRACT

The Atlantic Forest biome is a biodiversity hotspot with a large diversity of ecosystems,
including high-altitude grasslands. This ecosystem have high rates of endemism, which are
being threatened by anthropic activities, even inside protected areas. This study aimed to
systematize information regarding its flora in four protected areas in southeast Brazil, in order
to assess common species that could be used in restoration efforts, and rare species that need
conservation actions. In this study, we conducted a survey of all digitized species occurring in
the high-altitude grasslands of the protected areas from one of the most comprehensive
digitized plant datasets in Brazil, the SpeciesLink, We recorded 381 species, distributed in 196
genera and 77 families. Highest species richness was observed in Serra do Papagaio State Park
(183 species), followed by Itatiaia National Park (182), Serra da Bocaina National Park (94)
and Campos do Jorddo State Park (38). Asteraceae was the family with the highest species
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richness and Baccharis the genera that had more species. The presence of endemism was
observed in all protected areas and threatened species was not observed in Campos do Jorddo
State Park. We found 23 common species in at least four protected areas with a lower risk of
local extinction. Considering that some of these species may be under threat, our work
highlights the importance to protect and restore areas of degraded high-altitude grasslands in
the Vale do Paraiba and Mantiqueira region.

Key-words: Atlantic forest; Protected areas; Conservation; Restoration.

RESUMEN

El bioma del Bosque Atlantico es un punto critico de biodiversidad con gran diversidad de
ecosistemas, incluidos los pastizales de altura. Este ecosistema tiene altos indices de
endemismo, siendo amenazado por las actividades humanas incluso dentro de las areas
protegidas. Este estudio tuvo como objetivo sistematizar informacion sobre su flora en cuatro
dreas protegidas en el sureste de Brasil, con el fin de evaluar especies comunes y raras que
podrian ser utilizadas en esfuerzos de restauracion y conservacion. En este estudio, evaluamos
todas las especies digitalizadas que se encuentran en los pastizales de altura a partir de uno
de los conjuntos de datos de plantas digitalizados mas completos de Brasil, SpeciesLink.
Registramos 381 especies, distribuidas en 196 géneros y 77 familias. La mayor riqueza de
especies se observo en el Parque Estadual Serra do Papagaio (183 especies), seguido por
Parque Nacional Itatiaia (182), el Parque Nacional Serra da Bocaina (94) y el Parque
Estadual Campos do Jordao (38). Asteraceae fue la familia y Baccharis el género con mayor
riqueza de especies. La presencia de endemismo se observo en todas las dreas protegidas y las
especies amenazadas no se observaron en el Parque Estadual Campos do Jorddo. Encontramos
23 especies comunes en al menos cuatro dreas protegidas con un menor riesgo de extincion
local. Teniendo en cuenta que algunas de estas especies pueden estar amenazadas, nuestro
trabajo destaca la importancia de proteger y restaurar dreas degradadas de pastizales de
altura en Vale do Paraiba y en la region de Mantiqueira.

Palabras-clave: Bosque atlantico,; Areas protegidas, Conservacion, Restauracion.
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1. Introduction

The Atlantic Forest biome, a biodiversity hotspot (Myers et al., 2000), originally
covered an area equivalent to 1,315,460 km? from northeast through south Brazil (IBGE, 2012),
including parts of Paraguay and Argentina. Due to intense deforestation and human
disturbance that mostly occurred in the first half of the 19th century (Dean, 1996), only about
13% of Atlantic Forest biome native vegetation cover remains in Brazil (Fundag¢do SOS Mata
Atlantica/INPE, 2018). Nature reserves protect only 9% of the remaining forest (Ribeiro et al.,
2009). This forest is home to about 5% of the world flora and 2% of endemic vascular plants
(Stehmann et al., 2009), due to a large diversity of ecosystems, including lowland and montane
forest, cloud forest, deciduous and semideciduous forest and high-elevation grasslands (IBGE,
2012).

