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Resumo

As diatoméaceas (Bacillariophyceae) sédo algas wiarels, microscopicas, de distribuicdo
cosmopolita, que ocorrem em diferentes ecossisteSwas principal caracteristica € a parede
celular bivalve composta quimicamente por siliaga csuperficie € ricamente esculpida e o
conjunto das duas valvas de um individuo consttéitstula. Tais algas sdo sensiveis a uma
variedade de fatores ambientais necessarios paradtsmo crescimento sendo, por isso,
consideradas excelentes indicadores de mudancascqu&m nos ecossistemas aquaticos, em
especial da eutrofizacdo. Apesar disso, o conhetongdas diatomaceas das regides tropicais
ainda é considerado bastante insuficiente. A gtesfjuisa é parte do projeto AcquaSed (2010-
2014) e enfoca seis sistemas tropicais e suas ¢dauas de diatomaceas. Para tanto, foram
amostrados seis reservatérios localizados nas sdcidAlto Paranapanema (trés estacbes de
amostragem) e do Ribeira do Iguape/Litoral Sulddfacdes de amostragem), situados no sul do
Estado de Sao Paulo. Amostras de agua coletadastews verdo e inverno e de sedimentos
superficiais amostrados no inverno foram utilizagag analisar as caracteristicas ambientais
dos seis reservatorios, além de suas respectiveminidades de diatoméceas. Apesar do
paradigma estabelecido sobre a dispersdo ubiquandwerganismos, estudos taxondmicos
recentes confirmaram um componente endémico distimia florula de diatomaceas de agua
doce em diversas localidades ao redor do mundo Bramsil, um crescente niamero de trabalhos
taxondmicos contendo descricdo de novas espéciasseado publicado. Na presente tese,
algumas espécies que ocorrem na area de estudiacmmadas no banco de dados do projeto
AcquaSed sao apresentadas como novas com baseaésesanle microscopia de luz (ML) e
eletrbnica de varredura (MEV), além do suporte déod ecoldgicos, da analise de materiais-
tipo e da comparacdo com popula¢gbes de difererdbfats e ecossistemas. As amostras
coletadas nos reservatérios brasileiros revelarama fiérula muito diversa, com espécies
desconhecidas e Unicas de diatomaceas, que aariicimportancia de avaliar a identidade e a
distribuicdo dessas algas nas regifes tropicasomposicao das comunidades de diatomaceas
reflete todo um complexo de variaveis ecoldgicasugtelocal particular. Consequentemente,
estudos taxon6micos e levantamentos floristicos s@ééapoiam projetos de pesquisa aplicada

como também permitem o monitoramento da qualidadagiia, além de uma ampla gama de



questbes de pesquisa basica de revisdo e monggrat@nomicas, reconstrucao filogenética,
estudos biogeograficos, ecoldgicos, fisiologic@srabktauracdo e conservacao. Do ponto de vista
ecoldgico, investigou-se os principais direcionadoda biodiversidade e da distribuicdo de
diatomaceas nos seis reservatorios e avaliaranese efeitos também em conjuntos de
diatoméaceas de diferentes categorias de raridadeneiando a importancia desse grupo que
compde a maior parte da comunidade, mas que éemh gxcluido das andlises estatisticas. O
presente estudo mostra que 0s processos ha nasd@zkependentes da escala e que os limites
da dispersédo podem ser mais importantes em pegascass (< 100 km). Além disso, a area de
estudo ndo impactada pode ser considerada um fatportante na determinacdo das
contribuicbes relativas dos componentes geografioas estrutura da comunidade de
diatoméaceas. Finalmente, expds-se que altos nieisonectividade hidrologica favorecem a
troca de organismos através da dispersédo passiveergando a similaridade na composicéo das
metacomunidades e diminuindo a diversidade betanodstrando que a conectividade
hidrolégica desempenha um papel de capital impodana explicacdo da dinamica das
metacomunidades. Consequentemente, esta variavelen@ ser negligenciada em modelos que
predigam o funcionamento do ecossistema. Paral@ronservacao, os resultados sugerem uma
protecdo em grande escala, assegurando a diversigeid entre sitios e conservando a
diversidade total. Por fim, o desenvolvimento e estd de diferentes abordagens de
biomonitoramento tornam-se fundamentais no fornestmde informacées sobre o estado atual

dos ecossistemas de agua doce.

Palavras-chave: bioindicacdo, diatomacea, diversidade beta, filogion, represa de

abastecimento, RMSP, sedimentos superficiais.



Abstract

Diatoms (Bacillariophyceae) are cosmopolitan, uhita, microscopic algae that occur in
different ecosystems. Their main morphological deats the silica built cell wall possessing a
rich sculpted surface that constitutes the frustidéatoms are sensitive to a variety of
environmental features necessary for its optimaiwjn that makes them excellent indicators of
aquatic ecosystems changes and especially thepbidation. Despite this, knowledge about
diatoms of tropical regions is still consideredyersufficient. Present research is part of the
AcquaSed project (2010-2014) and focuses, therefametropical systems and their diatom
communities. For this purpose, six reservoirs ledan the Alto Paranapanema (3 sampling
stations) and Ribeira do Iguape/Litoral Sul (17 gamg units) basins locates in the south of the
State of Sdo Paulo were sampled. Water (summemantér) and surface sediments (winter)
samples were collected for the analyses of thevess environmental characteristics and their
respective diatom communities. Despite the estaddisparadigm that microorganisms are
ubiquitous dispersed, recent taxonomic studiesicoatl a distinctive endemic component in
the freshwater diatom flora of several localitiearrd the world, and in Brazil a growing number
of taxonomic works containing new species desatpkias been published. In the present thesis,
some species that occur in the study area and imeheded in the AcquaSed database are
presented as new based on light (LM) and scanregren microscopy (SEM) analyses, and
also as supported by ecological information, typatemal analysis, and comparison among
populations of different habitats and ecosystemsalyses of samples collected from Brazilian
reservoirs revealed a very diverse diatom florathwinknown and unique diatom species
enlightening the importance of tropical diatomsniity and distribution evaluation. Diatom
community composition reflects an entire complexeoblogical characteristics of a particular
location. In this sense, taxonomical studies andsfiic surveys are of utmost importance for
applied research projects, such as water qualityitoring as well as of a wide range of basic
research such as taxonomic monographs and revigiglogenetic reconstruction,
biogeography, ecology, physiology, and restorat@mmd conservation questions. Diatom
biodiversity main drivers and distribution in tropl reservoirs were investigated from the
ecological point of view, and their effects on thiatom datasets separated into different rarity
categories were evaluated, evidencing the impoetasfcthe latter group that constitutes the

major part of the diatom community, but that isalsuexcluded from the statistical analyses.
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Current study shows that processes in nature ate dependent and that dispersion limits may
be more important on small scales (< 100 km). Iditeah, the unaccented study area can be
considered an important factor for determinatiorthaf relative contribution of the geographic
components to the diatom community structure. Final was indicated that high levels of
hydrological connectivity favor the organisms exul@ through a passive dispersion, thus
increasing the similarity of the metacommunitiemposition and decreasing beta diversity, and
consequently demonstrating that hydrological cotiviéc plays a considerable role in
explaining metacommunities dynamics. Consequethig, variable must be not neglected in
models that aims at predicting the ecosystem fanitg. For conservation purposes, the results
suggest large-scale protection, ensuring beta sltyebetween sites, and conserving total
diversity. In addition, development and testing different biomonitoring approaches are

essential to provide information on the currentestd freshwater ecosystems.

Key words: bioassessment}-diversity, phytoplankton, diatom, reservoir, RMS8yrface

sediments.



Apresentacao

A presente tese sobre a “Comparacdo da biodiveksi@adistribuicdo das diatomaceas
planctdnicas e de sedimentos superficiais em ss&rvatorios no sul do Estado de S&o Paulo”
sera apresentada em oito capitulos, sendo cadeela® kdigido na forma de um manuscrito
cientifico individualizado quanto a objetivos, B da literatura, métodos de pesquisa,
resultados, discusséo, conclusdes e formatacaicgrdé modo que possam ser submetidos em
um periédico académico de interesse independestéeinais artigos ou baseado nos resultados
parciais de um artigo anterior. Todos os dadoszatibs para elaboracdo desta tese foram
coletados durante o ano 2014, com a colaboracimmdmnarios e colegas estudantes do Nucleo
de Pesquisa em Ecologia do Instituto de Botanic8etaietaria do Meio Ambiente do Estado de
Sdo Paulo durante o desenvolvimento do projeto tld&gd” financiado pela FAPESP,
Fundacdo de Amparo a Pesquisa do Estado de Sam Paulconseguinte, uma secéo intitulada
“Introducdo Geral” apresentara os principais refeias tedéricos e outra chamada “Objetivos”
contera as hipéteses basicas que motivaram e atisam o desenvolvimento da tese. Na
sequéncia, o capitulo 1, intitulado “Diatom assexget (Bacillariophyta) in six tropical
reservoirs from southwest Brazil: species compmsitnd variation patterns” e representa o
original do trabalho que sera submetido a “Actangiogica Brasiliensia”. O capitulo 2 intitula-
se “Variance partitioning of deconstructed tropidatom communities in reservoirs cascade”
conterd o original do trabalho submetido para apcéo na revista “Acta Limnologica
Brasiliensia”. O capitulo 3, “Partitioning patteros freshwater diatoms in tropical reservoirs:
effect of hydrological connectivity” € o originabdrabalho a ser submetido a revista “Journal of
Limnology”. O capitulo 4 intitula-se “Distance dgcas a descriptor of the diatom compositional
variation in tropical reservoirs” e € o original ttabalho aceito para publicacdo em “Marine and
Freshwater Research”. O capitulo 5, intitulado “Y¥éed averaging of species indicator values
in tropical reservoirs: the influence of rare takehness”, € o original do trabalho que sera
submetido a “Biotropica”. O capitulo 6 intitula-s&l'ype analysis of Achnanthidium
minutissimumand A. catenatumand description ofA. tropicocatenatunsp. nov., a common
species (Bacillariophyta) in Brazilian reservoies™ o original de um trabalho j4 aceito para
publicacdo em “Plant Ecology and Evolution”. O ¢alpi 7, “Sellaphora tropicomadidap.
nov., a new freshwater diatom species (Bacillayoghfrom a tropical Brazilian reservoir”, € o

original do trabalho j& aceito para publicacdoewasta “Brazilian Journal of Botany”. Por fim, o
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capitulo 8 é intitulado “Morphology and distributi@f Encyonema angustecapitatimammer
species complex (Bacillariophyceae) with descriptaf four new species from Sdo Paulo,
Southeast Brazil” e é o original do trabalho jaitacgara publicacdo em “Fottea”.

