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RESUMO

Devido ao aquecimento global e ao consequente aumento de temperatura ao redor do
planeta, os ecossistemas t€m se transformado. Na Peninsula Antartica, o aumento de
temperatura registrado nos ultimos 10 anos tem sido da ordem de 3° C, o que tem
ocasionado diversas mudancas ao ambiente, como por exemplo, a maior disponibilidade
de 4gua liquida, chuva, 4dreas livres de gelo e temperaturas mais amenas. Esses fatores
podem favorecer a colonizacdo da regido por novas espécies. O continente Antartico,
por sua vez, ja foi um lugar de dificil acesso para propdgulos de espécies vindas de
outras regides do planeta, porém, devido ao aumento da presenca humana no continente
esse cendrio tem mudado. Sendo assim, estudos que busquem detectar a chegada de
novos organismos ao continente antartico se fazem necessarios. Nesse estudo através da
técnica de DNA metabarcoding, foram analisadas amostras de solo, neve e ar da baia do
Almirantado, na Ilha Rei George, a fim de se obter a composi¢do de espécies ali
presente. Foram analisadas amostras com maior € menor nivel de influéncia humana,
com objetivo de inferir se 0 maior contato humano poderia influenciar as comunidades
amostradas. Ao total foram detectados 82 tdxons distribuidos em nove amostras: uma de
ar, trés de solo e cinco de neve. Os taxons encontrados pertencem a quatro reinos
(Animalia, Chromista, Plantac e Protozoa) e 11 Filos (Arthropoda, Cercozoa,
Chlorophyta, Chordata, Ciliophora, Cnidaria, Dinophyta, Mollusca, Perclozoa, Porifera
e Streptophyta). Somente 29% dos tdxons puderam ser identificados ao nivel de espécie.
De todos os taxons, Sanguina nivaloides (Chlorophyta) foi a espécie mais abundante,
além de estar presente em oito de nove amostras, seguida por outras Chlorophyta nio
identificadas e o género Chlamydomonas. Dos taxons identificados, 27 (22.14%) nido
possuem registro de ocorréncia prévio para a Antartica. Nao foi possivel relacionar as
diferencas entre comunidades com uma maior ou menor presenca humana. Todos
organismos encontrados nao registrados para a regido, foram organismos ja adaptados a
condi¢Oes semelhantes a da Peninsula Antartica.

Palavras-chave: Antartica. DNA metabarcoding. Diversidade. Mudangas climaticas.

Antropizagdo.



RESUMO EXPANDIDO

Introducao

Em razdo do aumento da temperatura em decorréncia do aquecimento global e
seus efeitos no meio ambiente, os ecossistemas do planeta t€ém se transformado. Na
regido da Peninsula Antirtica no continente Antértico, nos dltimos 10 anos tem sido
registrado um aumento de temperatura na ordem de 3° C, e como consequéncia, diversas
mudancas ao ambiente tem sido ser notadas, como uma maior disponibilidade de dgua
liquida, aumento das chuvas, 4reas livres de gelo e temperaturas mais amenas. Esses
fatores que divergem das condicdes naturais da regido podem favorecer a colonizac¢io
da regido por novas espécies que possam chegar ao continente. O continente Antdrtico,
por sua vez, ja foi um lugar de dificil acesso para propagulos de espécies vindas de
outras regides do planeta, porém, devido ao aumento da presenca humana no continente
esse cendrio tem mudado, facilitando a colonizag¢do por espécies exdticas e até mesmo
invasoras. Sendo assim, estudos que busquem detectar a chegada de novos organismos
ao continente antartico se fazem necessdrios, porém, para isso ainda € necessario

aumentar o conhecimento das espécies que ja estdo presentes na drea.
Objetivos

Esse trabalho teve como objetivos inventariar as espécies de plantas terrestres
presentes no ar, neve, € solo da Ilha Rei George, South Shetlands, Antarctica,
encontradas através da tecnologia de DNA metabarcode com enfase em espécies
cripticas, através da realizag@o o primeiro inventario da regido com o uso de ferramentas
moleculares. Além disso buscou-se verificar se a presenca humana tem afetado as

comunidades de organismos terrestres em diferentes dreas da baia do Almirantado.
Metodologia

Através da técnica de DNA metabarcoding, foram analisadas nove amostras,
trés de solo, cinco de neve e uma de ar, de diferentes regides da baia do Almirantado, na
Ilha Rei George, Antartica, afim de se obter a uma lista da composi¢do dos taxons ali
presentes. As amostras foram também categorizadas em maior e menor nivel de

influéncia humana, com objetivo de inferir se o maior contato humano poderia
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influenciar as comunidades amostradas.
Resultados e Discussao

Ao total foram detectados 82 taxons distribuidos nas nove amostras. Os tdxons
encontrados pertencem a quatro reinos (Animalia, Chromista, Plantae e Protozoa) e 11
Filos (Arthropoda, Cercozoa, Chlorophyta, Chordata, Ciliophora, Cnidaria, Dinophyta,
Mollusca, Perclozoa, Porifera e Streptophyta). Somente 29% dos tdxons puderam ser
identificados ao nivel de espécie. De todos os tdxons, Sanguina nivaloides
(Chlorophyta) foi a espécie mais abundante, além de estar presente em oito de nove
amostras, seguida por outras Chlorophyta nao identificadas e o género Chlamydomonas.
Dos taxons identificados, 27 (22.14%) nao possuem registro de ocorréncia prévio para a
Antértica. Devido a escassez de estudos utilizando a técnica de DNA em regides
antarticas, poucas comparacdes foram possiveis considerando os resultados encontrados
nesse trabalho. Quanto ao impacto causado ou pela presenca humana, nio houve
estatisticas que suportassem diferencas entre areas antropizadas ou ndo, seja em indices
de diversidade ou riqueza. A andlise NMDS e PERMANOVA mostrou que ndo houve
relagcdo entre o nivel de presenca humana e a comunidade no local da amostra. Todos
organismos encontrados ndo registrados para a regido, foram organismos ja adaptados a
condi¢cdes semelhantes a da Peninsula Antdrtica. A presenca de tais espécies na
Peninsula Antértica sugere que elas podem ser apenas espécies nativas antdrticas até
entdo desconhecidas. Das espécies registradas neste estudo, todas elas ja estdo
associadas a ambientes ja frios parecidos com o da Peninsula antartica, de modo que
nao houve nenhuma espécie que, devido ao aumento continuo da temperatura, possa se

tornar mais capaz de colonizar e se espalhar, melhor do que elas ji o fazem.
Consideracoes Finais

Este estudo gerou uma grande variedade de dados aumentando o conhecimento
da biodiversidade antartica. Entretanto, ¢ importante lembrar que a sequéncia de DNA
encontrada ndo confirma a presenca ou viabilidade de um determinado organismo, e
estudos direcionados sdo recomendados para confirmar a presenca dos tdxons de
interesse.

Embora conscientes de nosso esfor¢co de amostragem ndo ideal, ndo pudemos

observar nenhuma diferenca estatistica entre as dreas amostradas, e a avaliacdo do



impacto causado pela presenga humana em diferentes locais e substratos mostrou que a
antropizagdo na baia, ainda ndo afetou significativamente as comunidades amostradas.
Podemos também confirmar que o ar estd sendo usado como meio de dispersdo para
uma grande variedade de tdxons, e seu papel na colonizacdo de dreas sem gelo precisa
ser considerado.

Com relagdo a investigacdo de espécies que podem se beneficiar com o aumento
da temperatura esperado, este estudo ndo foi capaz de observar nenhuma espécie em tais
termos, mas recomendamos uma investiga¢do mais aprofundada, com amostragem mais
ampla, e se possivel de forma periddica.

Devido ao resultado obtido, endossamos que o DNA metabarcoding € uma
ferramenta vidvel para avaliar a diversidade e riqueza dos tdxons presentes na neve, solo
e ar de lugares tdo dificeis como a Antértica. O grande nimero de sequéncias que nao
puderam ser classificadas em niveis mais especificos, pode servir como um lembrete de
que ainda ha a necessidade de continuar melhorando nossos banco de dados gendmicos,

e de que ainda hd muito a se saber sobre a biodiversidade da Antértica.

Palavras-chave: Antartica. DNA metabarcoding. Diversidade. Mudangas climdticas.

Antropizagdo



ABSTRACT

Due to global warming and the consequent increase in temperature around the planet,
ecosystems have been transformed. In the Antarctic Peninsula, the increase in
temperature has been recorded at around 3°C in the last 10 years, which has caused
several changes to the environment, such as greater availability of liquid water, rain,
ice-free areas, and warmer temperatures. These factors may favor the colonization of the
region by new species, whether invasive or not. The Antarctic continent was once a
place of difficult access for the newcomers from other regions of the planet, but with the
increase in human presence, this has changed. Therefore, a way to detect the arrival of
new organisms is necessary, and for this purpose DNA metabarcoding has shown
promise. In this study, soil, snow, and air samples from Admiralty Bay on King George
Island were analyzed using such a technique, to obtain the composition of species
present there. Samples with higher and lower levels of human influence were analyzed
to infer whether the greater human contact could influence the sampled communities. In
total, 82 taxa were detected, distributed in 9 samples, 1 of air, 3 of soil, and 5 of snow.
The taxa found belonged to four kingdoms (Animalia, Chromista, Plantae, and
Protozoa) and 11 phyla (Arthropoda, Cercozoa, Chlorophyta, Chordata, Ciliophora,
Cnidaria, Dinophyta, Mollusca, Perclozoa, Porifera, Streptophyta). Only 29% of the
taxa could be identified at the species level. Of all taxa, Sanguina nivaloides
(Chlorophyta) was the most abundant and was present in all but one sample, followed
by unidentified Chlorophyta and the genus Chlamydomonas. Of the taxa identified 27
(22.14%) have no previous record of occurrence for Antarctica. It was not possible to
relate the differences between communities to a greater or lesser human presence. The
organisms found that were not recorded for the region, were all organisms adapted to
conditions like those of the Antarctic Peninsula, with the increase in temperature and its
consequences having little impact on their ability to colonize the region.