The high-altitude grasslands (considered ecological refugees) occur on mountain
peaks, in higher altitudes than 1200 meters with rocky outcrops, and have mostly grasses, herbs
and shrubs (IBGE, 2012). This ecosystem is characterized by the non-development of forest
formation due to climatic and pedological conditions (Aximoff, 2011). Its vegetation bears a
strong resemblance to the Andes region, directly sharing 10 to 15% of plant species with a
strong connection in relation to animal species (Safford, 2007).

High-altitude grasslands have high rates of endemism (Safford, 1999). Martinelli
(1996) estimated that 11% of the vascular species were locally endemic in a high-altitude
grassland in Itatiaia and 21% endemic to other grasslands. Caiafa and Silva (2005) found, in
Serra do Brigadeiro state park, Minas Gerais, 81 vascular plants species, the majority being
Orchidaceae and Asteraceae, with a high number of species exclusive to each environment.
Alves and Kolbek (2010) verified 100 plant species restricted to the high-altitude grasslands.
In high-altitude grasslands located in Mantiqueira, in Southeast Brazil, Meireles et al. (2014)
observed 96 species exclusive to this formation, of which 53 shrubby, 5 arboreal and 71
herbaceous. The richest families were Asteraceae (27 species) and Fabaceae (14), followed by
Cyperaceae (eight), Iridaceae (seven) and Melastomataceae (five). Among these species, a high
proportion may be threatened. Moreira et al. (2020) observed 82 species (out of 2316) cited as
threatened, following the IUCN categories (CR, EN or VU), seven data deficient (DD) and 15
classified as conservation priority in Itatiaia national park, southeastern Brazil, which has
areas of high-altitude grasslands.

Although most of the high-altitude grasslands are located inside protected areas, they
are being threatened by anthropic activities (Gongalves and Santos, 2018). Degradation of
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these areas may have been intensified by mountain tourism and camping and trekking activities
carried out by large groups of people, guides who are not trained and who are not part of
associations of registered guides (reports from the Boletim Informativo das Cristas da
Mantiqueira), as well as the recurring occurrence of fire. Protected areas in Brazil are divided
in two categories, full protection ones, where natural resources may be only indirectly used, as
in recreation and environmental education activities, and sustainable use ones, where direct
use of resources are done, as extraction, low intensity agriculture and private rural lands are
permitted (BRASIL, 2000). Are examples of high-altitude grasslands located in full protection
ones: Serra da Bocaina, Serra do Caparao and lItatiaia national parks, Serra do Papagaio,
Serra do Brigadeiro, Campos do Jorddo and Serra do Mar state parks (nucleus Cunha and
Curucutu), and are examples of high-altitude grasslands located in sustainable use ones:
environmental protection area (APA) of Serra da Mantiqueira, the (MONA) Pedra do Bau and
Mantiqueira natural monuments and APA Sao Francisco Xavier. Parks are usually smaller but
more protected, while APAs are larger but less protected, due to the activities permitted.

Given the importance of protected areas for the conservation of the high-altitude
grasslands, we aimed to systematize information regarding its flora in four protected areas in
southeast Brazil, in order to assess common species that could be used in restoration efforts,
and rare species that need conservation actions.
2. Materials and methods
2.1. Study area

The study was carried out in four protected areas (PA) with high-altitude grasslands,
two national parks (PARNA) and two state parks (PE) (Table 1), located in Southeast Brazil
(Figure 1), in Sdo Paulo, Rio de Janeiro and Minas Gerais states, in the Atlantic Forest biome.

Table 1. Size, date of creation, coordinates, soil, vegetation, climate, altitude and location of
each studied protected area in Brazil.

Protected Size Creation Coordinate  Soil  Vegetation Climate Altitude  Municipaliti

area (ha) s es
PE 8,34 Lei 22°41°26.55 Argisol Mixed Temperat  1500- SP (Campos
Campos 1 Estadua S/ s, Ombrophi e, with 2000m do Jordao)
do In° 45°29°35.28 Cambis lous mild
Jorddo 11.908/ W ols, Forest; summer
27 de Latosol Dense

marco S, Ombrophi
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Figure 1. Location of the study sites (PE - State park; PARNA - National park) in Minas
Gerais, Rio de Janeiro and Sao Paulo states in Brazil.