Apbs a apresentacdo dos oito capitulos, uma sagfdada “Conclusdes Gerais” reunira as
principais conclusdes da tese e suas implicacGesgudes de conservacdo das comunidades e

pesquisas futuras.



Introducéo geral

Motivo de grande preocupacao durante as Ultimaadaé; a degradacdo de ecossistemas
aquaticos continentais é apontada como um dos ggapblemas ambientais da atualidade
(Tundisi 2008, Ribeiro 2008). A falta de planejameearbano, principalmente, no que tange a
disposicéo de efluentes e residuos, pode ser @@ontano uma das principais causas da atual
problematica ambiental (Gralhéz & Nogueira 2006ksitn sendo, para especialistas como
Rogerset al. (2006) a crise da 4gua no século XXI € muito ndaiggerenciamento do que de
escassez e estresse. Consequentemente, o graafie pi@s o0 século XXI sera gerenciar a agua
doce para equilibrar as demandas da humanidades eabssistemas, de tal maneira que 0s
altimos possam continuar a prestar outros serdggesnciais ao bem-estar humano (MA 2008).

A eutrofizacéo €, presentemente, um dos mais spraddemas que afeta a qualidade das
aguas costeiras e interiores (lagos, rios, repesgsias subterraneas) (Tundisi 2006). Conforme
Tundisi (2003), a eutrofizacdo resulta do enriqmecito artificial por dois tipos de nutrientes,
fésforo e nitrogénio, que sao despejados de folisspldida ou particulada em lagos, represas e
rios e transformados em particulas organicas erimatéva vegetal pelo metabolismo das
plantas. O referido autor esclareceu ainda a existéde dois processos distintos para o
problema, quais sejam: (1) a eutrofizacédo natgred, resulta da descarga normal de nitrogénio e
fésforo nos sistemas aquaticos; e (2) a eutrofezagéural, que provém dos despejos de esgotos
domésticos e industriais e da descarga de fertthgausados na agricultura que, ordinariamente,
aceleram o enriquecimento das aguas superficaibterraneas.

Até meados do século XX, a eutrofizacao de lageservatorios na Europa e América do
Norte era considerada um problema relacionado aigdm. Atualmente, ela representa um
problema mundial e tem causado a deterioragcdo deasmimnumero de ambientes aquaticos,
prejudicando os usos multiplos da agua (Barteaal. 1999, Rochatal. 2006). A importancia
social e econbmica desses ecossistemas € enornge,ppssuem usos multiplos como
abastecimento, irrigacdo, producéo de energiacgdétecreacao, turismo, transporte e regulacao
de enchentes, entre outros (Tundisi 1999). Apesssod efluentes urbanos, industriais e
agropecudrios sdo constantemente despejados nesssesistemas (Nogueiret al. 2005),
intensificando os processos de degradacéo e, dioupar, da eutrofizacao.

A eutrofizacdo afeta diretamente o componente Hiocdd dos recursos hidricos

aumentando, de modo acentuado, a biomassa de algascrofitas aquaticas, além do
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componente socioecondmico por gerar compostos o®@vsalude na agua potavel (Mehner &
Benndorf 1995, Jdlio-Junicet al. 2005). Este processo resulta também em dano adgdali
ecolégica do ecossistema, podendo levar a perdaiodéversidade e a extingdo de espécies
(Sayer & Roberts 2001, Bennienal. 2011).

No caso de represas, Bicuda al. (1999) comentaram que estas funcionam como
“coletores de eventos” ao interceptarem o fluxoagaa de um rio proporcionando, portanto,
informacé&o fundamental sobre as bacias hidrogifabesde que as represas atuam como centros
de convergéncia das varias atividades desenvola@#scia hidrografica, inclusive de seus usos
e aspectos econdmicos e sociais. Os referidosesubmmentaram, ademais, que a informagao
introduzida no reservatério (entrada de material gmspensao, nutrientes inorganicos e
organicos, poluentes, etc.) interfere nos processasganizacao das comunidades plancténicas,
perifiticas e de peixes, bem como na composicanigaida 4gua e dos sedimentos.

No Brasil, as represas desempenham papel ecol@goodmico e social preponderante.
Deste modo, o estudo integrado de tais ecossistantifisiais, bem como a perspectiva de
manejo dos mesmos tem grande importancia parasdipanry & Nogueira 1999).

As alteracdes ecoldgicas observadas nos resepg@tpoidem ser detectadas a partir do
monitoramento da 4gua e dos sedimentos acumuladjgsn estes superficiais ou depositados
em camadas (Birks & Birks 2006). O monitoramentoagaa acompanhado de métodos de
analises fisicas, quimicas e bioldgicas constitua lbase consistente para a avaliacdo ecologica
do ambiente, pois permitem o conhecimento instaat&das condicdes da agua, ou seja, no
momento em que sdo feitas as medicdes (andlisessfi® quimicas), enquanto que as
informacdes de efeitos prolongados (analises hicddy sdo capazes de refletir estados ndo mais
existentes no momento da verificacao (Lebal. 2002).

Nos sedimentos aquaticos, as informacdes fornecgias de efeitos ainda mais
prolongados, desde que este compartimento constituarquivo de informacdo de natureza
biogeoquimica através das camadas de deposicdo s@oetemporais e se encontram
sequencialmente acumuladas (Mozeto 2004). Por gomde, os sedimentos superficiais
representam uma amostra espacial e temporalmeetgada dos eventos que acumularam no
passado recente, bem como dos organismos provesidatdiversos habitats do ecossistema
(Bennion 1995).

indices para avaliar as condicdes ambientais téorfporado indicadores biolgicos como
peixes, macrdfitas, invertebrados e algas (Beltimgal. 2006). Entre as algas, as diatomaceas
ganham destaque especial, pois apresentam algubstad primordiais, como:1f ampla

distribuicdo geografica;2] algumas espécies sdo muito sensiveis as mudanghentais,
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enquanto outras séo tolerante3) (espondem as mudancas ambientais em curtos @slong
prazos; 4) facilidade de coleta;5] suas valvas encontram-se, em geral, bem preservaah
sedimentos, pois seu envoltério celular constitudo silica polimerizada é resistente a
decomposicao por bactérias, dissolucdo quimica ptunas fisica permitindo sua correta
identificacdo taxondmicap) o material oxidado pode ser preservado e maeti@reparacoes
permanentes, possibilitando seu reexame e intefoaedm outros laboratérios; €7)( é
conhecida uma grande quantidade de informacdo sabexologia de diversas espécies,
especialmente para as regides de clima temperadmi@ 1995, Lobetal. 2002, Smol 2008).

Consequentemente, as diatomaceas s&o utilizada® dmaindicadoras em Varios
programas de gerenciamento por todo o Globo, costagee para 0s paises europeus
(“European Council Water Framework Directive” WHByropean Union 2000), onde se busca
estabelecer metas que possam garantir o bom estaffigico dos corpos d’dgua (Rocha 2012).
Entretanto, apesar do grave problema da eutrofizdg& corpos d’agua no Brasil, ndo existe
ainda um programa nacional de gerenciamento dadqdal de agua, sobretudo que utilize as
diatoméaceas (Rocha 2012).

Segundo Poulickovat al. (2004), estudos utilizando diatomaceas como indiced
ambientais datam do inicio do século XX e foramedeslvidos na Alemanha, quando Kolwitz
& Marsson (1909) desenvolveram um sistema de segw@bpartir das preferéncias ecoldgicas e
das tolerancias de espécies em rios daquele pais.

Atualmente, os estudos tém buscado a respostaodasnitlades de diatomaceas a uma
série de variaveis ambientais como, por exemplaltasacbes de salinidade, pH e nutrientes
organicos e inorganicos (Bellingeral. 2006). Os resultados obtidos das anélises de settimne
(ex. Bennioretal. 2001, Blinn & Bailey 2001, Daltoat al. 2005, Smol 2008, Taukulis & John
2009) vém possibilitando a reconstrugdo do histddia eutrofizagédo, da salinidade, do clima e
da evolucao dos impactos antropogénicos e suasigiias ecoldgicas e socio-econdmicas, além
da elaboracdo de modelos de funcdo de transfer§oeigpermitem estimar, quantitativamente,
as condi¢cdes ambientais passadas através do estsdmmunidades fésseis. Particularmente o
modelo de transferéncia diatomaceas-fosforo pemaggatar os niveis pretéritos de fosforo na
agua, sendo possivel estabelecer niveis de refer@ne possibilitam tracar metas mais reais de
recuperacéao (Benniatal. 2001, Smol 2008).

No Brasil, os trabalhos que utilizam diatomaceasia@derramenta na bioindicacdo se
concentram na regidao sul do pais, onde os ambiéjttegs tém sido alvo de mais pesquisas.
Estudos com tal contexto foram realizados, primgwar Torgan & Aguiar (1974) para o rio

Guaiba, onde as diatomaceas mais frequentes fatianadas com a saprobidade. Outros
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trabalhos enfocaram a avaliacdo do estado troéieoLpbo et al. 2004a, 2004b, 2004c, 2004d,
Salomoniet al. 2006, Loboet al. 2006, Hermanyet al. 2006, Dipontet al. 2007), além de
estudos de comparacédo entre ecossistemas digliafos et al. 2004b, 2004c, 2004d, Hermany
et al. 2006). Porém, apesar do numero significativo deathes, jamais foram realizadas
abordagens enfatizando, especificamente, a inflaé&ie habitat na distribuicdo e bioindicacéo
das diatomaceas.

Para o Estado de Sao Paulo, contribuicdes paraeatabiloticos avaliaram a comunidade
de diatoméaceas e sua associagdo com as variavéiengas do rio Monjolinho e seus
tributérios (Souza 2002, Bere & Tundisi 2011a, H)1Especificamente para represas, Silva
(2008) analisou a distribuicdo das diatomaceaseédsnentos superficiais e sua associacdo com
os niveis de fésforo dos reservatérios em casaatiodParanapanema (reservatorios Capivara,
Chavantes, Jurumirim, Rosana e Salto Grande);rarf-€2010) avaliou a estrutura e a dinamica
das diatomaceas planctonicas e perifiticas em vaseios oligotréfico e hipereutréfico do
Parque Estadual das Fontes do Ipiranga, na cidadgdd Paulo. Aléem destes, pesquisas que
visaram a reconstrucdo paleolimnoldgica da repfegarapiranga e ao diagnéstico atual da
gualidade da agua e dos sedimentos de manantissg® na RMSP, Regido Metropolitana de
Séo Paulo vém sendo realizados e estdo vinculades projeto mais amplo cognominado
AcquaSed. Entre esses, estudos avaliando a bistlade e a distribuicdo das diatomaceas do
plancton e dos sedimentos superficiais foram raadiz por Wengrat (2011) em ambiente sob
grande interferéncia antropogénica (complexo Rjfin Silva (2012) nas represas Pedro Beicht e
Cachoeira da Graca (sistema Alto Cotia) e Nascin€p012) para represa Jaguari-Jacarei
(sistema Cantareira). Este ultimo é consideradaeartdsreferéncia em termos de qualidade da
agua. Ainda, Rocha (2012) avaliou a biodiversidada distribuicdo das diatomaceas em
diferentes habitats (perifitico, plancténico e seghitos superficiais) de seis reservatorios com
estados troficos distintos na sub-bacia do Altoligté. Ha também duas publicacdes de estudos
eminentemente paleolimnoldgicos, quais sejam, wa#agdo do historico da eutrofizacdo de
uma represa urbana rasa hipertréfica (Lago dasaGaBio Paulo) com base na bioestratigrafia
das diatomaceas nos ultimos 100 anos (Costa-Boddede 2012) e o histérico da eutrofizagcdo
da represa Guarapiranga, a segunda represa maigame para abastecimento publico de agua
de S&o Paulo (Fontaeaal.2013).