Keywords: Antarctica. DNA metabarcoding. Diversity. Climate change.

Anthropization
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INTRODUCAO GERAL

O aquecimento global tem alterado a temperatura do planeta e produzido
diversos efeitos negativos, como a retragdo de geleiras, aumento do nivel dos oceanos,
aumento na frequéncia e intensidade de eventos climdticos extremos, como furacdes,
cheias e secas (Farmer & Cook 2013). O aumento das temperaturas pode ser notado em
escala global, no entanto, poucos locais tém apresentado um acréscimo tao rgpido como
a Peninsula Antértica (PA) (Convey 2001, Turner et al. 2005). Com excec¢do de algumas
regides a leste onde a temperatura média tem diminuido nas ultimas décadas, o
continente antdrtico como um todo, tem registrado um aumento da temperatura geral
nos ultimos 50 anos (Farmer & Cook 2013, Turner et al. 2016a).

A Antirtica corresponde a aproximadamente 14 milhdes de km? e compreende o
Oceano Austral e toda porcio de terra localizada ao sul do paralelo 60° S (BRASIL
2014). O continente € o mais remoto do planeta e, por isso, € também um dos que
menos sofreu com modificagdes antrdpicas, por ter sido o dltimo continente a ser
descoberto somente na década de 1820, nunca teve populacdo permanente, sendo
descrito como um ambiente praticamente original (Pearce et al. 2016, Convey 2001).
Ambiente de extremos, a Antartica apresenta temperaturas médias que variam entre -
50°C a -2,8°C, e a precipitacdo oscila entre 20 e 40 mm anuais, sendo assim
considerada um deserto frio (Convey 2001, Farmer & Cook 2013, BRASIL 2014).

Porém, a Peninsula Antartica (PA) que fica localizada a oeste do continente
Antartico e representa aproximadamente 1% da area terrestre do continente apresenta
uma clima diferente (Union 2010). Na PA temperaturas acima de 0° no verdo sio
constantemente registradas, sendo essa a Unica regido Antdrtica onde se pode observar
um real derretimento de gelo durante a estagdo mais quente do ano (Union 2010). Além
disso, a precipitagdo de neve na PA chega a ser 80% maior do que em outras regides do
continente Antartico, onde praticamente ndo neva (van den Broeke et al. 2006).

Em sua histéria a PA sofreu com varios periodos de glaciacdo e deglaciagao,
chegando a sua maior extensdo a aproximadamente 19 mil anos atrds (Lorius et al.
1985). Atualmente a regido se encontra em um periodo de deglacia¢do que teve inicio
por volta de 10 mil anos atrds. Esse processo possibilitado a criacdo de areas livres de
gelos, formagdo de solos, lagos e ilhas pela PA (Braun & Gossmann 2002, Cook et al.
2005, Ochyra et al. 2008).

No arquipélago das Shetlands do Sul, localizado na PA, a Ilha Rei George € a
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mais povoada da regido. E nela que estd instalada a Estacdo Antértica Comandante
Ferraz (EACF), estacdo de pesquisa brasileira inaugurada em fevereiro de 1984 sendo
resultado da criagdo do programa Antdrtico Brasileiro (PROANTAR) no ano de 1983.
A ilha serve como base para estacdes de outros nove paises (Argentina, China, Coréia
do Sul, Equador, Estados Unidos, Uruguai, Peru, Pol6nia, e Rissia), além de receber
entre 3000 e 5700 turistas todos os anos, € possuir um aerédromo (Brazil & Poland
2005). Essas caracteristicas e sua proximidade com a América do Sul, fazem da ilha é
um dos locais mais provaveis a receber novos didsporos de potenciais plantas
colonizadoras, e seu clima mais ameno, propicia a coloniza¢do de novos organismos na
regido (Riickamp et al. 2011).

Tal propensao aliada ao acréscimo em 3°C na temperatura e suas consequéncias
no ambiente a colonizacdo por novas espécies para a regido tem sido ainda mais
favorecida (Convey 2001, Galera et al. 2018, Riickamp et al. 2011), e esses maior
sucesso no estabelecimento de organismos, poderd aumentar consigo o risco de invasdes
bioldgicas, pondo em risco a flora nativa (Galera et al. 2018, Pearce et al. 2009).

A macro flora nativa Antartica é atualmente composta por bridfitas, e apenas
duas angiospermas Colobanthus quitensis (Kunth) Bartl. (Caryophyllaceae) e
Deschampsia antarctica E. Desv. (Poaceae), Poa annua L. (Poaceae) também presente
na drea, é considerada uma angiosperma invasora (Gongalves et al. 2008, Olech &
Chwedorzewska 2011). Além disso, € possivel encontrar liquens e microrganismos
como algas, fungos, bactérias e protozoarios colonizando a regido (Pearce et al. 2009).
A flora da regido é dominada maioritariamente por microrganismos e poucas espécies
criptbgamas, porém, a mais conspicua vegetacao nas dreas nao cobertas por gelo, s@o as
bridfitas com mais de 116 espécies, seguidas pelos liquens com aproximadamente 500
espécies (Camara et al. 2019, Ellis et al. 2013, Ochyra et al. 2008, Sollman 2015).

Até o século passado, a Antértica ainda resistia a colonizacdo de novas espécies,
principalmente devido a dificil chegada de propdgulos no continente, em razdo da
corrente circumpolar Antdrtica, que de isola o continente do resto do mundo (Convey &
Peck 2019). Além disso, para os que ali conseguiam chegar, as condi¢des climaticas
extremas encontradas, representavam um grande desafio para a colonizacio (Pearce et
al. 2016). Porém isso tem mudado, o aumento da presenca humana na Antértica devido
ao turismo e a instalacdo de novas bases de pesquisa, tem facilitado a chegada de
microrganismos e propagulos de todo o mundo ao continente (Pearce et al. 2009). Junto

das atividades humanas e aves migratdrias, as correntes de ar também se destacam entre
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as principais vias de entradas de propagulos na Antdrtica (Parnikoza et al. 2007,
Chwedorzewska 2008, Marshall 1996).

Parte dos organismos presentes na Antdrtica sdo adaptados para se dispersar por
meio de esporos, fragmentos, como propdgulos vegetativos especializados, ou ainda
inteiramente como ¢é observado em organismos unicelulares, formando o que ¢
conhecido como “chuva de didsporos” (Pearce et al. 2009, Sundberg 2013). Esse é um
fendmeno que influencia de forma decisiva a diversidade dos ecossistemas, pois 0s
didsporos presentes no ar podem vir a tornar-se parte do banco de didsporos do solo e,
se ainda vidveis apds o transporte aéreo, germinar (Sundberg 2013, Convey 2001,
During 2001).

Estudando a variacdes genéticas de Chorisodontium aciphyllum Biersma et al.
(2018) pode confirmar as semelhancas genéticas das populacdes Sul Americanas e
Antérticas, e através de modelagens de correntes de ar, sugerir que as populacdes da
Antértica devem ter sido originadas a partir de didsporos oriundos da América do Sul,
servindo com um lugar de depdsito de material bioldégico via correntes de ar, e que o
contrdrio teria pouca probabilidade de ocorrer. Analisando amostras de ar, neve e
musgos através de microscopia, Kappen & Straka (1988) pode detectar a imigragao de
poélen de angiospermas, esporos de licéfitas, samambaias € musgos. inclusive Smith
(1991) encontrou invertebrados como Collembola sp. Lubbock (1869), e até fragmentos
de insetos, como escamas de asas de Mariposas. Evidenciando a eficdcia desse método
de transporte, Kappen & Straka (1988) puderam encontrar até mesmo poélen de Fagus
sp., género nativo do hemisfério norte que possivelmente chegou a antartica disperso
pelo vento.

A dispersao por meio do vento tem se mostrado importante para a configuragdo
dos padrdes de biodiversidade (Womack et al. 2010), e € sabido que o transporte aéreo é
uma importante ferramenta na colonizacdes de lugares remotos por organismos como
visto em Pearce et al. (2010). Inclusive, como observado por Ochyra et al. (2008) a alta
propor¢do de espécies cosmopolitas, bipolares ou de ampla distribuicdo na flora
Antértica, traz indicios de uma efetiva dispersdo a longa distancia de tais espécies,
dindmica que pode vir a sofre alteragdes devido influéncia das mudancas climdticas
sobre a Antartica (Simoes et al. 2011).

Para entendermos como as mudangas ambientais decorrentes do aquecimento
global podem afetar os organismos terrestres antérticos, € crucial termos primeiramente

conhecimento da composicdo atual do mesmo, e para isso, uma extensa avaliacdo dessa
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comunidade € necessdria. No inicio das investigacdes buscando descobrir quais
propdgulos chegam ao continente Antartico, (Marshall 1996, Marshall & Chalmers
1997) investigaram a chegada de grandes quantidades de material bioldgico através das
correntes de ar na ilha Signy (Orcadas do Sul), advindos da América do Sul. Porém,
esses trabalhos foram focados unicamente na comunidade microbiolégica, além disso,
foram realizados antes do advento das mais sofisticadas técnicas moleculares.