PE Campos do Jordao is a priority region for conservation (FAPESP and Secretaria
Estadual do Meio Ambiente, 2007) and its management plan is one of the first created in Brazil
(Fundagdo Florestal, 2015). PARNA do Itatiaia, the first national park of Brazil is part of
Atlantic Forest Biosphere Reserve and of Mosaic of Protected Areas of Serra da Mantiqueira,
which is an instrument established by SNUC to strengthen integrative and participative
management of areas (Tomzhinski, 2012). PARNA da Serra da Bocaina, considered an
important fragment of Atlantic Forest, has a large biodiversity and several ecosystems, in
addition to a territory with high endemism, ecological refugees and endangered species
(IBAMA, 2002). Lastly, PE da Serra do Papagaio integrates the Ecological Corridor of
Mantiqueira and the Serra da Mantiqueira Environmental Protection Area (APA) protecting,
along with PARNA do ltatiaia, one of the largest fragments of native vegetation of the
Mantiqueira (Instituto Estadual de Florestas, 2009). PARNA da Serra da Bocaina is the largest
protected area and PE Campos do Jordado, the smallest (Table 1). All of them are under
temperate and subtropical climate (Alvares et al, 2015; EMBRAPA, 2022), with high-altitude
grasslands and altitudes reaching 2791 m (Table 1).
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2.2. Database

We conducted a survey of all digitized species occurring in the high-altitude
grasslands of the four protected areas from one of the most comprehensive digitized plant
datasets in Brazil, the SpeciesLink (http://specieslink.net), with plant records of the whole
country's herbaria. This online portal includes 40 biological collections and more than 16
million digitized herbarium records.
2.3. Database search and filtering

In the speciesLink search tool, we used the words “campo” and “altitude” (which
means grassland and high-altitude, respectively) and, after, we filtered only those that
mentioned each of the four studied protected areas as collection sites. These records were
cleaned and validated, which included the removal of duplicated specimens across herbaria,
invalid geographical coordinates, duplicated geographical coordinates and spatial outliers
within species.

Afterwards, in the R Software where, through its processing using the 'flora’ package
version 0.3.4, additional information was searched and inserted for each species, such as
updated nomenclature, vegetation type and domain, in addition to life form, endemism and

conservation status in the database of the Flora e Funga do Brasil (REFLORA, 2020) (Figure
2)

Campo de altitude
flora database

Filtering
A C de altitud
. ampo de altitude
Campo de altitude %ora st L
flora database by
study areas
L A
4 ”
( Additional
Scientific names information
) Lregarding the flora
Excel R

Figure 2. Workflow of the used data and processing softwares.
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3. Results

Considering the four protected areas studied, 381 species were registered, distributed
in 196 genera and 77 families. Highest species richness was in PE Serra do Papagaio (183
species), followed by PARNA do Itatiaia (182), PARNA Serra da Bocaina (94) and PE Campos
do Jorddo (38).

Regarding specific richness in each protected area, we observed families with highest
richness in PARNA do Itatiaia being Asteraceae (26 species), followed by Ericaceae and
Polypodiaceae (9), Lycopodiaceae (7), Dicranaceae, Poaceae and Melastomataceae (6),
Eriocaulaceae, Iridaceae, Lamiaceae, Orchidaceae and Pteridaceae (5), Dennstaedtiaceae,
Fabaceae and  Polytrichaceae (4), Berberidaceae, Bryaceae, Campanulaceae,
Dryopteridaceae, Piperaceae and Xyridaceae (3). Among the remaining families, 16 had two
species e 27 had one species recorded. The genera with the highest number of species were:
Baccharis (15 espécies), Gautheria (5), Campylopus, Leandra, Polystichum e Sisyrinchium (4),
Berberis, Chascolytrum, Grazielia, Lytoneuron, Melpomene, Mimosa, Paepalanthus,
Peperomia, Phlegmariurus, Xyris (3). Among the remaining, 18 genera had two species and 80
had only one species.