O presente estudo integra informacéo fisica, q@mibiolégica da dgua e dos sedimentos
superficiais (recentes) e fornece dados sobre @eenibgia das diatomaceas de reservatorios
tropicais e, mais especificamente, de cinco res@nea da bacia Ribeira do Iguape e Litoral Sul

(reservatorios Jurupara, Cachoeira do Franca, réerr@achoeira da Fumaca e Salto do
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Iporanga) e um pertencente a bacia do Alto riorRgranema (reservatério Paineiras). O projeto
estd inserido em outro maior, interdisciplinartithdo “Reconstrucdo paleolimnoldgica da
represa Guarapiranga e diagndéstico da qualidadé dduagua e dos sedimentos de mananciais
da RMSP com vistas ao gerenciamento do abasteamehtquaSed”

Finalmente, o trabalho inclui o uso das diatomaceasdiferentes compartimentos
(plancton e sedimentos superficiais) na avaliagiawhlidade ecologica de seis reservatorios
(Paineiras, Jurupara, Cachoeira do Franca, Ser@aiehoeira da Fumaca, Serraria e Salto do
Iporanga), além de contribuir para o conhecimerdobtbdiversidade e da autoecologia de
diatomaceas de regifes tropicais e, principalmetds, areas de mananciais da RMSP ou
proximas a estas; além disso, subsidiara o propetor fornecendo informacédo autoecoldgica
com vistas a elaboracdo de um banco de dados akgiobre as diatomaceas da RMSP e a

futura aplicacdo em um modelo de funcao de tra@isééa diatomaceas-fésforo.
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Objetivos

Objetivo geral

Avaliar a biodiversidade e a organizacdo espacidkraporal das diatoméceas em
diferentes compartimentos (planctébnico e sedimergoperficiais) de seis reservatorios
(Paineiras, Jurupara, Cachoeira do Franca, Serfaaighoeira da Fumaca e Salto do Iporanga),
visando a contribuir para a caracterizacao da dpadi ecoldgica desses sistemas, a avaliacdo do
potencial dessas comunidades na bioindicacdo e g@liagdo do conhecimento sobre a
autoecologia de diatomaceas de represas tropicais.

Objetivos especificos

v' Conhecer a biodiversidade de diatomaceas plane®mcdos sedimentos superficiais de
seis reservatoérios das bacias do Ribeira do Igeaporal Sul (Jurupara, Cachoeira do
Franca, Serraria, Cachoeira da Fumaca e Saltoatariga) e do Alto rio Paranapanema
(Paineiras).

v Analisar a distribuicdo da comunidade de diatonscem escala espacial (intra e
interrepresas) e temporal (periodos inverno e yerao

v' Avaliar os fatores direcionadores e reguladoresrdanizacao estrutural das comunidades
de diatomaceas.

v/ Avaliar as associacdoes de espécies de diatomaceagpassam ser entendidas como
indicadoras de eutrofizacao.

v Avaliar a qualidade ecol6gica das represas em&elap estado trofico de cada uma,

considerando os compartimentos da agua e os sddsrgrperficiais.
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Abstract

Abstract: Aim: Relationships between species composition anétiami patterns in diatom
assemblages over six tropical reservoirs locate8antheast Brazil were exploredethods:
Surface-sediment and phytoplankton diatom assemblagere determined and Canonical
Correspondence Analysis was used to verify th@fsehvironmental variables that best explain
the species composition variation among siResults: A total of 29 diatom taxa representing
20 genera were identified using light and scanrelegtron microscopy. Information on their
ecological preferences was also providddmidophilabiscutellais reported for the first time in
Brazil whereasSellaphora sassianandHumidophila brekkaensiare reported for the first time
in S8o Paulo State. Three groups of potential wagdetity indicators were delineated: the first
suggests oligotrophic conditions, the second iateel to cold waters with low luminosity in a
mixing regime, and the third is a small group détant species occurring in water with high
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conductivity, pH and total phosphorus conditioBsnclusion: present study provided the first
insight into the general diatom communities ova&rtsdpical reservoirs in Southeast Brazil and

provided information on their ecology and distribataiming bioassessment.

Keywords: bioassessment; diatoms; multivariate analysesPaatn

Resumo: Objetivo: As relacdes entre composicdo de espécies e padedgariacdo nas
comunidades de diatomaceas foram exploradas enresas/atorios tropicais localizados no
sudeste do BrasiMétodos: Diatoméaceas fitoplanctbnicas e de sedimentos Bcipes foram
determinadas e a Analise de Correspondéncia Canéwiictilizada para identificar o conjunto
de variaveis ambientais que melhor explica a vadaga composicdo das espécies entre as
unidades amostraiResultados:O total de 29 taxons de diatomaceas represen2d@neros
foi identificado utilizando microscopia de luz estebnica de varredura; e foram fornecidas
informacOes sobre suas preferéncias ecolégiemsnidophila biscutella € reportada pela
primeira vez no Brasil 8ellaphora sassiana Humidophila brekkaensi®ram registradas pela
primeira vez no Estado de Sao Paulo. Foram delosettés grupos de potenciais indicadores da
qualidade da &4gua que sugerem condi¢des oligasifiegguas com baixa luminosidade e em
regime de mistura além de um pequeno grupo de iespi@terantes ocorrentes em aguas com
elevada condutividade, pH e total fésforo to@hnclusdo: O presente estudo forneceu uma
primeira visdo sobre as comunidades de diatomaaageral de seis reservatorios tropicais do
sudeste do Brasil e providenciou informacao sobeeesologia e distribuicdo, contribuindo para

o conhecimento das diatomaceas tropicais com &ibtaavaliacéo.

Palavras-chave:andlise multivariada; bioindicacao; diatomaceads; Baulo
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Introduction

Currently, diatoms are routinely used in environtakstatus assessment, because of their
importance in food webs and biochemical linkaged duoe to their sensitivity to physical,
chemical and biological disturbances (Stenger-Ketal., 2007; Bolla et al., 2010; Chételat et
al., 2010; Kireta et al., 2012; B-Béres et al., £0Diatoms respond predictably to many water
chemistry variables besides having a relativelyl wabwn ecology (Soininen et al., 2007).
Factors such as the choice of sampling site, thttads for preparing and processing the sample
and identifying the taxa can be crucial to the sssent results (Besse-Lototskaya et al., 2006)
as their use as environmental indicators requiigds taxonomic precision (Birks, 1994).

The composition of diatom communities reflects amire complex of ecological
parameters at a particular site (van Dam et a@4;1Resende et al., 2005). In this sense, floristic
surveys support not only applied research projettsh as water quality monitoring, but also a
wide range of basic research issues from taxoneevsions and monographs, phylogenetic
reconstruction, biogeographical studies, as welleeslogical, physiological, restoration and
conservation biology research programs (Kociol€&).

Although some floristic diatom surveys have beemlighed in Brazil (e.g. Ferrari &
Ludwig, 2007; Cavalcante et al., 2014; da Silvalget2016), they are mostly concentrated in the
South and Southwest regions of the country (e.gursl&: Bittencourt-Oliveira, 2004; Bertolli et
al., 2010; Faria et al., 2010; Souza-Mosimann.eR8ll1; Bes et al., 2012; Bartozek et al., 2013;
Nardelli et al., 2014; Marra et al., 2016). Spesifiy for Sdo Paulo state, studies are mainly a
result of the Biota-FAPESP, an important projectttaims to identify the local phycological
flora (e.g. Carneiro & Bicudo, 2007; Rocha & Bicud2008; Marquardt & Bicudo, 2014,
Wengrat et al., 2015).

In addition, ecological (e.g. Wengrat & Bicudo, 201Bicudo et al., 2016) and
paleolimnological (e.g. Costa-Boddeker et al., 2Hénhtana et al., 2014; Faustino et al., 2016)
surveys are also available under the Acqua-Sec&r@Base line diagnosis and reconstruction
of anthropogenic impacts in the Guarapiranga Reserfocusing on the sustainability in water
supply and water quality management in reservdirth® Alto Tieté and surrounding basins),
providing a huge contribution to the knowledge raptcal diatom aiming bioassessment. This
project has also led to the development of a rafigaxonomic surveys (e.g. Alimeida & Bicudo,
2014; Almeida et al., 2015, 2016; Marquardt et2016; Wengrat et al., 2016). However, there
are still considerable sample gaps in the stateshich the size and diversity of habitats can be

considered one of the reasons for the large nuofoarexplored areas.
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The aim of this study was to provide the first gidiinto the general diatom assemblages
over the six tropical reservoirs in Southwest Brhyiinvestigating their species composition as

well as distribution and ecological tendencies.

Material and Methods

Study area

Reservoirs studied are located at two differeninsam southwestern Sdo Paulo: Ribeira
do Iguape/Litoral Sul and Alto Paranapanema. Theservoirs (Cachoeira do Franca, Cachoeira
da Fumaca and Serraria) are connected with the satex course (Juquia river), whereas the
other three (Jurupara, Salto do Iporanga and RaB)eare located in three different rivers (Rio
dos Peixes, Assungui and Turvo river, respectivéiigure 1). Mean elevation range varied
from 17 to 996 m a.s.l. All study sites were lodaite well preserved areas, most of them located
in areas of the PEJU State Park (Parque Estadualudgpard). Presently, reservoirs were
classified mostly oligotrophic to mesotrophic (Laamnglli, 2004) with no obvious signs of human
impact. The area protects a representative Atldotiest area of the Atlantic Plateau Paulista,
which were recorded 77 species of fauna and flan@ently endangered and 182 endemic
species besides more than 300 new species rec@ts, (2010). However, the diatom flora is

virtually unknown in this area.
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Figure 1. Study area and sampling sites.