Avaliagdes utilizando métodos tradicionais da diversidade da vegetacdao
Antértica como apresentadas em Ochyra et al. (2008) vem sendo realizadas a alguns
anos, € sdo as maiores contribui¢des para o conhecimento da biodiversidade atual,
porém, tais métodos requerem pericia 17axondmica especifica, além de uma complexa
logistica. Com o avanco e popularizacio da tecnologia, ferramentas como DNA
barcoding (Hebert et al. 2003, Hollingsworth et al. 2009) e DNA metabarcoding
(Taberlet et al. 2012a), cada vez mais tem sido usadas para a identificagdo de material
bioldgico. Essas novas abordagens apresentam oportunidades para a geracdo de grande
quantidade de informacdes, e podem ser aplicadas para monitorar a distribuicao das
espécies e a composicdo das comunidades com maior nivel de padronizacao (Taberlet et
al. 2012%).

O DNA barcoding difere de outros métodos de identificagdo molecular
principalmente pelo uso de marcadores padronizados que permitem a sua aplicagcdo para
uma variedade de tdxons. O marcador “coxI” por exemplo, ¢ utilizado para metazoarios
(Hebert et al. 2003), ITS para fungos (Schoch et al. 2012) e a combina¢do de rbcL,
matK ou outros para as plantas. Porém, para plantas ainda h4 grande controvérsia
quanto os marcadores mais adequados, sendo recomendado o uso de diferentes
marcadores para diferentes grupos como bridfitas, gimnospermas, samambaias e etc.
(Banchi et al. 2020, Hollingsworth et al. 2009).

O uso dessa técnica, permite a identificacdo de organismos em qualquer estigio
de vida, e de at¢ mesmo de amostras degradadas, o que tem facilitado inclusive o
descobrimento de novas espécies (Savolainen et al. 2005). Estudos como Gongalves et
al. (2008), Biersma et al. (2017), Biersma et al. (2018) e da Matta Agostini et al. (2017)
envolvendo os microrganismos e plantas antirticas, tem se utilizado de técnicas
morfolégicas e moleculares para identificacdo de propagulos, visando entender quais
espécies chegam até o continente e se ainda estdo ainda aptas colonizar a regio.

Apesar de o DNA barcoding ter se mostrado uma Otima técnica para a

identificacdo uma ampla gama de espécies e até andlises ecoldgicas (Hollingsworth et
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al. 2009, Neigel et al. 2007, Valentini et al. 2009), a mesma tem suas limitacdes
(Taberlet et al. 2012%). Isso porque a técnica € limitada a andlise de somente uma
amostra por vez, que necessita ser a mais pura possivel para que se obtenha a correta
interpretacdo dos dados (Hebert er al. 2003). Isso faz com que a técnica de DNA
barcoding ndo seja a mais adequada para estudos que buscam identificar uma ampla
gama de organismos (Ratnasingham & Hebert 2007).

Porém, com o surgimento da técnica de DNA metabarcoding novas
possibilidades surgiram para andlise de comunidades. Apesar de ambas técnicas
utilizarem, identificacdo de espécies baseada em DNA, as tecnologias de
sequenciamento possuem objetivos especificos (Comtet et al. 2015). O DNA
metabarcoding difere do DNA barcoding nas tecnologias de sequenciamento e
processamento de dados, mas a maior diferenca, € que enquanto o DNA barcoding tem
como objetivo identificar uma Unica espécie em uma amostra pura, o DNA
metabarcoding busca a identificacdo de grandes conjuntos de espécies que estejam
presentes em uma amostra de comunidade ou ambiental (Taberlet ez al. 2012%).

Apesar do DNA metabarcoding ja ser usado a varios anos principalmente na
microbiologia, s6 recentemente a técnica tem sido empregada em estudos com macro-
organismos (Coissac et al. 2012). Nas amostras analisadas na técnica de DNA
metabarcoding, € procurado o DNA ambiental (eDNA), que pode ser encontrado em
amostras de sedimento, dgua e ar por exemplo, podendo ter origem do conteido de
células ou até de organismos inteiros, que viveram ou ainda vivem ali (Ficetola et al.
2008).

Dessa forma, o também chamado de sequenciamento de alta performance (High
Throughput Sequencing — HTS), tem tornado possivel o acesso a biodiversidade a partir
de amostras ambientais complexas ou até de comunidades inteiras (EPP er al. 2012,
Taberlet et al. 2012%). A técnica tem permitido a recuperacdo da diversidade total das
amostras analisadas, inclusive possibilitando a anélise de diversas amostras a0 mesmo
tempo (Parameswaran et al. 2007).

Através de amostras de eDNA tem sido possivel realizar com sucesso
monitoramentos biolégicos mais abrangentes, € que causem menos impactos
ambientais, além de ser possivel detectar com mais facilidade espécies pequenas ou
raras (Ruppert et al. 2019). Isso porque, o DNA metabarcoding tem a capacidade de
amostrar uma maior diversidade de espécies, € aumentar a resolucdo 18axonOmica

quando comparado com outras técnicas (Deiner ef al. 2017).
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A tecnologia de DNA metabarcoding tem sida usada para investigar diversidade
dos micobiontes e fotobiontes de liquens (Ferndndez-Mendoza et al. 2017), inclusive
através de amostras de ar (Banchi ef al. 2018). Da mesma forma, a alta capacidade de
identificacdo de espécies do DNA metabarcoding tem sido aplicado com sucesso na
identificacdo de espécies invasoras (Comtet et al. 2015). Para as plantas em geral,
podemos destacar os trabalhos de Kraaijeveld et al. (2015), Taberlet et al. (2012b), e
YOCCOZ et al. (2012), que utilizaram a técnica de DNA metabarcoding para
identificar espécies vegetais a partir de amostras de pdlen e solo. Apesar disso, pouco se
utilizou esta técnica para acessar a diversidade da flora de regides polares (Czechowski
et al. 2017, Rippin et al. 2018b). Novos estudos utilizando DNA metabarcoding para a
andlise de comunidades antdrticas tém mostrado 6timos resultados, registrando novas
ocorréncias de espécies e expandindo o conhecimento sobre a diversidade do continente
(Camara et al. 20212, Carvalho-Silva et al. 2021, Rosa et al. 2020Db).

Além desses importantes resultados que contribuem para a melhor compreensao
da dispersdo e estabelecimento de espécies vegetais de grande valor para a ciéncia, as
pesquisas na Antartica t€ém grande valor estratégico para o Brasil (Camara & Mattos
2020). Isso porque, com a entrada do Brasil em 1975 no Tratado antartico, o pais
ganhou poder para decidir em igualdade com as demais nagdes consultivas, o destino da
maior reserva de dgua doce do mundo, reservas maritimas e continentais de petréleo,
g4s natural, recursos pesqueiros € mais 14 milhdes de km? ainda pouco explorados.

Porém, o tratado Antértico prevé em seu artigo IX que os paises que desejarem
se tornar membros consultivos, ou seja, com direito a voto, devem realizar ali
substancial pesquisa cientifica (Camara & Mattos 2020, Camara & Melo 2018,
FERREIRA 2009). Atualmente, a Antartica € considerada como parte do entorno
estratégico brasileiro (Camara & Mattos 2020). Isso significa que este continente passou
a fazer parte oficialmente da regido do planeta onde o Brasil “quer irradiar sua
influéncia e lideranca diplomdtica, econdmica e militar” (Fiori 2013). Além dos
recursos nhaturais, o potencial biotecnoldgico inexplorado presente na Antartica pode ser
de valor inestimdvel para a nagdo brasileira, assim como abundéncia dos recursos vivos,
passiveis exploragdes, e existéncia de importantes minerais, no continente € na sua
plataforma continental. Nao podemos esquecer também do papel do continente antartico
na manutenc¢do do clima global (Farmer & Cook 2013), o que se alterado pode exercer
grande influéncia nas condi¢des meteoroldgicas do continente sul-americano, o que

pode ter impactos diretos para a sociedade brasileira principalmente em setores da
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economia como o agronegdcio (Camara & Mattos 2020).

Considerando esses fatores, buscamos trazer uma visdo exploratéria da
diversidade de espécies que estdo presentes na Antartica, contribuindo com primeiros
registros de ocorréncia para algumas espécies e trazendo informagdo que poderdo ser
utilizadas para posteriores andlises dos efeitos das mudangas climética e conservagao
das espécies presentes na regido. Esse trabalho se assemelha com os realizados por
Camara et al. (2020) e Carvalho-Silva et al. (2021), na ilha Deception, também na
Peninsula Antértica, porém explorando além do solo, a neve e o ar da baia do
Almirantado na Ilha Rei George, tranzendo inclusive a primeira andlise de amostras de
ar através de técnica de DNA metabarcoding para o continente Antartico.

Sendo assim a investigacdo da flora criptica da regido com a tecnologia de DNA
metabarcoding utilizando amostras do solo, ar e neve da baia do Almirantado na ilha
Rei George, poderd responder questdes como: quais espécies vegetais t€ém chegado a
regido; se ela estd relacionada como a presenca humana nas dreas; e com as esperadas

mudancas climdticas, quais espécies podem vir a colonizar a regido.
OBJETIVOS
OBJETIVO GERAL

Inventariar as espécies de plantas terrestres presentes no ar, neve, e solo da Ilha
Rei George, South Shetlands, Antarctica, encontradas através da tecnologia de DNA

metabarcode com enfase em espécies cripticas.
OBJETIVOS ESPECIFICOS

Verificar se a presenga humana tem afetado as comunidades de organismos
terrestres em diferentes dreas da baja do Almirantado.