In PE Serra do Papagaio, we verified Asteraceae (28 species), followed by
Melastomataceae (13), Orchidaceae (12), Ericaceae, Polypodiaceae (9), Poaceae, Xyridaceae
(8), Lamiaceae, Lycopodiaceae (7), Eriocaulaceae and Fabaceae (6), Myrtaceae and
Verbenaceae (5), Cyperaceae and Gleicheniaceae (4), Campanulaceae, Dryopteridaceae,
Iridaceae, Orobanchaceae, Polygalaceae, Pteridaceae and Solanaceae (3). Among the
remaining families, 8 had 2 species e 14 had 1 species. Regarding to the genera, the ones that
had more species were: Xyris (9), Baccharis (8), Habenaria (6), Pleroma e Senecio (5),
Gaultheria, Myrcia and Paepalanthus (4), Gaylussacia, Lytoneuron, Mimosa, Pleopeltis and
Polygala (3), 20 genera ahad 2 species and 83 only 1 species.

In PARNA da Serra da Bocaina, Asteraceae (22 species), Melastomataceae (9),
Ericaceae (7), Solanaceae and Polypodiaceae (4), Fabaceae, Orobanchaceae, Poaceae and
Rubiaceae (3), 8 families had 2 species and 20 had 1 species. The genera with more species
were: Baccharis (9), Agarista, Gaylussacia, Leandra and Miconia (3), 9 genera had 2 species
e 56 only 1 species.

In PE Campos do Jorddo, Asteraceae (16 species), 5 families had two species and 12
only one species. Regarding the genera, Baccharis (8 species), being one genera with 2 species

e 28 with one species.
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The most sampled life forms for each protected area were: PARNA do Itatiaia, herbs
(89), schrub (21), schrub/underschrub (19); PE Serra do Papagaio, herbs (95),
schrub/undershrub (22), schrub (18); PARNA da Serra da Bocaina, herbs (42),
schrub/underschrub (13), schrub and schrub/tree (11); PE Campos do Jorddo, herb (13),
schrub/underschrub (7), schrub (6).

PARNA do Itatiaia had the highest level of endemism and number of endangered
species, followed by PE Serra do Papagaio and PARNA da Serra da Bocaina (Table 2). In PE
Campos do Jordao, none of the sampled species were classified as threatened.

Table 2. Endemism and threatened species (with percentage according to the total number of
species) within studied protected areas. PE: State park and PARNA: National park.

PE Campos do Parna Serra da Parna Itatiaia PE Serra do
Jordao Bocaina Papagaio
Endemism (%) 19 (50.0) 36 (38.30) 105 (55.74) 102 (57.69)
Threatened - 1(1.1) 17 (9.3) 52.7)

species (%)

In total, 69 species were common to two protected areas studied, 22 to three and only
one to four sites (Table 3).

Table 3. List of common species to at least three of the studied protected areas. PE: State Park
and PARNA: National Park.

Family Specie Life form Threat PE PARN PE PARN
Camp Ada Serra Ado
osdo  Serra do Itatiai
Jordao da Papaga a

Bocai i0
na
Asteraceae Achyrocline Herb NA X X X
satureioides
(Lam.) DC.
Baccharis Schrub NA X X X
crispa
Spreng.
Baccharis Schrub NA X X X
glaziovii
Baker
Baccharis Schrub NA X X X X
tarchonantho

ides DC.
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Blechnaceae

Campanulac
eae

FEricaceae

Euphorbiace
ae

Gleicheniace
ae

Lycopodiace
ae

Grazielia Schrub/
intermedia Undershru
(DC.) b
R.MKing &

H.Rob.

Inulopsis Herb
scaposa

(DC.)

O.Hoffm.

Lomariocyca Herb

s

schomburgkii

(Klotzsch)

Gasper &

A.R. Sm.