Sampling

The sampling covered two distinct habitats (plankend surface sediment) from 20
sampling sites distributed along the reservoirsinduraustral summer and winter in 2014.
Plankton samples were obtained with Van Dorn watenpler along a vertical profile of the
reservoirs. Surface sediment was taken with a graere (UWITEC) and the top 2 cm sections
were saved for analyses.

Environmental parameters (temperature (°C), pH @mtuctivity) were measured in the
field using a multiparameter probe (Horiba U-53) &he analytical procedure for dissolved
oxygen, ammonium, nitrate, soluble reactive silittdal nitrogen and total phosphorus, free
carbon dioxide and bicarbonate ions followed Stashddethods (APHA, 2005). Chlorophyll-a,
corrected for phaeophytin, was measured using 90%nel (Sartory & Grobbelaar, 1984)
(Table 1). The Trophic State Index (TSI) was calted according to Lamparelli (2004).

Table 1. Means and standard deviation of abiotic varialikethe six studied reservoir$he

other variables were eliminated because of coltineaAbbreviations: Sec (Secchi depth), pH,
Cond (Conductivity), TN (Total nitrogen), TP (Totathosphorus), SRS (Soluble reactive silica),
Chlo (Chlorophyll-a), TSI (Trophic State Index). KBachoeira do Franca), FU (Cachoeira da
Fumaca), SE (Serraria), JP (Jurupard), S| (Salttpd@nga), Pl (Paineiras). Numbers refer to

sample units.

Sec pH Cond TN TP SRS Chlo TSI (Anual Mean)
FR1 1.7485 7.3:t0.9 24.840.7 151.8+162.9 5.5+2.2 4+2.3 5.4+4.8 Oligotrophic
FR2 1.940.2 7.311.3 24.840.75 191.1445 10.04¢7.5 92132  4.12+2 Oligotrophic
FR3 1.74¢0.005 7.9+0.6 23.5+2.1 231.2421.2 6.6+3.7.3+24 20.2+26.5 Oligotrophic
FR4 1.7+0.1 8.6£0.6 24.5#3.5 280.0+153.7 6.8+2.5 2+2.3 22.8+29.7 Oligotrophic
FU1 2.6+1.7 6.5+0 26.5+0.7 228.6+13.7 5.1+1.6 2.5%1 +0.7 Ultraoligotrophic
FU2 2.8%1.5 6.8£0.7 26.0£#2.8 176.5+66.1 8.4+2.1 2.4+1 .4+43.1 Oligotrophic
FU3 2.1+0.3 6.6£0.4 26.0£+1.4 180.1+71.7 5.8+2.7 2.3+1 .3+33 Oligotrophic
SE1 4.0£1.8 7.4+1.1 21.049.9 180.3+64.1 8.1+2.9 4.4+1.21.8+0.7 Oligotrophic
SE2 3.7#1.4 7.3:t0.6 25.042.8  174.7+80 8.0+1.5 3.9+15 .6+3.2 Oligotrophic
SE3 4.2+1.4 6.6£0.2 28.5+2.1 216.0+147.7 8.5#3.7 3.6+l. 7.6+0.7 Oligotrophic
JP1 1.5+0.8 6.4+1.3 24.0+2.8 464.3%89.4  19.5+4.29+(R3 16.8+1.8  Mesotrophic
JP2  1.9+04 6.6+0.1 23.5¥3.5 351.4+201.4 16.6x0338+0.3 10.1+0.7  Mesotrophic
JP3  2.2+0.2 6.6+0.1 24.0+2.8  453.3x8.2 13.5+0.77+R3 7.1%1.2 Mesotrophic
JP4  2.1+04 6.8+0.2 23.5#3.5 434.1+103.8 13.3+x1394+0.32 6.6+3.7 Oligotrophic
SI1  1.5+0.2 8.0£2.1 50.049.9 415.9+143.2 32.1+35.1+1.6 36.7+37.6  Mesotrophic
SI2  1.9+04 7.8+2 435+7.8 315.9428.4 23.1+15 2.9 17.4+15.3 Mesotrophic
SI3  1.7+0.6 7.942.1 43.0+11.3 304.4422.4  25.6+3481+15 36.8+44 Mesotrophic
PI1  0.7+0.7 6.740.4 39.0+#2.8 310.8+119.3 20.3+0486+0.4 9.845.7 Mesotrophic
PI2  1.3+#0.5 6.9+0.6 38.5+2.1 258.4+258.4 16.2+04.6+0.8 6.9+2.7 Mesotrophic
PI3  1.3+#0.3 7.1+0.5 38.0+2.8 289.4+218.8 16.3+2 5+@.8 4.8+3.1 Oligotrophic
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Slide preparation and counting

Diatom samples were processed by hot digestiorgusidrogen peroxide @D,) and HCI
(37%). Through a series of dilutions, the peroxashel acid were removed. Subsequently, the
samples were dried onto cover glass and mountaddaphrax™ (R.l. = 1.74) according to
Battarbee (1986) and examined with a Zeiss AxiogenaA2 light microscope (LM) equipped
with DIC and a digital camera model AxioCamMR5. Skivages were taken in three different
research centers: Luxembourg Institute of SciemceTachnology (LIST), Universidade Federal
do Parana (UFPR) and Instituto de Botanica de SdaaloP(IBt). For scanning electron
microscope (SEM) observations the cleaned samptee Witered with additional deionized
water through a 34m isopore polycarbonate membrane filter (Merck iddte). Filter was
mounted on aluminium stubs and coated with platimsing a Modular High Vacuum Coating
System BAL-TEC MED 020 (BAL-TEC AG, Balzers, Lieelmstein). An ultrahigh-resolution
analytical field emission (FE) scanning electroncnoscope Hitachi SU-70 (Hitachi High-
Technologies Corporation, Japan) operated at 5nd/1® mm working distance was used for
the analysis. SEM images were taken using the |¢®#€fL) and upper (SE-U) detector signal at
the LIST. Also, a subsample of the oxidized matemas placed on aluminum stubs and coated
with gold at 1 kV for 5 min in a Balzers Sputteri8®C030 sputter coater and SEM
observations were made with a JEOL JSM 6360LV, atpdrat 15 kV at 8 mm distance at the
UFPR as well with a Phillips 20XL operated at 10 &Wthe IBt. Micrographs were digitally
manipulated and plates containing light and scaneiectron microscopy images were created
using CorelDraw X7. Morphometric information is pited for all taxa (D: diameter (um); L:
length (um); W: width (um); SH: semi cell heightnfy S: striae in 10 um; A: areolae in 10
pm).

Taxonomy and nomenclature followed classic works @&w publications (e.g., Krammer,
2000; Metzeltin et al., 2005; Lange-Bertalot et 2011) and the on-line catalogue of valid
names (California Academy of Sciences, 2011). Tlhsesdication systems followed Medlin &
Kaczmarska (2004) for supra-ordinal taxa and Raairad. (1990) for subordinal taxa, except for
genera published subsequently to this work. To aaictor the species distribution in Brazil and
the state of S&o Paulo, literature with illustratior sufficient taxonomic description of the
species was considered.

Diatom quantification was made at 1000x magnifaatiusing a Zeiss Axioskop 2
microscope. At least 400 valves were counted pee gBattarbee, 1986) with a minimum
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sampling efficiency of 90% (Pappas & Stoermer, )9%pecies abundances were calculated
expressed as a percentage of the total diatomsauetch sample.

All slides used for diatom identification and enuat®n were deposited at the “Herbario
Cientifico do Estado Maria Eneyda P. Kauffmann Ejda(SP), Sdo Paulo State Department of

Environment, Brazil.

Statistical analysis

We used the unimodal-based method based on Detr€mteespondence Analysis (DCA)
by checking the length of the first DCA axis (lemgdf gradient 2.5) (Birks, 2010). Final
ordination was based on a canonical correspondanalysis (CCA) with stepwise function
selection to obtain a subset of explanatory vagidtim the set of all variables available for the
constrained ordination. We further performed a PERMVA two-way for two different
groups: i) reservoirs and ii) habitats (surfacarsedt and phytoplankton for both seasons).

We downweighted our data of rare species by applyn2% cut off on the relative
abundance and eliminated those taxa occurring sa than two samples because individual
samples with rare species may distort the restiltsecanalyses (Birks, 2010). Also, much of the
observed species were rare and composed singletahksng the species richness very high and
hinder the taxonomic identification. The environnavariables were standardized and species
abundances were Hellinger-transformed. Hellingstatgice is the recommended measure for
clustering or ordinating species abundance datgghdére & Gallagher, 2001). Diatom names
were coded according to the OMNIDIA software (Leteiet al., 1993).

Ordination techniques were performed in software. B.0.2 (R Core Team, 2014) with

the vegan package (Oksanen et al., 2016).

Results

Taxonomy
A total of 29 species of diatoms belonging to 20aya were identified for the planktonic
and surface sediment communities of the six samq@servoirs. The identification was carried
out to species level in 26 cases and to genus iev&kases. Morphometric data for the studied
diatom species are presented in Table 2 and #iestrin Figures 4-135-Humidophila cf.
biscutellais reported for the first time in Brazil (Tabledreceded by an asterisk **$ellaphora

sassianaMetzeltin & Lange-Bertalot) C.E.Wetzel aftlmidophila brekkaensigl.B.Petersen)

23



R.L.Lowe et al. were reported for the first time $&o Paulo State (Table 1, preceded by an

asterisk *).

Table 2. List of diatom taxa identified from the reservoi(s2% relative abundance).

Morphometric and meristic limits and ecology ac@ogdto the literature. D: diameter (um); L:

length (um); W: width (um); SH: semi cell heightf)y S: striae in 10 um; A: areolae in 10 um;

LN: lineolae in 10 pum.