Realizar o primeiro inventario da regido com o uso de ferramentas moleculares
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RESULTADOS

CAPITULO 1: Exploring the non-Fungi environmental DNA diversity from
Admiralty Bay on King George Island (Antarctica, South Shetland Islands)

using metabarcoding with the I'TS-2 marker

FABIO LEAL VIANA BONES!, AND PAULO EDUADO AGUIAR
SARAIVA CAMARA?

! Programa de Pos graduacdo em Fungos Algas e Plantas, Universidade Federal de Santa Catarina, Floriandpolis,
Santa Catarina, Brazil.

2 Departamento de Botanica, Universidade de Brasilia (UnB), Brasilia, Brazil.

Introduction

Global warming has changed the temperature around the planet, and this has
brought a lot of different negative impacts, such as glacier thawing, ocean level rising,
and higher extreme climate events like hurricanes, floods, and droughts (Farmer &
Cook 2013). The increase in temperatures has been recorded all over the world, but few
places had showed such a fast-rising trend as the Antarctic Peninsula (AP) (Convey
2001, Turner et al. 2005, Turner et al. 2016b).

On the South Shetlands archipelago situated at the AP, King George Island
(KGI) is the most populated island in the region, and there we can find the Brazilian
research Antarctic Station Comandante Ferraz (EACF), inaugurated in February of 1984
as part of the Brazilian Antarctic Program (PROANTAR).

Due to its proximity to South America, and its milder climate, KGI is one of the
most likely places for non-native species colonization. The Island also houses bases for
another 10 countries (Argentina, Chile, China, Ecuador, Peru, Poland, Russia, South
Korea, United States of America and Uruguay), besides receiving between 3000 and
5700 tourists every year employing the Chilean aerodrome (Brazil & Poland 2005).
This easiness to the arrival of diaspores brought by wind, sea birds, or even humans
(Kappen & Straka 1988, Li et al. 2010, Pearce et al. 2010), makes the island one of the
most favorable places for non-native potential colonist plants introduction (Riickamp et
al. 2011).

Adding these facts to the increase in 3°C at the temperature recorded in the last
10 years, which has led to an increase in new available ice-free areas, increased liquid

water availability, and rain frequency, new species colonization has been favored in this
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region (Convey 2001, Pearce et al. 2009, Galera et al. 2018). So, the greater probability
of success at the non-native organisms' establishment and its further dispersion, could
raise alongside the threat of biological invasion, jeopardizing the native flora (Pearce et
al. 2009, Galera et al. 2018).

The Antarctica native flora is composed of 116 species of bryophytes and only 2
native angiosperms, Colobanthus quitensis (Kunth) Bartl. (Caryophyllaceae) and
Deschampsia antarctica E. Desv. (Poaceae). Poa annua L. (Poaceae) can also be found
in the region and is an invasive angiosperm (Gongalves et al. 2008, Olech &
Chwedorzewska 2011). Besides those, lichens and many other microorganisms like
algae, fungi, bacteria, and protozoans (Pearce et al. 2010) are found in the region.

Some organisms living in Antarctica are adapted to disperse it selves as spores,
fragments, specialized vegetative propagules, or either as a whole as is the case of some
unicellular organisms, compounding what is known as the “diaspores rain” (Pearce et
al. 2009, Sundberg 2013). This is an event that can shape decisively the diversity of
ecosystems because those diaspores found in the air may later become a component of
the diaspore bank in the soil, and if still viable after the air transport, germinate (Convey
2001, During 2001, Sundberg 2013). Beyond the air, the arrival of organisms in
Antarctica can be made through ocean currents, migratory animals, and most recently
by the increasing number of human beings flowing towards the continent (Pearce et al.
2009).

The terrestrial flora of Antarctica has already been investigated through
morphological analysis (Ochyra ef al. 2008), but, species inventories made like these,
demand a very specific taxonomic expertise, and complex associated logistics and may
not be suitable for the detection of cryptic organisms or propagules. With the
advancement of technologies, increasing availability and decreasing prices, more
advanced tools such as DNA barcoding (Hebert ef al. 2003, Hollingsworth et al. 2009)
and DNA metabarcoding (Taberlet et al. 2012a) have proven to be good options for the
identification of biological material. Those approaches to biological identification,
allow many opportunities to generate a great amount of data and can be applied to the
monitoring of the distribution of species and the community’s composition with higher
standards (Taberlet ef al. 2012a).

With the advent of DNA metabarcoding, new opportunities for community
analysis raised. Throughout eDNA (environmental DNA), has been possible to

successfully achieve broader biological surveillances, causing less environmental
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damage, besides being possible to easily detect small and rare species (Ruppert et al.
2019). DNA metabarcoding is capable of sampling a higher species diversity and
reaching also a higher taxonomic resolution when compared with other techniques
(Deiner et al. 2017, Fraser et al. 2018, Rippin et al. 2018a, 2018b).

With those tools, we will be able to get substantive data, contributing to a better
understanding of how the dispersion and establishment of new species happen in
Antarctica. Such knowledge will be of great value for science and future research in the
world, but they have also special strategic importance for Brazil (Camara & de Mattos
2020).

Considering these factors, the investigation of the cryptic flora of the region with
the use of DNA metabarcoding technology utilizing snow, soil, and air samples from
KGI, more specifically at Admiralty Bay, may help answer questions such as: which
plant taxa have been arriving to the region; if it is associated to the human presence at
the sites; and if the expected climate changes and temperature rise, which species mays

come to colonize the region.

Methods
Study sites

Admiralty Bay is the largest bay of King George Island (KGI), with an area of
approximately 360 km?, and belongs to ASMA No. 1 (Antarctic Specially Managed
Area) (Fig. 1). The site located inside the KGI is mostly sheltered from high winds from
the Antarctic ocean and the Bransfield strait, presenting distinct microclimate from the
other parts of the island characterized by an average annual temperature of around 1.8°C
(Brazil & Poland 2005). The Admiralty Bay is where the Brazilian Station Comandante
Ferraz (EACF) is located beside it, four other countries have research stations in the
bay: Poland, the United States, and Peru. In addition to numerous scientists, supporting
personnel, and research expeditions, Admiralty Bay is visited by an increasing number
of tourists, the latter mainly as organized tourist ship expeditions and private yachts.
Tourists typically land at Poland or Brazilian stations for a tour of facilities, go for a
walk along the coast, and sometimes make short cruises in Zodiac boats (Brazil &

Poland 2005).
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Punta Ullman

Casa do Cachorro

Nunatak Needle

Punta Plaza

Meteoro

Fig. 1. Study area. (a) Location of King George Island on the Antarctic continent; (b) Location of the
study site at Admiralty Bay on King George Island (c); location of the Comandante Ferraz Antarctic
Station on King George Island (EACF) and sampling areas. Source: from the Authors.

Aiming to evaluate the impact of these anthropic actives in the studied area we
categorize our samples based on their proximity or likelihood of being affected by the
human presence. Samples marked as “+”, are the ones near the EACF, or from sites that
are often visited by researchers, EACF crew members, and tourists while samples

e 9

marked as “-” are from sites where human presence is scarcer.

Table IV. Human presence level for site sampled at the Admiralty Bay King George Island.

Sample Human presence
Air Punta Plaza +
Snow Casa do Cachorro +

Snow Punta Ullman -
Snow Wanda -
Snow Lago Norte +
Snow Meteoro +
Soil Punta Plaza +
Soil Punta Ullman -
Soil Nunatak Needle -

Soil sampling

During the austral summer of 2019/2020 soil samples from three of the sites at
Admiralty Bay were collected (Table I). First, three soil samples (approximately 5 cm,

ca. 250 g, and 50 cm apart each) were collected from two sites: Punta Plaza and Punta
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Ullman. Also, one sample was collected from the site Nunatak Needle. The soil samples
were collected using a sterile spatula, and collection in areas with visible vegetation was
avoided. Samples were kept in sterile sealed plastic bags (Whirl Pack®/US) and frozen
at -20°C until DNA extraction.

Snow sampling

During the austral summer of 2019/2020 samples from freshly deposited snow
from 6 sites of the sites were collected (Table I): three snow samples (ca. 2 liters each)
were collected from two sites, Casa do Cachorro and Punta Ullman, and one sample
from each: Lago Norte, Wanda, and Meteoro. The snow samples were collected using
sterilized shovels and buckets. The snow was melted at room temperature in the
microbiology laboratory of the EACF and then filtered using Sterivex 0.22 um filters, in
conjunction with a chemical pump (Millipore, USA). All procedures were performed

under sterile conditions within a laminar flow chamber.

Air sampling

During the austral summer of 2019/2020, four air samples were collected at the
Punta Plaza site (Table I). The air samples were collected using a sterile polysulfone
bottle filter with a 47 mm diameter opening (Nalgene, USA) fitted with sterile 0.22 um
(Millipore, USA) membranes in conjunction with a chemical pump (Millipore, USA).
Previously the membranes were placed on sterile filters in a laminar flow chamber and
kept there until they were installed at the experiment site. For five days, three identical
systems ran in parallel, the sampling was performed for 20 days, totaling 12 membranes
from December 2019 to January 2020. After every 5-day run, the filters with the
membranes were taken in sterile bags immediately to the microbiology laboratory of the
EACEF, and inside the laminar flow chamber, the membranes were taken from the filters,
and DNA extraction was performed. Before use, all equipment used such as tubes,

slides, scalpel blades, and forceps were sterilized.

Table I. Sample kind x Number of samples obtained from the snow, soil, and air of Admiralty Bay on
King George Island for each sampled site.