Lobelia Herb
camporum

Pohl

Agarista Schrub/
hispidula Undershru
(DC.) Hook. b

ex Nied.

Gaultheria Schrub/
serrata Undershru
(Vell.) b
Sleumer ex

Kin.-Gouv.

Gaylussacia Schrub/
amoena Undershru
Cham. b
Croton Schrub/
dichrous Undershru
Miill. Arg. b
Dicranopteri Herb

s nervosa

(Kaulf.)

Maxon

Sticherus Herb
pruinosus

(Mart.) Ching
Diphasiastru Herb

m  thyoides

(Willd.)

Holub

Lycopodium Herb
clavatum L.

Phlegmariuru Herb

S reflexus

NA

LC

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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(Lam.)
B.Ollg.
Onagraceae  Fuchsia regia  Schrub/ LC X X X
(Vell.) Munz Liana/
Climber
Orobanchace Esterhazya Schrub/ NA X X X
ae macrodonta Undershru
(Cham.) b
Benth.
Piperaceae Peperomia Herb NA X X X
galioides
Kunth
Polypodiace  Pleopeltis Herb NA X X X X
ae macrocarpa
(Bory ex
Willd.) Kaulf.
Serpocaulon Herb NA X X X
catharinae
(Langsd. &
Fisch.)
A.R.Sm.

4. Discussion

Our results were corroborated by other studies in areas of high-altitude grasslands
where Asteraceae was predominant (Freitas and Sazima, 2006, Salimena et al., 2013; Meireles
etal.,, 2014, Aximoff et al., 2016). This family is dominant in grassland formations in tropical
mountains of South America (Joly, 1967, Campos et al., 2019), in tropical savannas (Fidelis
and Zirondi, 2021), also occurring widely in several ecosystems around the world (Judd et al.,
2009). Melastomataceae was the second most frequent family found in the studied high-altitude
grasslands. This family occurs throughout the country, being more common in the Amazon,
Cerrado and Atlantic Forest, including its grasslands (Goldenberg et al., 2012). Other studies
also verified this family in the second position in relation to the number of species (Salimena et
al., 2013, Aximoff et al., 2014, Meireles et al., 2014; Tinti et al., 2015). The genus Baccharis
had a high number of species in the four protected areas studied, which corroborates studies
by Campestrini (2014) and Meireles et al. (2014) that reported that this was the most
representative genus in mountainous areas and the genus importance in South America (90%
of Baccharis species occur in the region: Budel et al., 2005). Accordingly, herbs, shrubs and
undershrubs, were the most common life forms, which are linked to grassland characteristics
(IBGE, 2012) and to Asteraceae dominance.

Parna Itatiaia had the highest level of endemism and threatened species, followed by
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PE da Serra do Papagaio, Parna da Serra da Bocaina and PE Campos do Jorddo. Special
attention should be given to these protected areas in relation to anthropic fire occurrence and
fire fighting, which can lead to local extinctions if fires occur at different fire regimes (i.e.
higher frequency and intensity) when compared to the natural ones for these areas. Although
paleofires in high-altitude grasslands have been documented (Behling and Safford, 2010),
present occurrences of fire of natural origin are rare and nearly invariably take place in the
transition between dry and wet seasons (Aximoff, 2011). Plus, in a climate change scenario in
which extreme events, including significant temperature increases and extension of drought
(Marengo et al. 2010, IPCC 2023), are more likely the risk of fire incidents will increase
respectively (Aximoff at al., 2016). Thus, conservation efforts should prioritize rare, endemic
and endangered species in the four protected areas.