Taxon Figures Code Metric (um) &
meristic
(in 10 pm) limits

AULACOSEIRACEAE

Aulacoseira ambiguéGrunow) Simonsen 364-37, 109 AAMB SH: 12.7-1D45 .4-
5.5; A: 14-16

A. granulatavar. angustissimgO.Mdller) Simonsen 38-39, 108 AUGA SH: 16.6-187 2.8-3;
S: 16

A. granulata(Ehrenberg) Simonsen varanulata 34-35 AUGR SH: 18.4-20,3; D: 7.3-
7.6; A: 12

A. pusilla(F.Meister) Tuji & Houki 4-8, 105-106 AUPU SH:3.3;D:5.2-6.1

A. tenella(Nygaard) Simonsen 9-12,100-101, AUTL SH: 2-2.6; D: 6.6-6.9

103-104

STEPHANODISCACEAE

Cyclotellacf. meneghinian&tzing 17-21 CMEN D: 6.9-13.2; S: 14

Cyclotellasp. 30-33 CYCsp D: 14-17.3; S: 11-15; A:
32

Discostella stelligerdCleve & Grunow) Houk & Klee 13-16, 97-98 DSTEL 1 D2-11.7; S: 12

Spicaticribra kingstonid.R.Johansen, Kociolek & R.L.Lowe  22-26, 99,102 SKIN D: 8.1-16.2

MELOSIRACEAE

Melosira variansC.Agardh 27-29 MVAR SH: 12.7-13.7; D: 21.1

FRAGILARIACEAE

Fragilaria billingsii Wengrat, C.E.Wetzel & E.Morales 40-42 FRsp2 L: 8&227 ; W: 2.5-
2.7;S:21

F. fusa(R.M.Patrick) Wengrat, C.E.Wetzel & E.Morales 43-44 FRsp L: 78.8-87.1; W: 2.8-3;
S:17-18

F. longifusiformis(Hains & Sebring) Siver et al. 45-47, 110 FLONG 58:1-90.6; W: 2.5-2.7;
S: 35

Staurosira construernhrenberg 54-56, 122 SCON L: 18-19.1; W: 9.7-10.7;
S: 14-16

ACHNANTHIDIACEAE

Achnanthidium tropicocatenatumMarquardt, C.E.Wetzel & 62-64, 117-119 ACsp L:17.7-18.2; W: 2.7; 3.1;

Ector S: 38; A: 50

*Achnanthidiumsp. 57-61, 113-116 ACsp2 L: 12-17.5; W: 3.1-3.5;
S:32;A:50

Cocconeis cf. lineatéEhrenberg) Van Heruck 52-53, 120 CPLAA L: 29.7-35.2; W: 15.4-
15.9; S: 16

EUNOTIACEAE

Eunotia waimiriorumC.E.Wetzel 48-51, 121 EWAI L: 16.7-36.2; W: 1.5-2.2;
S: 20

CYMBELLACEAE

Encyonema neomesianinammer 90-93, 132 ENNE L: 36.9-30; W: 7.9-8.4;
S:11-13; A: 32

Encyonemasp. 87-89, 130-131 ENSsp L: 19.8-20.9; W: 5.3-4.7;
S:10-12; A: 40

Encyonopsis subminut&rammer & E.Reichardt 84-86, 126 ESUM L: 20.1-22.5; W: 4; S:
25-26; A: 40

GOMPHONEMATACEAE

Geissleria punctifergHustedt) Metzeltin et al. 76-77, 127 GPTF L: 20682; W: 6.2-6.6;
S: 16-18

Gomphonema naviculoid&¥.Smith 94-96 GONAV L: 41.7-43.1; W: 7.9-8.2;
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S: 14-15

*Humidophila brekkaensi€).B.Petersen) R.L.Lowe et al. 111-112 HBRE L-B682; W: 3.1-3.3;
S: 34-35
H. biscustellg(Gerd Moser et al.) Lowe et. al. 65-69, 107 HUCO L:11.3-11.7; W: 2.4-2.7,;
S: 44
BRACHYSIRACEAE
Brachysira microcephaléGrunow) Compére 73-75, 123 BMIC L: 24.1-26.8; 5\1-5.3;
S: 37; A: 30
AMPHIPLEURACEAE
Frustulia crassinervigBrébisson ex Smith) Lange-Bertalot & 70-72, 125, 128 FRCS L: 45.9-48; W: 9.9-10.1;
Krammer S: 34; A: 36
Navicula nothal.H.Wallace 78-79, 129 NNOT L: 27.4-33.1; W: 5.%:
S:10; LN: 24
SELLAPHORACEAE
*Sellaphora sassianéMetzeltin & Lange-Bertalot) C.E.Wetzel 80-83, 124 NDSA L: 14-14.5; W: 4.6-4.7;
S: 14-20; A: 35

Only three speciedDfscostella stelligergCleve & Grunow) Houk & KlegAulacoseira
tenella (Nygaard) Simonseand Spicaticribra kingstoniiJ.R.Johansen, Kociolek & R.L.Lowe

were considered dominant (>50% in relative abunep(feigures 2 A, B and C).
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Figure 2. Distribution in sampleand relative abundance of diatoms from Cachoeir&rdoca
(FR), Cachoeira da Fumaca (FU), Jurupara (JP),elPa (Pl), Salto do Iporanga (SI) and
Serraria (SE) reservoirgA) Phytoplankton (Summer)B) Phytoplankton (Winter) angC)

Surface Sediment.

Canonical correspondence analysis

The CCA biplot with the selected variables aresiitated in Figure ZERMANOVA two-
way analysis showed significant among-group difiees both among reservoirs and habitats (Pr
(>F) <0.001).

The stepwise selection of environmental variabktgined six significant variables, in
decreasing importance, which influenced diatonrithgtion: TP, conductivity, pH, SSR, Secchi
and TN. The variables account for about 36% ofltindogical variation in the first two CCA
axes. The intraset correlations indicated that HB eonductivity were the most significant
contributors to axis 1 whereas pH and Secchi weartost significant contributors to axis 2.

There was a trend in the separation of the sitesrdmg to the hydrological connectivity
between the rivers of the systems (Figure 3A) deddrdination plot distinguished four main
groups: the first group was represented by reserVocated at the same watercourse (Cachoeira
do Franca, Serraria and Cachoeria da Fumaca ras@ridis group had the highest abundances
of Spicaticribra kingstonji Staurosira construeng&hrenberg Cyclotella cf. meneghiniana
Kitzing, Discostella stelligeraBrachysira microcephalgdGrunow) CompéreGomphonema
naviculoides W.Smith, Achnanthidium tropicocatenaturMarquardt, C.E.Wetzel & Ector,
Encyonemasp., Fragilaria billingsii Wengrat, C.E.Wetzel & E. MoraleEunotia waimiriorum
C.E.Wetzel andAulacoseira tenellacorrelated to the Secchi vector, to the planktonnduthe
summer and to the surface sediment habitats.
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Figure 3. CCA ordination biplots of the Cachoeira do Frar€R)( Cachoeira da Fuma
(FU), Juruparéa (JP), Paineiras (PI), Salto do lpgaa(Sl) and Serraria (SE) reservoirs (A)
phytoplankton (summer and winter) and surface senir(B).

The second group w composed of the Salto do Iporanga reservoir andceagsd
especially with the highest values of conductiviti®, pH and soluble reactive silica (SR
Regardless of the habitat, the most correlatediespdan this group were the benthic on
Achnanthiagum sp. Cocconeiscf. lineata (Ehrenberg) Van Heruc Humidophila brekkaens, H.
cf. biscutella (Gerd Moser, Lan-Bertalot & Metzeltin) Lowe, Kociolek, Johansen, Vd&
Vijver, Lang+Bertalot & Kopalova, 201, Navicula nothaJ.H.Wallace Melosira variars
C.Agardl andGeissleria punctiferi{Hustedt) Metzeltin, Lan¢-Bertalot & Garci-Rodriguez

Finally, the third group featured in the biplot s@ied mainly of the Jurupara &
Paineiras reservoirs, which were correlated to tibt@l nitrogen (NT) vectc and lowes
conductivity and Secchi values. The associated ispein this group wereCyclotella cf.
meneghinian, Aulacoseira ambigui(Grunow) Simonse A. granulata(Ehrenberg) Simonse
A. pusilla (F.Meister) Tuji & Houki A. granulatavar. angustissim (O.Mdller) Simonsel
Sellaphora sassial, Encyonopsis submint Krammer & E.Reicharc Encyonem:
neomesianu Krammer Fragilaria longifusiformis(Hains & Sebring) Siver et ¢ Fragilaria
fusa(R.M.Patrick) Wengrat, C.E.Wetzel & E.Morales eFrustulia crassinervie(Brébisson e;
Smith) Lang-Bertalot & Krammer. These species are known foir ghianktonic habit and the
showed the greatest relative abundance during theervin which the water column is in
mixing regimen
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Discussion

Studies about limnological characteristics for thteidied region are extremely rare,
especially those considering seasonal and spafiaénce. Most of them are restricted to reports
on water sources that focus on the characterizatidhe conservation unit (CETEC, 2000) and
to the PEJU Management Plan (Fundacao Florestéistirdo de Sao Paulo), which covers the
water sources inserted in the Park area. Amongrathieere are some studies regarding the
surface water quality (Cetesb, Companhia AmbieDtalEstado De S&o Paulo) besides reports
organized by the Companhia Brasileira de Alumi@BA), which operates in eight plants in the
Ribeira de Iguape basins. Concerning the Paine&sarvoir, only one survey was found: an
unpublished doctoral dissertation whose theme asatthaptation of the fish assembly index in
reservoirs along the Turvo river (SP) (Ferreiral DO

The currently measured limnological characteristifsthe reservoirs indicate that the
systems are under relatively protected conditian) low anthropogenic impact, promoted by
their insertion in the PEJU reserve. The low cobedions of nutrients in their dissolved forms
as well as the values of TN and TP measured insthidy are characteristic of oligotrophic and
mesotrophic environments (Tundisi, 2006; Vercell&adBicudo, 2006). However, despite the
nutrients played an important role in diatom comityuwariation, the hydrological connectivity
role should not be neglected.

According to the currently calculated TSI, the rgses in the same watercourse included
in the first group showed a better water qualitjtréoligotrophic and oligotrophic) when
compared to the second and third groups (mostlyotreshic) (Table 1). However, it is
important to note that there was not a large toghadient in the study area, and these eutrophic
sites are probably a result of the system anthnopicagement during the sampling period.