SAMPLE CASA DO PUNTA LAGO PUNTA NUNATAK
WANDA METEORO
KIND CACHORRO  ULLMAN NORTE PLAZA NEEDLE
Snow 3 2 1 1 1
Soil 3 . ) ) 3 |

Air
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DNA extraction and ITS amplification

DNA from the soil was extracted using FastDNA SPIN Kit for Soil, MP
Biomedicals. To snow samples DNeasy PowerWater Sterivex Kit was used according to
the manufacturer's instructions. To the air samples the DNA was extracted using a
modified SDS extraction method (Goldenberger et al. 1995, Zhou et al. 1996, Natarajan
et al. 2016) where the membranes used as air filters, were cut into small strips, and
added to plastic tubes, each containing 2 mL of SDS extraction buffer (0.1 M EDTA at
pH 8 and 2% SDS) and incubated at 55°C for 16 h. Then, 330 uL of 5 M NaCl and 330
puL of pre-heated CTAB 10% (55°C) were added, and the solution was vortexed, spun
down, and incubated at 55°C for 10 min. The solution was then transferred to a new
tube and 600 puL of chloroform was added and vortexed at maximum speed for 1 min.
The tubes were then centrifuged at 13,000 rpm for 10 min and the supernatant was
transferred to a new tube. The extracted DNA was cleaned using the Genomic DNA
purification Kit (QIAGEN, Carlsbad, USA), following the manufacturer’s instructions.
Extractions were carried out under strict sterile conditions to avoid contamination. DNA
quality was analyzed using agarose gel electrophoresis (1% agarose in 1 x Trisborate-
EDTA) and then quantified using the Quanti- iT™ Pico Green dsDNA Assay
(Invitrogen). Extracted DNA was used as a template for generating PCR amplicons. The
internal transcribed spacer 2 (ITS2) of the nuclear ribosomal DNA was used as a DNA
barcode for molecular species identification (Chen et al. 2010, Richardson et al. 2015,
Rosa et al. 2020a, 2020b). The PCR-amplicons were generated using the universal
primers ITS3 and ITS4 (White er al. 1990). The construction of the libraries and
amplification of DNA and high-performance sequencing was performed in Illumina
Miseq V3 (Illumina, Inc.) at Macrogen Inc. Company (South Korea), where fragments

of approx. 600 bp (2x300) with high quality were obtained.
Data analysis

Three databases were used in the identification of the obtained sequences, the
PLANITS2 (Banchi et al. 2020), the UNITE eukaryotes ITS version 8.2 (Abarenkov et
al. 2020), and the NCBI non-redundant nucleotide sequences (nt) database (August
2020). The raw fastq files were filtered and cleaned using BBDuk version 38.34
(BBMap - BUSHNELL B. - sourceforge.net/projects/bbmap/) where sequences with

quality lower than 30 (Phred Score) and/or the number of base pairs less than 75 were
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discarded. The remaining sequences were imported into the program QIIME2 version
2021.4 (https://qiime2.org/) for bioinformatics analysis (Bolyen er al. 2019). The
qiime2-dada2 plugin is a complete pipeline that was used in additional replication
filtering "paired-end" sequence joining and chimera removal (Callahan et al. 2016).
Using the qiime2-feature-classifier command "amplicon sequence variants" (ASVs)
were generated and these contrasted via the classify-sklearn command against the
PLANITS2 database (Banchi er al. 2020), ASV's classified as unknown or at a level
lower than the taxonomic family classification were filtered and contrasted against the
UNITE ITS all eucaryotes version 8.2 database (Abarenkov et al. 2020). Finally, ASVs
classified as unknown or at a level lower than the family taxonomic classification were
filtered and contrasted against the NCBI non-redundant nucleotide sequences (nt)
database (May 2021) using BLASTn software (Camacho et al. 2009) with the default
parameter, and taxonomic assignment of the identified ASVs was done using the
MEGANG software (Huson et al. 2016). The number of sequences for each taxon was
used as a measure of abundance according to the method used by Deiner et al. (2017),
Camara et al. (2021) and Hering et al. (2018). Classification and systematics for
kingdoms and phyla followed Ruggiero et al. (2015). For minor taxonomic
classifications, Worms Editorial Board (Horton et al. 2022), Guiry & Guiry (2022), and
Banki et al. (2022) databases were checked, and for geographical distribution,
Thompson et al. (2019), Guiry & Guiry (2022) and Tropicos (http://www.tropicos.org)

data set were consulted. Rarefaction curves were calculated with the classified ASVs
from each sample with the iINEXT package (iNterpolation and EXTrapolation) (Hsieh et
al. 2016). Non-metric multidimensional scaling (NMDS) was used to visualize the
relationship between samples, taxa composition, and human presence. Permutational
multivariate ANOVA (PERMANOVA) test using the adonis2 function in Vegan
(Oksanen et al. 2022) based on 999 permutations, was used to analyze the human
presence influence on the taxa community and the samples. For the NMDS, Euclidean
distance on Hellinger transformed data was used (Legendre & Gallagher 2001). We also
performed a diversity z-test, for comparison of the Shannon and Simpson diversities
between samples, sample sites, and sample kinds, and a Venn diagram for visualizing

the shared taxa between samples kind (Heberle ef al. 2015).
Results

As seen in Fig. 2, the rarefaction curve calculated for all the samples collected
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reached the asymptote, indicating that the sampling effort was sufficient, and the
analyzed sequences are a good representation of the sequence diversity present in the

study areas.
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Fig. 2. Rarefaction curves obtained from samples collected on King George Island, Antarctica. a) Snow
Casa do Cachorro b) Snow Wanda c¢) Snow Meteoro d) Snow Lago Norte ) Snow Punta Ullman f) Air g)
Soil Nunatak Needle h) Soil Punta Ullman i) Soil Punta Plaza.

A total of 2,103,532 ITS2 paired-end DNA reads were generated during
sequencing, after quality filters and cleaning of the raw data 1,669,117 sequences
remained for taxonomic classification. After the taxonomic classification and discarding
of the sequences identified as fungi, already discussed by Rosa ef al. (2021, 2022) the
remaining sequences 802,041 were classified into 82 taxa, and 367 sequences were

classified as unknown (Table II, Fig. 3).
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Table II. The number of sequences present in the samples obtained from Admiralty Bay on King George
Island after applying the quality filters, and the number of sequences classified by each database.

SNOW SOIL SOIL SOIL
SNOW SNOW SNOW SNOW
SAMPLES AIR D CHORRO ULLMAN wanpa  LAGO o roro PUNTA  PUNTA NUNATAK | TOTAL
NORTE PLAZA ULLMAN NEEDLE
Raw sequences 477837 328085 290298 92160 73868 84783 324006 299645 132850 2103532
Cleanedand 55,4 254389 226712 74211 53426 66441 247758 242565 112466 1669117
Filtered seq
Class. by 10394 56866 21524 9142 4246 8443 26278 31278 354 168525
PlanITS
Class. by
UNITE 0 3633 6 1418 0 827 492 11503 0 17879
Class. by Blast  144gg 79782 178358 32287 39931 46587 58092 165956 156 615637
Unknown 0 0 0 325 0 0 0 42 0 367
Fungi UNITE 365762 108880 20498 22900 3253 9413 161545 31705 111926 835882
Fungi Blast 505 5228 6326 8139 5996 1171 1351 2081 30 30827

Fig. 3 Representation of the number of DNA sequences in each step of the classification of the snow, soil,
and air samples obtained from Admiralty Bay on King George Island.

From all samples, the classified ASVs included four kingdoms (Animalia,
Chromista, Plantae, and Protozoa) and 11 phyla (Arthropoda, Cercozoa, Chlorophyta,
Chordata, Porifera,

Streptophyta). Of the 82 taxa identified 23 (29%) could be identified at the species level

Ciliophora, Cnidaria, Dinophyaceae, Mollusca, Perclozoa,

(Table III), and 27 (22%) have not been previously recorded of occurrence in

Antarctica.
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Table III. Abundance (number of DNA sequences) of taxa present in samples obtained on King George
Island (classification according to Ruggiero et al. 2015). (*) indicates species not previously recorded for

Antarctica.
DNA sequences reads by samples

TAXA AIR CA?ZI:I%‘IZRO Uiil(\)/IVZN Vsl:gl‘;vA SN(I\)JX)VRI;;:GO Mf:?l(z)gllzo Pi?&%A UI?I?I\%&N NUSN(I)AI%AK
ANIMALIA
ARTHROPODA
Entomobryomorpha 33 0 0 0 0 0 38 0 0
Diptera 0 0 0 84 0 0 0 0 0
Myrmecia sp. 0 0 0 0 0 0 30 0 0
CHORDATA
Salpa thompsoni 257 0 0 0 0 0 0 0 0
CNIDARIA
Anthozoa 50 0 0 0 0 0 0 0 0
MOLLUSCA
Bivalvia 58 0 0 0 0 0 0 0 0
PORIFERA
Spongillida 0 0 0 0 0 0 0 233 0
CHROMISTA
CERCOZOA
Thaumatomonas sp. * 0 0 0 0 0 0 23 0 0
CILIOPHORA 0 0 0 0 0
Unknown Ciliophora 33 4134 171 100 145 421 80 1025 0
Haptorida 0 8 0 0 29 0 0 160 0
Fuscheria nodosa 0 0 0 0 0 0 0 27 0
Nassula labiata * 0 0 0 0 0 0 38 0 0
Oligohymenophorea 0 0 0 0 0 0 33 0 0
Peniculida 0 1852 476 453 779 4400 0 464 0
Marituja sp. * 0 413 0 37 0 16 0 256 0
Homalogastra sp. * 0 0 0 0 0 0 46 133 0
Homalogastra setosa * 0 0 0 0 0 0 0 4 0
Sessilida * 0 0 0 0 0 0 638 585 0
Epistylidae * 0 0 0 0 0 0 439 0 0
Rhabdostyla sp. * 0 0 0 0 0 0 722 0 0
Vorticellidae 0 0 0 0 0 0 387 0 0
Trithigmostoma cucullulus * 0 19 7 0 0 0 141 537 0
Podophrya fixa * 0 0 0 0 0 0 0 100 0
Spirotrichea 0 0 0 0 0 0 548 1491 0
Sporadotrichida 40 10472 280 162 0 55 344 908 0
Halteria sp. 0 0 0 0 0 0 0 4563 0
Oxytrichidae 0 3633 6 1418 0 827 0 0 0
Stylonychia lemnae 11 0 0 0 0 0 0 0 0
Amphorellopsis quinquealata * 74 0 0 0 0 0 0 0 0
Anteholosticha sp. 0 2920 0 0 0 0 0 1021 0
MYZOZOA
Blastodinium contortum * 10 0 0 0 0 0 0 0 0
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DNA sequences reads by samples