These 23 species found in at least three of the CUs studied have a lower risk of local
extinction and should be prioritized in efforts to restore areas of degraded high-altitude
grasslands in the Vale do Paraiba and Mantiqueira region. Ecological restoration can be
defined as a process to help restore an ecosystem that has been degraded, damaged or
destroyed (SER, 2004). The United Nations Decade on Ecosystem Restoration—a global call
for the restoration of ecosystems—aims to protect biodiversity, secure ecosystem services,
mitigate climate change and enhance human livelihoods
(https://www.decadeonrestoration.org/). Even though the largest part of Brazil’s natural
vegetation is forest, savannas and grasslands environments (e.g. high-altitude grasslands) have
been much neglected in conservation and restoration due to a general lack of concern with
non-forest vegetation (Overbeck et al., 2015; Silveira et al., 2020). In this sense, the list of
common species provided in this study could be used in restoration of these ecosystems and is
much needed.
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3 CONSIDERACOES FINAIS

Apesar da tendéncia de aumento na area de campos de altitude, ndo significa que nado
existam pressoes relevantes neste ecossistema para a sua degradacdo relacionado com a
ocorréncia de incéndios. O fogo ¢ um evento recorrente nos campos de altitude, refletindo uma
intensa atividade antropica no entorno das dareas protegidas, como mostramos. Um
entendimento mais profundo sobre a ocorréncia de incéndios passados e atuais nesta vegetagao
¢ fundamental para prevenir e combater incéndios ilegais, bem como desenvolver metas claras
para o manejo do fogo (PIVELLO et al., 2021).

Houve alguns anos que ocorreram grandes eventos de incéndios nas areas protegidas
que foram amplamente divulgados pela midia, causados principalmente por fatores humanos,
que revelaram o conflito que existe entre as areas protegidas e seu entorno. Além disso, foi
observada maior frequéncia de incéndios nas areas proximas aos limites dos parques, o que
revelou fatores externos de igni¢cdo. Durante a estagdo seca, a ocorréncia de fogo estd
relacionada a causas humanas através das praticas agricolas, onde os pecuaristas utilizam o fogo
para renovar o pasto.

Em relacdo a flora, tanto o Parque Nacional do Itatiaia quanto o Parque Estadual da
Serra do Papagaio apresentaram o maior nivel de endemismo e espécies ameagadas de extingao.
Tal riqueza pode estar associada ao fato do Parque Estadual da Serra do Papagaio possuir
campos de altitude em dois ecossistemas distintos: afloramentos rochosos (menos densos e com
menor biomassa) e formacdes campestres (mais densas € com maior biomassa). Porém, também
¢ possivel que as queimadas ocorridas nessas unidades de conservacdo estejam sendo
responsaveis pela manutengdo dessa diversidade de espécies, como ja demonstraram outros
estudos em areas queimadas de Cerrado e Campos (FIDELIS; PIVELLO, 2011). Além disso, o
Parque Nacional do Itatiaia tem sido alvo de queimadas prescritas por equipes do Prevfogo
(Ibama), sendo possivel que essas queimadas também estejam contribuindo para a manutencgao
da alta biodiversidade de plantas nas areas de campos de altitude desta unidade de conservagao
(AXIMOFF, 2011).

Por outro lado, como observamos que as areas de campos de altitude da Serra da
Bocaina e da Serra do Papagaio foram as mais ameagadas pelo fogo, as espécies endémicas
verificadas nessas duas areas (36 e 102, respectivamente) estdo em perigo de extingdes locais,
caso os incéndios ocorram com maior frequéncia e intensidade do que no regime natural de

queima.
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Encontramos 23 espécies comuns em pelo menos trés das unidades de conservagao
estudadas com menor risco de extingdo local e que devem ser priorizadas nos esfor¢cos de
recuperagao de campos de altitude degradados na regido do Vale do Paraiba e Serra da
Mantiqueira. A restauragao ecologica pode ser definida como um processo para ajudar a
restaurar um ecossistema que foi degradado, danificado ou destruido (SOCIETY FOR
ECOLOGICAL RESTORATION INTERNATIONAL, 2004).

O conhecimento integrado sobre a distribuicdo do fogo em campos de altitude de
diferentes regides do Brasil e como essas areas se comportam sob um regime de fogo natural
alterado era escasso até o presente estudo. Assim, incentivamos a investigacdo através de
campanhas de campo para melhor compreensao deste tema em outras regides com realidades

diferentes ou semelhantes.
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