Regarding ecological preference trends of speoigstesults agree with those found in the
literature, with most of the species having begored in Brazilian reservoirs and oligotrophic
environments. Occurring on Cachoeira do Francah@sa da Fumacga and Serraria reservoirs
(first group),Achnanthidium tropicocatenatuhas been found in alkaline waters of good quality
and with low electrolyte content (Marquardt et @017). Because of the wide morphological
variation, theSpicaticribra kingstoniispecies complex might be a species flock (Tujalet
2012). Also, S. rudis is frequently reported to the Brazilian southesmutheastern and
northeastern regions, found in high temperatureslaw conductivity waters (Ludwig et al.,
2008); this species occurred in the Paraitinga tna@glic reservoir (Rocha, 2012), and it was
abundant in the ultra-oligotrophic Jaguari resarn{diascimento, 2012) as well those located
along the Paranapanema river (Fontana & Bicudo,9R08Iso, Staurosira construenss
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considered an alkaliphilous and meso-eutrapheatiori(van Dam et al., 1994; Morales, 2006),
registered in the plankton and periphyton in rivean the Southern regions of Brazil (e.g.
Flores et al., 1999; Landucci & Ludwig, 2005) besican oligotrophic reservoir in Sdo Paulo
State (Barbosa, 2012). A further species relatedhéo first group,Discostella stelligerais
considered tolerant to the nutrient enrichment €8t@r, 1978). In Brazilian reservoirs, the
species was recorded by Faustino et al. (2018)@nQuarapiranga reservoir in mesotrophic to
super-eutrophic conditions in 37% of samples. Resardies have suggests that this taxon is
part of a key group of diatoms that are frequerdbyminant members of phytoplankton
communities in low- to moderate-productivity lakee®l that processes that alter light availability
(such as water clarity and water column stabilitgdl nutrient concentrations are likely to play a
major role in controlling the growth of small cantdiatoms in Arctic lakes (Saros & Anderson,
2015). In additionGomphonema naviculoidés particularly prevalent in the Tropics and also
North America. has been So far the species has mkmtiified asG. gracile Ehrenberg
(Reichardt, 2015). Accordin go the latest revisodrthe complex aroun@omphonema gracile
the species tolerates low salt concentrations (fRedtt, 2015).Aulacoseira tenellatypically
associated with oligotrophic and oligo-mesotroptaservoirs (Bicudo et al., 2016) have been
recorded in Brazil in lotic ecosystems (Landuccil&dwig, 2005), with low conductivity
reservoirs (Raupp et al., 2006; Eskinazi-Leca e8l10; Silva et al., 2010; Nascimento, 2012),
as well as in acidophilic (Camburn & Charles, 2088y oligotrophic environments (Siver &
Kling, 1997). Fragilaria billingsii is commonly found in S&o Paulo State reservoiveld in
slightly acidic waters with moderate to high nuttienrichment (Wengrat et al., 2016). Finally,
Eunotia waimiriorumis a common colonial planktonic diatom from oligigghic pristine rivers
and streams in the Amazon hydrographical basinZ&/et al., 2010).

Among the diatoms related to the Salto do Iporaegarvoir (second groupavicula
nothais considered as a cosmopolitan species, presesltgotrophic environments, with low
conductivity, slightly acid to near neutral (LanBertalot, 2001).Geissleria punctiferavas
considered tolerant to the pollution conditionsrimers and streams in Maringa (Parana State,
Brazil) and was amabundantperiphytic diatom in three streams with differenttraopic
influences (Moresco et al.,, 2011). Centric diatoass Melosira varians prefer low light
availability conditions. This species is frequemtdaabundant in environments with vertical
column mixing water (Reynolds et al., 2002) andehavhigh nutrient requirements and high

disturbance tolerance (B-Béres et al., 2014).
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Humidophila brekkaensis reported for the first time in Sdo Paulo Staté had strong
correlation to the pH and conductivity vectors.sTepecies was registered in lotic environments
from southern Brazil (Oliveira et al., 2002).

Mostly taxa correlated to the Jurupard and Paiseieservoirs (third group) were
‘araphid’ and ‘centric’ ones. Our studies corrolterBicudo et al. (2016) in an ecological study
focused onAulacoseirafrom Sao Paulo State. In this study, species aglulacoseira
ambiguaand A. granulatawere also associated to the water mixing and gt Iconditions
(Houk, 2003; Taylor et al., 2007) showing higheumdblances in colder (winter), slightly acid
waters In the same wayA. granulatavar. angustissimavas associated to environments with
higher concentrations of TN. The arapRkidongifusiformiss distributed in freshwater localities
in at least two continents from the northern heimésp, including ponds, lakes, reservoirs and
rivers over a wide range of trophic conditions (kles & Manoylov, 2006). In USA, the taxa
was lacking from the most acidic habitats in batgions and it was most often observed in
relatively dilute waters with a specific condudyvbelow 200uS cmi* (Morales & Manoylov,
2006). Finally, Frustulia crassinervia considered a species that occurs in oligotrophic
environments (van Dam et al., 1994) is a charatienmember of phytobenthos in acid, peaty
waters (such aSphagnumbogs), and many ephemeral habitats (Krammer & eaBgrtalot,
1986; Round et al., 1990; Vesela et al., 20ERAcyonema neomesianuwidely reported in Sao
Paulo State (Marquardt & Bicudo, 2014) is considaxaoligotrophic taxon, with an optimum

in alkaline waters (Moro & Firstenberger, 1997).

Conclusions

This study provided new information on the ecolagy distribution of tropical diatoms.
Three potential water quality indicator diatom gseuwere outlined, which indicated
oligotrophic conditions, water mixing with low liglconditions and species with higher nutrient
requirements, occurring in higher conductivity god waters, in agreement with those reported
in the literature. We reinforce the PEJU importafuzehe ecological quality maintenance of the

reservoirs and reference conditions for the MetlitggoRegion of S&o Paulo water sources.
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Figures 4-53. Diatom assemblages (Bacillariophyta) in six trapiceservoirs (Sdo Paulo,
Brazil). LM views. 4-8. Aulacoseira pusilla 9-12. Aulacoseira tenella 13-16. Discostella
stelligera 17-21.Cyclotellacf. meneghiniana22-26.Spicaticribra kingstonii 27-29.Melosira
varians 30-33.Cyclotellasp. 34-35Aulacoseira granulata36-37.Aulacoseira ambigua38-39.
Aulacoseira granulataar. angustissima40-42.Fragilaria billingsii. 43-44.Fragilaria fusa 45-
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47. Fragilaria longifusiformis 48-51.Eunotia waimiriorum 52-53.Cocconeiscf. lineata. 52.

Raphe valve. 53. Rapheless valve. Scale bar: 10 um.
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Figures 54-96.Diatom assemblages (Bacillariophyta) in six trapiceservoirs (Sao Paulo,

Brazil). LM views. 54-56Staurosira construen&7-61.Achnanthidium sp57-58. Raphe valve.
59-60. Rapheless valve. 61. Girdle view. 62-84hnanthidium tropicocatenatuné2. Raphe

valve. 63. Rapheless valve. 64. Girdle view. 65H@midophila brekkaensi$9. Girdle views.
70-72.Frustulia crassinervia73-75.Brachysira microcephalas6-77.Geissleria punctifera78-
79. Navicula notha Figs 80-83.Sellaphora sassiana84-86. Encyonopsis subminuta87-89.
Encyonemasp. 90-93. Encyonema neomesianumd0. Girdle view. 94-96.Gomphonema

naviculoides Scale bar: 10 um.
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Figures 97-109.Diatom assemblages (Bacillariophyta) in six trapiceservoirs (Sdo Paulo,

Brazil). SEM views. 97-98Discostella stelligera97. External valve view with details of the

convex central area. 98. Internal valve view witnwex central area and alveolate stellate
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pattern. Note marginal fultoportulae between eveogtae. 99, 102Spicaticribra rudis 99.
External valve view with larger central areolae.téN@osition of rimoportula (arrow r) and
fultoportulae (arrow f). 102. Internal valve vieWote position of rimoportula (arrow r) and
fultoportulae (arrow f). 100-101, 103-10Aulacoseira tenellal00. External valve view. Flat
valve face with small areolae. 101. Frustule irdigirview showing the straight, inclined to the
right (dextrorse) areolae. 103. Internal valve vid®4. Detail of the mantle areolae and very
short spines. 105-10@ulacoseira pusilla 105. External girdle view. Note the short spines
located at the end of each two pervalvar costa®. \I8lve face. 10/ Humidophilact. biscutella
External valve view. 108Aulacoseira granulataValve view of the terminal cell of chain and a
very long spine. 109Aulacoseira ambiguaGirdle view of two valves. Note the fascia. Scale
bars: Figs 97-101, 104-106: 5 um; Figs 102-107m2 kigs 108- 109: 10 um.
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Figures 110-122.Diatom assemblages (Bacillariophyta) in six trapiceservoirs (Sao Paulo,
Brazil). SEM. 110.Fragilaria longifusiformis Internal valve view. 111-112Humidophila
brekkaensis111. Internal valve view. 112. External valvewiel13-114.Achnanthidiumsp.
113. Girdle view. Fig. 114. External view of raphave. Fig. 115. External view of rapheless
valve. Fig. 116. Internal view of rapheless val¥&7-119.Achnanthidium tropicocatenatum
117. Girdle view. 118. External view of rapheles$éve. 119. Internal view of raphe valve. 120.
Cocconeigf. lineata External view of rapheless valve. Fig. 1Eunotia waimiriorum Internal

valve view. 122 Staurosira construengnternal valve view. Scale bars: Figs 110, 12Dun;
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Figs 111, 112, 119, 121, 122: 5 pm; Figs 113, 11%, 118: 2 um; Fig. 114: 4 um; Fig. 116: 1

pum.

Figures 123-132.Diatom assemblages (Bacillariophyta) in six trapiceservoirs (Sao Paulo,
Brazil). SEM views. 123. Brachysira microcephalalnternal valve view. 124Sellaphora
sassianaExternal valve view. 125, 128rustulia crassinervial25. External valve view. 128.
Internal valve view. 126.Encyonopsis subminutaExternal valve view. 127Geissleria
punctifera Internal valve view. 12Qavicula notha Internal valve view. 130-13Encyonema
sp. 132.Encyonema neomesianumBxternal valve view. Scale bars: Figs 123, 126;1228,
130-131: 5 um; Fig. 124: 1 um; Figs 125, 132: 1Q Rig. 128: 2 um.
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ABSTRACT

We used variation partitioning to evaluate sigmifice of local environment, spatial structure and
hydrological connectivity in the diatom communitgriation in phytoplankton and superficial sediments
of six reservoirs of southeast Brazil. Common aar@ diatom species were represented by differdat da
sets, according to the species relative abundamtéragquency of occurrence. To clarify the connaisti
effect on the metacommunity organization, analygese performed with and without a hydrological
connectivity matrix as predictor. Results for ramed common species were similar, but explanation
power depended on the habitat and the climaticosed$e hydrological connectivity predictor provied
play an important role toward explaining the diatonetacommunity dynamics. Consequently, this

landscape feature should not be neglected in eicalogodels of managed rivers.

KEYWORDS

connectivity, occurrence frequency, rare specadative abundance, reservoir
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INTRODUCTION

Community assembly is likely shaped by an inténgceffect of stochastic, neutral processes and
deterministic, niche-based processes (Royo & Ris2@12). Assessing their relative significance and
understanding such perspectives have been a landisg challenge in ecological studies (Tilman,4£00
Cottenie, 2005; Hein@t al., 2015). The main analytical approach involves garihg variation in
community composition at regional extents (Caparsil., 2010; O’'Hareet al., 2012; Alahuhtaet al.,
2014) into environmental and spatial componentsli@at al.,2014; Vilmi et al.,2016; Wojciechowski
etal., 2017).