TAXA AIR CA?ZI:I%‘IZRO Uiil(\)/[vZN vgﬁgm SN(I\)IX)VRI}[;:GO Mf:?]?gllzo Pi?&%A UI?I?BEIIZN NUSN(z)sl'::AK
PLANTAE

CHLOROPHYTA

Unknown Chlorophyta 1780 6993 27273 674 476 13630 6354 96864 0
Chlorophyceae 0 299 297 46 163 41 0 159 0
Diplosphaera chodatii 0 0 0 0 0 0 5949 0 0
Chlamydomonadales 61 4755 21433 26 92 1457 59 1999 0
Macrochloris sp. 0 0 0 0 0 0 0 6936 0
Chlamydomonadaceae 328 1009 21199 101 890 4455 0 1232 0
Chlamydomonas sp. 854 56329 2423 9072 4246 8325 1428 25719 201
Chloromonas sp. 0 4971 1056 0 233 206 15 76 0
Chloromonas hindakii * 0 332 637 0 1013 414 0 268 0
Chloromonas krienitzii * 0 0 0 104 0 0 0 8 0
Chloromonas nivalis * 1021 2893 11379 2235 18354 12568 0 2480 0
Sanguina nivaloides 10833 38849 113251 28220 17757 8919 1377 10827 97
Chlorococcum oleofaciens 0 0 0 0 0 0 340 0 0
Neocystis sp. 0 0 0 0 0 0 894 0 0
Scenedesmaceae * 0 0 0 0 0 0 0 249 0
Trebouxiophyceae 0 15 0 9 0 0 9410 192 59
Chlorellales 0 0 0 0 0 0 0 210 0
Chlorella sp. 0 0 0 0 0 0 54 362 0
Micractinium sp. 27 0 0 0 0 0 0 3882 0
Pseudochlorella sp. * 0 0 0 0 0 0 296 0 0
Pseudochlorella pringsheimii * 0 0 0 0 0 0 73 0 0
Coccomyxa sp. * 0 0 0 0 0 0 74 0 0
Coccomyxa subellipsoidea * 0 0 0 0 0 0 17 0 0
Unknow Microthamniales 0 0 0 0 0 0 1046 0 0
Prasiolales 0 0 0 0 0 0 19 0 0
Koliellaceae * 0 220 0 70 0 22 0 115 153
Prasiolaceae 0 0 0 0 0 0 965 0 0
Prasiola sp. 0 0 0 0 0 0 9586 42850 0
Desmococcus olivaceus * 29 0 0 0 0 0 2829 0 0
Deuterostichococcus epilithicus * 0 0 0 0 0 0 143 0 0
Stichococcus sp. 0 0 0 0 0 0 20 0 0
Stichococcus antarcticus 0 0 0 0 0 0 24 0 0
Tritostichococcus coniocybes * 0 0 0 0 0 0 24 0 0
Elliptochloris sp. 0 0 0 0 0 0 113 0 0
Trebouxiales

Trebouxiaceae 0 0 0 0 0 0 73 0 0
Asterochloris sp. 0 0 0 0 0 0 86 0 0
Myrmecia sp. 0 0 0 0 0 0 4558 0 0
Trebouxia sp. 110 165 0 0 0 96 15948 0 0
Ulotrichales 0 0 0 0 0 0 1485 30 0
Kornmannia leptoderma * 0 0 0 0 0 0 191 0 0
Pseudendoclonium sp. * 53 0 0 0 0 0 0 0 0
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DNA sequences reads by samples

TAXA AIR SNOW SNOW SNOW SNOW LAGO SNOW SOIL SOIL SOIL
CACHORRO ULLMAN WANDA NORTE METEORO PLAZA ULLMAN NUNATAK
Monostroma sp. 16 0 0 0 0 0 0 0 0
Monostroma angicava 8994 0 0 0 0 0 0 0 0
Blidingia sp. * 0 0 0 0 0 0 165 0 0
STREPTOPHYTA
Campylopus gracilis 20 0 0 0 0 0 0 0 0
Sanionia sp. 0 0 0 0 0 0 124 0 0
Pottiaceae 0 0 0 0 0 0 124 0 0
PROTOZOA
Allovahlkampfia sp. 0 0 0 0 0 5 0 195 0
EUKARYOTA UNKNOW 190 0 0 36 0 0 17492 2539 0
Opisthokonta 0 0 0 0 0 0 0 38 0
UNKNOW 0 0 0 325 0 0 0 42 0
TOTAL 24882 140281 199888 43172 44177 55857 84862 208779 510
Air Snow
23) (25)
0
2
10
3 13
44
Soil
(70)

Fig. 4. Venn diagram showing the numbers of taxa found in each of the tree sample kinds (snow, air, and

soil) collected on King George Island, Antarctica.

As for the unknown taxa, 367 reads couldn't be assigned to any taxa available at

all three datasets consulted, unknown Eukaryota represented 2.51% of the sequences

obtained (20,257 reads), and 38 reads were associated with the Opisthokonta clade,
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which includes all animals and fungi.

The Viridiplantae was the richest and most abundant group found in the samples,
as it accounted for around 90% of the total reads, with unknown Chlorophyta (green
algae) alone representing 19.10% of the total sequences.

The taxa Sanguina nivaloides (Chlorophyta) was the most abundant, and was
present in all samples, followed by unidentified Chlorophyta and the genus
Chlamydomonas.

The soil from Punta Plaza was the richest and, according to the Simpson
diversity test, the most diverse sample; on the other hand, the soil from Nunatak Needle
was the poorest (Table IV), with only 4 species, and the less diverse sample was the
snow from Wanda (Table IV).

The soil, air, and snow samples had 44, 10, and 2 exclusive taxa associated with
them respectively (Fig. 4). Due to the not equivalent sampling effort, comparisons at the
community level between sample kinds (air, snow, and soil) were only possible between
snow and soil. The results of the t-test from both Simpson diversity and richness
showed no difference between the communities of the snow and soil (p > 0,05) from

Admiralty Bay on King George Island (KGI).

Table IV. Diversity indices of taxa presents in samples obtained at Admiralty Bat on King George Island.

Sample taxa richness Simpson Fisher's a Margalef
Air Punta Plaza 23 0.6714143 2.498 2.174
Snow Casa do Cachorro 20 0.7489595 1.773 1.603
Snow Punta Ullman 14 0.6341986 1.161 1.065
Snow Wanda 18 0.5243561 1.783 1.593
Snow Lago Norte 12 0.6551705 1.135 1.028
Snow Meteoro 17 0.8285242 1.628 1.464
Soil Punta Plaza 48 0.8810893 492 4.141
Soil Punta Ullman 38 0.7222638 3.451 3.021
Soil Nunatak Needle 4 0.7051134 0.5917 0.4812

As seen in Fig. 4 at the NMDS graph, the sample communities couldn't be
distinguished by the level of human influence. The PERMANOVA analysis performed
on the ASV’s dataset resulted in an R? of 0.10 and a not significant p-value confirming

that the level of anthropization had no effect on the sample community at the site.
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Fig. 4. Nonmetric multidimensional scaling (NMDS) based on the Euclidean distance of community
composition from samples collected on King George Island, Antarctica. Composition based on molecular
ASV’s abundances. Relative abundance data were Hellinger-transformed. Samples are colored according
to human presence at the site.

Discussion

For the soil samples of the Admiralty Bay, few studies may be used for a fair
community comparison, Carvalho-Silva et al. (2021) focused on streptophytes
environmental DNA, had found 16 taxa on the soil of the nearby island of Deception,
and at the same place, Camara et al. (2021) registered 65 chlorophytes. Combined, both
studies found 81 Viridiplantae taxa. At the soils of Admiralty Bay, we were able to find
a total found of 43 Viridiplantae taxa, which indicates Admiralty Bay to be a less
diverse environment, at least for plants, when compared to Deception Island. Although
the reasons for these differences may be associated with a higher human presence at
Deception Island due to it being a tourist destination and its higher chance to receive
diaspores associated with human activity. Besides, hot springs can be found on
Deception Island, which made slightly warmer zones and may contribute to a more
diverse environment and possibly plant community (Smith 2005).

The soil at Punta Plaza had the highest richness and diversity, followed by Punta
Ullman, and Nunatak Needle. The richness and diversity were higher in the more
anthropized area (Punta Plaza) compared to those found in the less anthropized areas

(Punta Ullman and Nunatak Needle). Besides, 36 species were exclusive to the Punta
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Plaza sample, suggesting a difference in the community of the sites. Although the
proximity to the EACF may increase the number of organisms around, Punta Plaza is
also the closest site to the entrance of Admiralty Bay. The constant exposure to high
winds and marine spray coming from the Bransfield Strait might be a more significant
factor regarding the differences observed between the soil communities, evidence for
this are the several marine taxa found in the Punta Plaza soil, such as Thaumatomonas
sp., Nassula labiata, and Rhabdostyla sp., not found at Punta Ullman or Nunatak
Needle. The exposure to these winds also resulted in the recording of all Ulvophyaceae
taxa in soil samples, although these been known for being marine organisms.