An advance of this perspective is the comparisopatferns generated by common and rare taxa
(e.g. Siqueiraet al.,2012; Spitalest al.,2012; Alahuhtaet al.,2014); Natural rarity seems to be a general
species trait, and a number of species are syatialhumerically constrained as a consequenceedf th
evolutionary strategy as “specialists”, in contrast‘generalists” that often have a wide distriboal
range (Grime 2001, Spitakt al. 2012). For example, specialist species are eggeitt benefit from
environments that are relatively homogeneous (@cs@nd/or time) and tend to be mainly determined b
environmental filtering due to local factors, whesegeneralist species should benefit from envirariene
that are heterogeneous and mainly determined hyexdial limitation reflected by spatial constrains
(Kassen, 2002; Marvieat al.,2004; Ostergard & Ehrlén, 2005).

Knowledge about these patterns in tropical resesvid still very scarce, especially considering
communities in different habitats and also duehtofact that reservoirs are usually organized stade
along river basin. Such regulation in hydrologicahnectivity may be central to determine variation
species composition. Indeed, a key mechanism tdaexmifferences in community composition
predictability in aquatic systems seems to be thnectivity among communities (Mouquet & Loreau
2003; Heineet al.,2015; Vilmi et al.,2016). Connectivity is likely to affect dispersates and, hence, the
degree to which species sorting may be observethtiure (Vilmiet al.,2016). In the metacommunity
concept, species sorting results in a matching dmtwthe environmental gradients and the taxa
composition, and is impeded by either too low ar kigh dispersal rates (van der Guehtal., 2007).
Also, in many ecological systems dispersal is jikel be influenced not only by the geographic dis&
but also by its direction (Moritet al., 2013). Relatedly, species cross-site similaritypiiedicted to
decline logarithmically with increasing geographidstance when migration rate is low accordingh®
neutral theory (Chave & Leigh, 2001; Hubbell, 2001)

In this study, we used phytoplankton and surfaabnsent diatom datasets from six reservoirs in
southeast Brazil to evaluate species cut-off initipgortance analysis of local environment and space
the community variation, and also to clarify théeef of hydrological connectivitper seafter controlling
for spatial structuring. While phytoplankton shoxtreme sensitivity to changes in the biotic, phgkic
and chemical structure of aquatic environments (Rkis, 1980; 1998; Wojciechowskt al.,2017), the
surface sediment communities integrates habitaie facross an entire lake and throughout time

(Winegardneret al., 2014). We thus aimed at answering the followingstjoes: () what are the main
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drivers of diatom metacommunities in tropical resas? @) Did we observe different results among
climatic seasons or habitats (phytoplankton anesigmll sediment)?3) Do common and rare species
have similar metacommunity correlategl} Does the hydrological connectivity play a centrale in
structuring diatom metacommunities?

Diatoms are considered ubiquitous and their comtpwomposition is dominantly determined by
species sorting by the environment (Wekedl.,2012). However, there is a plain contrast betwéén t
assessment and the recent diatom literature, widntains many claims of endemism. The combination
of very large number of species and relatively dagispersal in diatoms is inconsistent with some
versions of the “ubiquity hypothesis” of protestodpgography, and appears paradoxical (Mann &
Vanormelingen, 2013). We expect that diatoms imlyigonnected systems are not limited by dispersal.
Furthermore, diatom assemblages within surfacarssts are assumed to integrate small-scale temporal
and spatial perturbations into more defined assagals. Consequently, they are assumed to be more
accurate indicators of general environmental céotand may respond mainly to local environmental
filtering (Hassaret al., 2008). Besides, we believe that climate controkces distributions and local
abundances by producing, for example, physiologitalss (Root, 1988). High temporal variabilityttod
environment selects for increased dispersal alfiigndon & Michalakis, 2001), which allows organgsm
to track their best preferred habitat (Jocepieal., 2010). Finally, we predict that variation in local
environmental conditions would significantly infnee community composition mainly for specialists
(Rodil et al.,2017).

MATERIAL AND METHODS

Study area
Reservoirs studied are located at two differentinsasn southwestern S&o Paulo: Ribeira do
Iguape/Litoral Sul and Alto Paranapanema. Threervesrs (Cachoeira do Franca, Cachoeira da Fumaca
and Serraria) are connected with the same watasedquduquid river), whereas the other three (Jué,pa
Salto do Iporanga and Paineiras) are located eetHifferent rivers (Rio dos Peixes, Assungui and/d

river, respectively) (Fig. 1).
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Figure 1. Study sites showing the 20 sampling angas the six studied reservoirs.

Based on their current water chemistry, reserveiidely vary according to environmental
conditions ranging from ultracligotrophic to euthip according to determination of the Trophic State
Index (TSI) for reservoirs (Lamparelli, 2004). Epghic sampling units are probably a result of the
anthropogenic management of the system relatechéoatitomation of the hydroelectric plant that
occurred during the sampling period. Informatioowithe reservoirs is summarized in table 1.

Table 1. Means and standard deviation of abiotigatsées in the six reservoirs studied. Sec (Secchi
depth; m), Temp (Temperature; °C), Cond (CondugtiviS cm), Alk (Alkalinity; mEq L™?), DO
(Dissolved oxygen; mg 1), TN (Total nitrogenug L™), TP (Total phosphorugig L), SRS (Soluble
reactive silica; mg 1), Chlo (Chlorophylla; pg L™®). FR (Cachoeira do Franca), FU (Cachoeira da
Fumaca), SE (Serraria), JP (Jurupara), Sl (Saltpal@nga), Pl (Paineiras). Numbers refer to thepa
units.

47



Sec Temp pH Cond Alk DO TN TP SRS Chlo

FR1 1.7485 23.1+6.8 7.3+0.9 24.51#0 0.24#0 7.5%0 151629 5.5+2.2 2.4+1.3 5.4+4.8
FR2 1.940. 24.2+¢8.1 7.3t1.3 2440 0.2+0 7.43+0.9 1918+4 10.0+7.5 2.39+1.2 4.12+2
FR3 1.7+0 24.1+8.3 7.9+0.6 23.5+2.1 0.240 7.3+1.6 232122 6.6+3.7 2.3t1.4  20.2+26.5
FR4 1.7+0.1 24.0£7.9 8.6£0.6 24.5+3.5 0.2+0 8.2+1.6 .08053.7 6.8+2.5 2.2+1.3 22.8+29.7
FU1 2.6£1.7 24.847.3 6.5+0 26.5+0.7 0.240 6.9+2.2 228%H7 5.1+1.6 2.5+1 1.7+0.4
FU2 28+15 24.3+7 6.8+0.7 26.0+2.8 0.2+0 8.3x0.5 176661  8.4+2.1 2.4+1 3.4+1.1
FU3 2.1+0.3 24.846.4 6.61x0 26.0+1.4 0.2+0 7.5+0.1 18017 5.8+2.7 2.3+1 3.3+2.3
SE1 4.0£1.8 26.3x7.2 7.4+1.1 21.0+9.9 0.2¢0 8.3x14 .3864.1 8.1+2.9 4.4+1.2 1.8+0.7
SE2 3.7¥1.4 26.2+7 7.310.6  25.0+2.8 0.2¢0 7.9+04 1780/ 8.0£1.5 3.9+£15 4.612.2
SE3 4.2+1.4 25.6%6.2 6.6x0.2 28.5%+2.1 0.2+0 7.5%£1.2 .01647.7 8.5+3.7 3.6x1.5 7.6x0.7
JP1 1.5+0.8 24.146.7 6.4+1.3 24.0+2.8 0.2+0 7.8+0.8 .3689.4 19.5+4.2 3.91#0.3 16.8£1.8
JP2 1.9+04 24.6+6.5 6.6£0.1 23.5%£3.5 0.2¢0 6.7+1.3 .85201.4 16.6+0.3 3.8%#0.3 10.1+0.7
JP3  2.2+0.2 25.446.9 6.6£0.1 24.0+2.8 0.2+0 7.5+0.3 .858.2 13.5+0.7 3.7£0.3 7.1+1.2
JP4  2.1+0.4 25.0+7.1 6.8+0.2 23.5+35 0.2+0 7.1+1.1 .43403.8 13.3+1.9 4.0+0 6.6+3.7
Si1 1.5+0.2 24.0+2.6 8.0+2.1 50.0+9.9 0.3+x0 6.7+1.9 .91543.2 32.1+3.7 5.1+1.6 36.7+37.6
SI2  1.9+04 23.7+2.7 7.8+2 43.5+7.8 0.3+0 6.2+2.9 312394 23.1£1.5 4.9+0.7 17.4+15.3
SI3 1.740.6 23.6£2.7 7.9+2.1 43.0£11.3 0.3x0 7.4+2.2 4.3622.4 25.6£3.8 4.1+15 36.8+44
PI1 0.7+0.7 225+6.4 6.7+0.4 39.0+2.8 0.3+t0 6.6+0.3 .814019.3 20.3+0.3 4.6+0.4 9.845.7
PI2 13+05 22.7+6.3 6.9+0.6 38.5+2.1 0.3x0 6.3+x0.2 .2%858.4 16.2+0.4 4.6+0.8 6.9+2.7
P13 1.3#0.3 23.1+6.1 7.1+0.5 38.0+2.8 0.3+0 6.4+0.3 .28918.8 16.3+2 4.5+0.8 4.8+3.1

Sampling

Water and diatom communities were obtained in 20psiag sites with a van Dorn water sampler
along the vertical profile of reservoir during tlaistral summer and winter (2014) in which the
hydrological regime is characterized, respectively,a wet and a dry season. Surface sediments were
collected only during the winter with an UWITEC witg core and the top 2 cm were used for analyses.

In the field, temperature (°C), pH and conductiviisd cm') were measured with a Horiba U-53
multiparameter probe, and water transparency wieechi disk. The analytical procedure for dissdlve
oxygen (mg [Y), ammonium j¢g L™), nitrate (1ig L), soluble reactive silica (mg™), total nitrogen and
total phosphorusug L™), free carbon dioxide (mg1), and bicarbonate ions (mg')followed Standard
Methods (APHA, 2005). Chlorophyédl (ug L) corrected for phaeophytin was measured in 90%neth
(Sartory & Grobbelaar, 1984).

Diatom samples were prepared with standard tecbri@Battarbee, 1986). Permanent slides were
mounted with Naphrax followed by taxonomic idemtifions performed in a binocular Zeiss Imager A2
equipped with Differential Interference ContrastI@pP and an AxioCam MR5 digital camera
(magnification 1000x). Relative abundance was estoh with three quantification limit criterial)(
species rarefaction curve (Bicudo, 199@), ¢ounting of at least 400 valves in total, aByl €fficiency

count of at least 90% (Pappas & Stoermer, 1996).