Among the snow samples, the sample from Casa do Cachorro was the richest of
all, and the most diverse site was Meteoro. The poorest site in the number of taxa was
Lago Norte, and the less diverse was Wanda. Using the metabarcoding technique, but
with the 16s marker Soto ef al. (2020) found similar taxa during multicolored snow
algae bloom at Fieldes peninsula, also on the KGI. Using the 16s and ITS marker in a
broader approach, Davey et al. (2019) sampled the snow of Ryder Bay, on Adelaide
Island, and the algae community found by them is related to the one found by us.
Although both studies have found similar taxa to ours, this work found a greater
diversity when compared.

For the air sample, 23 taxa were registered, these are the first airborne non-fungi
organisms ever recorded via the metabarcoding technique in Antarctica. From
Chromists to animals, organisms found in the air sample varied a lot been most of them
green algae. As found by us, Marshall & Chalmers (1997) using traditional sample
methodologies, were able to record a few species of algae and diatoms in air samples.
According to Wynn-Williams (1990), green algae and cyanobacteria fulfill the role of
the primary colonizer to fix carbon and provide essential molecules to further
organisms. The bryophyte Campylopus gracilis was the only terrestrial organism
detected in the air sample, never recorded on the Antarctic continent, its known
distribution is concentrated to the northern hemisphere, with some records in the Andes.
Although the genus Campylopus had been already recorded in Antarctica with four
species, C. gracilis is a novelty, this being the first record of the specie for the continent
(Ochyra et al. 2008). Although it may be an erroneous match, caused by the database's
lack of resolution, it also can be related to diaspores from a close but unknown
population, or even propagules coming from way further distances as already found by

Kappen & Straka (1988). In both cases, with the newer ice-free areas emerging due to
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the increase in the temperature, we may expect to see it expanding or taking its place as
part of the Antarctic community.

In the air, also four Animalia taxa were detected. Entomobryomorpha is a
relatively abundant taxa in Antarctica, known mainly by springtails usually found living
in the vegetation, soil, or under rocks, it may seem odd to such terrestrial organisms to
be found in an air sample, but aerial dispersal is an actual way of dispersion of the group
Hawes et al. (2007). Other taxa like the Anthozoan and Bivalvia class and Salpa
thompsoni, mostly aquatic organisms, already recorded to the continent, were also
caught by the air sampler, possibly brought by the marine spray carried by the wind,
since it was located very close to the sea at the Punta Plaza site.

Between types of samples, the soil of KGI was the richest and most diverse, with
a mean of 30 species per sample, and the snow was the poorest with only 16,2 species
per sample, the air was the least diverse sample. However, the two different substrates
we were able to compare (snow and soil) were found to have no statistical difference in
abundance or diversity.

The Viridiplantae kingdom was the richest and most abundant group found in all
samples. From Viridiplantae most records came from the Trebouxiophyceae,
Chlorophyceae, and Ulvophyceae classes, those are composed of green algae species,
found in diverse terrestrial and aquatic environments in the form of coccoid to ellipsoid
unicells, filaments, blades, and colony-forming organisms (Muggia et al. 2018). In this
study, the Trebouxiophyceae was responsible for 22 taxa, being the richest class of the
phylum, the second Chlorophyceae with 14 taxa and most of the sequences, 59%,
followed by the Ulvophyceae appearing to complete the core Chlorophyta phylum
(Leliaert er al. 2012).

From the Chlorophyceae class, Sanguina nivaloides was the most abundant taxa
of the study, present in all the samples, it has a cosmopolitan distribution, been found
across the globe where perennial snows are present. The species is also known to be
associated with blood snow phenomena (Prochdzkova et al. 2019) together with some
species of the genus Chloromonas, also found in abundance at the samples usually
associated with animal nutrient input (Remias er al. 2013). From the same genus
Chloromonas, new records to Antarctica like C. hindakii, C. krienitzii, and C. nivalis to
the KGI were made. Some species of the very abundant genus Chlamydomonas
(13.46% of the total reads) are well-known and widespread snow algae occurring in

freshwater/terrestrial habitats (Stibal et al. 2007, Guiry & Guiry 2022). Other new



37

distributions of Chlorophyaceae taxa recorded by this study were, Chlorococcum
oleofaciens to Antarctica and the family Scenedesmaceae to the KGI.

The most abundant taxon in the class Trebouxiophyceae was Prasiola sp.
typically found growing on substrates or in lichenized forms, Prasiola crispa is a very
common sight in ice-free areas covering a great extension of ground in maritime
Antarctica, from taxa with similar habits (Vinocur & Pizarro 1995, Vinocur & Pizarro
2000, Kovécik & Pereira 2001) and the genus been already detected by metabarcoding
studies at the region (Fonseca et al. 2022, Camara et al. 2021a). Several new records
were made to the class, Coccomyxa subellipsoidea, Pseudochlorella pringsheimii,
Tritostichococcus coniocybes to Antarctica, and Desmococcus olivaceus, and
Deuterostichococcus epilithicus to the KGI. Trebouxiophyceae taxa found here included
organisms such as the well-known genera Chlorella that have been broadly served as
model organisms for pioneering plant physiological and biochemical studies and used in
agriculture and biotechnology research (Huss et al. 1999), and others typically
planktonic taxa as Micractinium and Koliellaceae the last being a new record to
Antarctica.

At the Ulvophyceae class, the most marine class of the three, five taxa were
found, the most abundant taxa Monostroma angicava is a macroalga and represents
1.1% of the total sequences found in the air sample. M. angicava is also reported from
Japan, China, Korea, and Norway, species of the genus have an important role in Asia
as food source and pharmaceutical uses (Kaztowski er al. 2012). From those samples,
Blidingia, Pseudoclonium, and Kornmannia leptoderma were first recorded to the KGI.

The second most abundant phylum of Viridiplantae, Streptophyta was
represented by three moss taxa, Campylopus gracilis, Sanionia sp., and one member of
the family Pottiaceae, together they represent around 0.03% of the total of the reads.
Sanionia is one of the most widespread genera in this region, being very abundant is the
major component of the moss carpets found on the shores of the KGI (Camara et al.
2021b). Pottiaceae is the second largest Antarctic moss family with 17 species, most of
which are rare and inconspicuous, although, some taxa such as Syntrichia sp. for
example, can be easily found around the KGI and is a widespread moss genus
throughout almost the entire continent.

Chromista was the second most abundant and diverse kingdom, with almost 6%
of the reads it was found in all samples except Nunatak Needle’s soil. The bacteria

feeding Ciliophora phylum, had its sequences assigned to some ciliates that are often
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widespread and a few new taxa to Antarctica. The Oligohymenophorea class was the
most abundant and the richest of the phylum followed by the Peniculida order. Next, the
Sporadotrichida order (Spirotricheas class) was found in almost all samples. Two more
Chromista phyla were detected by the DNA metabarcoding method, Myzozoa, and
Cercozoa with just one taxon each.

The new Chromista records to the continent found in this work were Nassula
labiata known for living in fresh and marine water, Marituja sp., which is associated
with the tide zone, Rhabdostyla sp., which lives as epibiont usually in freshwater
organisms, all widespread, and Podophrya fixa, also an epibiont organism recorded at
the Arctic region. To the KGI we had the family Epistylidae, the marine flagellated
genus Thaumatomonas sp., Homalogastra setosa epibiont sessile found both in fresh
and marine water, Trithigmostoma cucullulus found usually at estuaries, Amphorellopsis
quinquealata, a marine species and, a parasite species Blastodinium contortum (Harris
2006, Thompson et al. 2019).

The kingdom Animalia was the third most abundant and rich, ranging from the
most basal seas sponges, Spongillida order, to the first chordates (Salpa thompsoni). In
one snow sample from Wanda, most known for its flying insects, the Diptera order was
detected, although there are only two native insects in Antarctica, the midges Belgica
antarctica and Parochlus steinenii, studies have paid attention to the increase of alien
species being found at anthropized places, such research stations (Chown & Convey
2016, Hughes et al. 2005), fortunately, Wanda is a relatively pristine site not much
affected by human presence, hardly been its case.

The Spogillida order mainly known by its marine representants was curiously
recorded in one soil sample, the proximity of the sampled site to the sea, and the
constant marine spray carried by the high winds, might be a reasonable explanation for
these records. At Punta Plaza, the ant genus Myrmecia was also recorded in the soil. As
there are no native species of ants recorded in Antarctica, its appearance may be related
to the proximity of the site to the Punta Plaza Brazilian refuge, that during the summer
is also used as a research station (Chown & Convey 2016).

At last, the Protozoa made its entrance on the list with just one taxon
Allovahlkampfia sp. found in soil and snow samples is already recorded in Antarctica
(Tyml et al. 2016). Recent studies have shown that this amoeba may have
environmental and clinical implications since it may act as a replicative host for several

pathogenic bacteria (Mohamed & Huseein 2016).
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In the matter of being affected or not by human presence, there weren’t statistics
that supported differences between anthropized or not areas, either in diversity or
richness indices. The NMDS (Fig. 4) and PERMANOVA analysis showed that there
was no relationship between the level of human presence and the community at the
sample site. Although the many years of human presence at Admiralty Bay (Rakusa-
Suszczewski 1998) and the visible transformation of the environment, the human
presence doesn’t seem to have affected the community of the region at the levels we
were able to assess.

Regarding species that have just arrived in Antarctica but aren’t able yet to
develop themselves due to environmental reasons such as temperature, humidity, or
available substrate, all newly recorded Viridiplanteae found in this study, have their
original distribution also related to as cold environments. Although mainly in the
northern hemisphere, their presence in the Antarctic Peninsula suggests that they may
be just unknown Antarctic native species. Of the species recorded in this study, all of
them are associated with already cold environments, so there was no species that due to
the ongoing increase in temperature, may in the future become capable of colonizing
and spreading itself, better than they already do.

In conclusion, this study generated a great array of data increasing the
knowledge of the Antarctic biodiversity, enabling new insights into the subject, and
providing a source of data for other studies. However, it is important to remember that
the found DNA sequence does not confirm the presence or viability of a given
organism, and targeted studies are recommended to confirm the presence of a species.

Although aware of our not ideal sampling effort, we could not observe any
statistical difference between the sampled areas, and the evaluation of the impact caused
by the human presence at different sites and substracts showed that the anthropization at
the bay, has still not significantly affected the sampled communities. We could also
confirm that air is being used as a means of dispersion for a great variety of taxa, and its
role in further colonization of ice-free needs consideration. Concerning the investigation
of species that may benefit from the incoming increase in temperature, this study was
not able to observe any species in such terms, but further investigation with broader
sampling might be recommended.

Due to the result obtained, we endorse that DNA metabarcoding is a viable tool
to assess the diversity and richness of taxa present in the snow, soil, and air of even

harsh places such as Antarctica. The great number of sequences not able to be classified
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into more specific levels may serve as a reminder that there is still a need to keep
improving our genomics database, and there is much to know about Antarctica

biodiversity yet.
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DISCUSSAO GERAL

Devido a escassez de estudos utilizando a técnica de DNA em regides antérticas,
poucas comparagdes foram possiveis considerando os resultados encontrados nesse
trabalho. Na Baia do Almirantado, foram detectadas um total de 43 taxons do Reino
Viridiplantae. Em estudos semelhantes como os de Camara et al. (2020) e Carvalho-
Silva et al. (2021), foram registradas cerca de 65 tdxons de clordfitas e 16 tdxons de
estreptofitas, em amostras de solo da ilha vizinha chamada Deception, totalizando 81
taxons pertencentes ao Reino Viridiplantae. Sendo assim, é possivel notar uma menor
diversidade nos ambientes da Baia do Almirantado, quando comparados aos ambientes
observados na ilha Deception. Fatores que aumentem a dispersido de didsporos podem
estar relacionados ao aumento da diversidade de organismos em ilhas, como € o caso da
ilha Deception que sofre com atividades humanas em alguns periodos do ano. Além
disso, as fontes termais que podem ser encontradas em Deception, criam zonas mais
quentes e podem contribuir para um ambiente mais diversificado e possivelmente mais
favoravel para as espécies de plantas que ali chegam.

Das amostras de neve, usando a técnica de DNA metabarcoding, mas com o
marcador de 16s Soto et al. (2020) encontraram tdxons semelhantes durante a floragdo
de algas de neve multicoloridas na peninsula de Fildes também na IRG. Usando o
marcador 16s e ITS em uma abordagem mais ampla Davey et al. (2019), com amostras
de neve da baia de Ryder, na ilha de Adelaide, obtiveram uma comunidade de algas
relacionada com a encontrada neste estudo.

Para a amostra de ar, estudos anteriores usando metodologias de amostragem
tradicionais como Marshall & Chalmers (1997) foram capazes de registrar algumas
espécies de algas e diatomdceas em amostras de ar também, de acordo com Wynn-
Williams (1990) algas verdes e cianobactérias sdo organismos que preenchem o papel
do colonizador primdrio para fixar carbono e fornecer moléculas essenciais a outros
organismos. Em nossas amostras foram registrados 23 tixons, estes s@0 0s primeiros
organismos nao-fungi aéreos j4 registrados através da técnica de DNA metabarcoding
na Antartica.

O solo de Punta Plaza teve a maior riqueza e diversidade, seguido por Punta
Ullman, e Nunatak Needle. Embora a proximidade com a EACF possa aumentar o
nimero de organismos nas proximidades, Punta Plaza é também o local mais préximo

da entrada da Bafa do Almirantado. A constante exposi¢do aos ventos fortes e o “spray”
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marinho vindo do estreito de Bransfield pode ser um fator mais significativo em relagdo
as diferencas observadas entre as comunidades do solo.

Um fato que foi observado em nosso estudo, foi a presenca de tdxons do reino
Animalia em amostras de ar. Dentre os taxons detectados, destacasse
Entomobryomorpha que € relativamente abundante na Antdrtica, conhecido
principalmente por espécies de colémbolas que geralmente sdo encontrados vivendo na
vegetacdo, solo ou sob rochas. Apesar de parecer estranho encontrar organismos
terrestres em amostras de ar, a aerocoria é uma forma conhecida de dispersdo do grupo
(Hawes et al. 2007). Outros taxons como Salpa thompsoni e pertencentes as classes
Antozoa, Bivalvia em sua maioria organismos aqudticos, ja registrados no continente,
também foram capturados pelo amostrador de ar, possivelmente sob influéncia do spray
marinho transportado pelo vento, ji que estava localizado muito préximo ao mar no
local do Punta Plaza.

Viridiplantae foi o grupo nao-fungi mais rico e abundante encontrado nas amostras € no
total, o tdxon mais registrado foi Sanguina nivaloides (Chlorophyceae), encontrada em
todas as amostras. Sanguina nivaloides € uma espécie cosmopolita, e € encontrada em
todo o mundo onde neves perenes estdo presentes, a espécie também € conhecida por
estar associada aos fendmenos de neve de sangue, onde grandes floracao da espécie
formam grandes manchas geralmente vermelhas sobre a neve (Prochdzkova et al. 2019).

Chromista foi o segundo reino mais abundante e diversificado, com quase 6%
dos sequéncias, o filo Ciliophora conhecido por se alimentar de bactérias, teve suas
sequéncias atribuidas a alguns ciliados que sdo amplamente difundidos pelo mundo e
alguns novos tdxons para a Antartica.

O reino Animalia foi o terceiro mais abundante e rico, variando desde as mais
basais esponjas marinhas pertencentes a ordem Spongillida, até os primeiros cordados
(Salpa thompsoni). Finalmente, o reino Protozoa fez sua entrada na lista com apenas um
taxon Allovahlkampfia sp. encontrado em amostras de solo e neve ja foi registrado na
Antartica (Tyml et al. 2016).

Quanto ao impacto causado ou pela presenga humana, ndo houve estatisticas que
suportassem diferencas entre dreas antropizadas ou ndo, seja em indices de diversidade
ou riqueza. A andlise NMDS e PERMANOVA mostrou que niao houve relacio entre o
nivel de presenca humana e a comunidade no local da amostra. Embora os muitos anos
de presenca humana na Baia do Almirantado (Rakusa-Suszczewski 1998) e a visivel

transformac¢do do ambiente, a presenca humana nio parece ter afetado a comunidade da
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regido nos niveis que fomos capazes de avaliar.

Em relacdo as espécies que chegam a Antartica, mas que ainda ndo conseguem
se desenvolver devido a razdes ambientais como temperatura, umidade ou substrato
disponivel, todas as Viridiplanteae encontradas neste estudo, t€ém sua distribui¢ao
original também relacionada a ambientes frios, principalmente no hemisfério norte. A
presenca de tais espécies na Peninsula Antartica sugere que elas podem ser apenas
espécies nativas antdrticas até entdo desconhecidas. Das espécies registradas neste
estudo, todas elas ja estdo associadas a ambientes j4 frios parecidos com o da Peninsula
antdrtica, de modo que nao houve nenhuma espécie que, devido ao aumento continuo da
temperatura, possa se tornar mais capaz de colonizar e se espalhar, melhor do que elas

ja o fazem.
CONSIDERACOES FINAIS

Este estudo gerou uma grande variedade de dados aumentando o conhecimento
da biodiversidade antértica, possibilitando novos dados referentes a biodiversidade do
local e fornecendo uma fonte de dados para outros estudos. Entretanto, é importante
lembrar que a sequéncia de DNA encontrada nio confirma a presenga ou viabilidade de
um determinado organismo, e estudos direcionados sao recomendados para confirmar a
presenca dos tdxons de interesse.

Embora conscientes de nosso esforco de amostragem nao ideal, ndo pudemos
observar nenhuma diferenca estatistica entre as dreas amostradas, e a avaliacdo do
impacto causado pela presenca humana em diferentes locais e substratos mostrou que a
antropizagdo na baia, ainda ndo afetou significativamente as comunidades amostradas.
Podemos também confirmar que o ar estd sendo usado como meio de dispersdo para
uma grande variedade de tdxons, e seu papel na colonizacdo de dreas sem gelo precisa
ser considerado.

Com relagdo a investigacao de espécies que podem se beneficiar com o aumento
da temperatura esperado, este estudo nao foi capaz de observar nenhuma espécie em tais
termos, mas recomendamos uma investigacdo mais aprofundada, com amostragem mais
ampla, e se possivel de forma periddica.

Devido ao resultado obtido, endossamos que o DNA metabarcoding € uma
ferramenta vidvel para avaliar a diversidade e riqueza dos tdxons presentes na neve, solo
e ar de lugares tdo dificeis como a Antértica. O grande nimero de sequéncias que nao

puderam ser classificadas em niveis mais especificos, pode servir como um lembrete de
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que ainda hd a necessidade de continuar melhorando nossos banco de dados gendmicos,

e de que ainda hd muito a se saber sobre a biodiversidade da Antértica.
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