Statistical analyses
In this study, community matrices were composedashmon and rare diatom species, represented
by different data sets that were deconstructedrdowgp to their relative abundance (at least 1%, &%
5%) and the frequency of occurrence (rare < 25%cantmon > 75%).
In order to eliminate disparity between values,diditom data sets, including “all species” matrix,
were Hellinger-transformed. Variation partitioninggas used to determine the contribution of

environmental, spatial and hydrological connedtiviiredictors to the structure of the community
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variation of all diatom data sets, both within pipfankton and superficial sediment and betweenation
seasons. If species composition patterns solely afang environmental gradients, it would indicttat
the underlying mechanism is environmental filterinfy only spatial structure affects, variation in
community patterns may arise from dispersal linoted (Arnanet al., 2015). In this sense, the total
metacommunity variation was partitioned into pured ashared effects:1] environmental variables,
accounting processes related to environmentatifijeof species and, therefore, related to thengdifan
niche concept; ) spatial variables represented processes relatethe stochastic dispersion and,
therefore, related to the neutral theory conceptd; 8) hydrological connectivity variables, representing
another facet of the species dispersion not rel&tedeographical distance, but to the ecosystems’
connectivity at different scales. Therefore, masiof local communities (sampling x species) weedu
as a response matrix in separate analyses andatedietor matrices were generated. The firstrizasrix

of environmental variables, comprising the limnatady variables described above. Environment
variables considered during present analyses vedeetsd after screening collinear variables. These
matrix is composed of spatial variables that werregated to represent probable dispersion routes. F
this purpose, we used tesymmetric Eigenvector Magproach, proposed by Blanckttl. (2008a).
As a result, spatial filters were generated by migkie analysis, &rincipal Coordinates of Neighbor
Matrices (PCNM, Borcard & Legendre, 2002) generalizatioongidering the water flow directionality,
an inherent characteristic of aquatic ecosystemmaxted in the watercourse. Only variables with
positive and significant spatial correlation (detared with Moran’s 1) were selected. The hydroladjic
connectivity was represented by a matrix of ordireiables grouping the sampling stations at cffier
scales. In this case, four variables were formdlate follows: one with similar values for statiomishin

a reservoir; another with similar values for stasion reservoirs of the same river; another withilsir
values for stations in reservoirs in two directynnected rivers; and the last one with similar galfor
stations in reservoirs of the same basin (FigV2¢. also performed the same procedure with Forward
Selection procedure (Blanchettal. 2008b, as implemented in Dray, 2007).These resukt available as

Supplementary Material (Annex S1).
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Figure 2. Schematic representation of the ordirmalables used as predictor matrix for hydrological
connectivity in the study area. (A) similar valués sample units (numbers) within a reservoir
(trapezium); (B) similar values for sample unitsreservoirs of the same river (light gray area)) (C
similar values for sample units in reservoirs irotdirectly connected rivers (dark gray area); aby (
similar values for sample units in reservoirs af fame basin (white area). Rivers and their wateseo

are represented by dotted arrows.

Predictor matrices and their individual and sharewtribution were estimated by partial redundancy
analysis (pRDA) (Borcareét al.,1992). In this, eight explanation components werregated: 1) pure
environmentalE: fraction of variation in the community structuegplained by environmental variables
that are neither spatially nor hydrologically coctegl; @) pure spatialS: species data in spatial patterns
that are independent of any hydrological connegtior environmental predictors3)(pure hydrological,

H: hydrological connectivity patterns that are inglegeent of any spatial or environmental predictt;
pure spatial component of environmental predict8Es,the spatial variation component that is linked to
one/some environmental variable(€) pure hydrological of environmental componeME,: fraction of
(non-spatial) variation explained by hydrologicanoectivity and environmental variables) (pure
combined spatial/hydrological connectivity compan&H: fraction of the species data variation that is
not related to environmental variables, but that ba attributed to pure combined spatial-hydrologic
patterns; ) combined spatial/hydrological connectivity of @ommental componentSHE: variation
fraction that can be explained by combined actibgpatial, hydrological connectivity and environrtadn
variables; and 8 unexplained,U: this component is the remainder in the analyb& ttannot be
explained neither by the spatial coordinates, ngrthie hydrological connectivity variables or the
environmental variables included in the analysis.
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To highlight the connectivity effect in the metacoomity organization, the same analysis was
performed without the hydrological connectivity miat In this case, four components are generated:
E, SEandU. Both analyses’ results were compared and theemdivity effect was implied by the change
in the total explained variance and the variangeaged by environmental or spatial variables. foas
significances were tested using 999 random perioatat Analyses were performed in software R v.
3.0.2 (R Core Team, 2014) with ‘varpart’ functidtioe vegan package (Oksarsral.,2016).

RESULTS

Diatom community compaosition

A total of 447 diatom taxa belonging to 71 genesxenidentified within the 60 samples from the
studied reservoirs. 186 taxa occurred in the pHgtdqion during the summer, 125 taxa occurred in the
phytoplankton during the winter, and 334 occurrethe surface sediments.

Several taxa showed high abundances in the samipleading Aulacoseiratenella (Nygaard)
Simonsenpiscostella stelligergdCleve & Grunow) Houk & Klee an&picaticribra kingstonidohansen,

Kaociolek & Lowe However, the singletons are anomalously high intreasiples.

Variance partitioning

The matrices resulting from the VIF Function andvirrd Selection showed similar results and
tendencies. Hence, the latter results are showedmsementary material (Annex S1).

The explanatory capacity of predictor variables wsisally high and although part of the variability
in the diatom community structure remained unexgdj this fraction containing residuald] [was quite
low in all performed analyses (Fig. 3). The metasamity variation explanation depended on the
predictor matrices and the rarity categories enmgupyespecially when rarity was defined as occugenc

frequency (Fig. 3).
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Figure 3. Results from partial redundancy anal{isRBDA). Shown are the relative contributions (%
explanation) environmentag), spatial S), hydrological connectivityH, only in A) variables and th
shared components explaining variation in abundasfcdiatom metacommunitiesU = unexplainec
component. Significance of the pure componeE, S andH) was tested using random permutatic

Significant values(p < 0.05)are represented by *

Inclusion of the hydrological connectivity matrigsulted not only in increase of the explained 1
variance, but also in change in the effect of eminental and spatial variables (FilA). In thiscase, we
observed the lowest values obtained for the > 7&¢4 set in virtually all partition

The S componer explained a significant portion of the total vaidatin the several group structur:
This component was particularly high for the summbytoplankton data set, when the hydrolog
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connectivity matrix is not considered, especially the “all species” data set. The lowest (and non-
significant) S component was obtained for the surface sedimer@®md communities with the
hydrological connectivity predictor, especially ftire “all species” and > 75% data sets, without any
explicability considering the three predictors. The&omponent was significantly accounted for part of
the variation in all groups’ community structurexcept for that of the surface sediments. Also,
environmental predictor results were not significanalmost all the frequency occurrence data Jdts.
environmental variables were also higher especialiyhe phytoplankton data set during the winter.
When the hydrological matrix was considered), H and E shared fraction was the highest

component explaining variation in the all groupsnoaunity structure, especially the ones recorded for

the summer phytoplankton (Fig. 3A). Other sharadtfons were low or absent.

DISCUSSION

We innovate by showing that the relative importan€esnvironmental, spatial and hydrological
connectivity predictors for explaining the speaesmposition and diatoms assemblage distributioredar
not only among phytoplankton, superficial sedimeand climatic seasons, but also among the different
cut-offs. A very tiny portion of the community vation remained unexplained and we showed thatrbette
representing hydrological connectivity is cent@aldisentangle relative roles of different mechasism
community assembly in a system of reservoirs cascad

Despite the important role that the environmentstgiently plays in the diatom community
structure, they have a strong spatial componepiysiy a clear geographic structure. These findergs
highly congruent with the number of recent studiesaveling the spatial structure of unicellular
organisms in general (Potapova & Charles, 2002hRet al., 2005; Soininen, 2007). Environmental
heterogeneity and dispersal limitation were liklg main factors determining diatom beta diversity
tropical reservoirs (Zorzal-Almeidat al.,2017).

Environmental gradients may be barely evident alisstales. At large spatial scales, adaptation to
specific regional environmental regimes provideppsut for a niche-based perspective. However, at
small and intermediate spatial scales, the covegiari environment and geographic distance has lihade
more challenging to distinguish the likely effeaif niche versus neutral processes on community
composition (Gilbert & Lechowicz, 2004). In thesases, causes of the low percentage explanation is
credited, in general, to the non-inclusion of Vialéa relevant to the community structuring (Soinie¢
al., 2007; Padiakt al.,2014; Heinoet al.,2015) and stochastic colonization and extincti@tslogical
drift as well as biological interactions (Vilrat al.,2016).

Spatial factors may indicate dispersal-related rapidms, such as mass effects and dispersal
limitation (Székely & Langenheder, 2014). When édesng the hydrological connectivity predictors,
total variation percentages explained by the spartid shared effects were greatly reduced. Thezetoe
suggest that representation of hydrological conwvigcin key in studies carried out in reservoiescade,

53



given that only PCNM techniques may not represemt honnections may affect community assembly.
Independent on how representing hydrological cotivigg it has proven to be an important factor in
forming communities along riverine dendritic netk®(Besemeet al.,2013; Freimanret al.,2015) and
tropical reservoirs (Zorzal-Almeidet al.,2017). A high dispersal rate facilitated by higmgectivity
between sites was the most probable explanatiothéodiatom community patterns observed by Vimi

al. (2016), in which high dispersal rates betweeessitre likely to interfere with environmental filteg

and may result in clear spatial structures in tieex values used in bioassessment. These resuks we
dependent on the size and connectivity of the swyitem. Currently, the fraction predicted by the
combined action of spatial, hydrological connetyiand environmental variables contributed with mos
of the data explanation.

We observed that results from the application & 186, 2% and 5% cut-offs based on relative
abundances do not greatly differ from those obskpadtern in the “all species” data set. It suggésat
applying these cut-offs on data does not implygmificant information loss provided by rare species
Although authors used different criteria of rariBigqueiraetal. (2012) found similar results, even though
their rare species definition as the 25% and 508% &bundant species produced different results when
compared to common or non-significant species. ¢l@y, common and rare species sets react to similar
major environmental gradients and that the rareispealso respond to processes that operate at& mo
fine-grained spatial scale, particularly bioticardactions. Yet, the authors emphasize that rasty i
complex concept, and finding a useful and objectizty definition is difficult (Rabinowitz, 1981;
Gaston, 1994; Siqueiret al., 2012). Our results are also in accordance withetiysChecon & Amaral
(2016) in which inclusion of only a few abundanésies or of all species would lead to the samdtsesu
However, latter authors emphasized that the raeeisp influence was related to the metrics apphed
the analysis. Similar responses of common and spegies to ecological gradients also suggest that
common species assemblages may be used to desmilieersity-environment relationships. Common
species can potentially indicate various environiaechanges in lakes and, hence, there is support f
the practice of eliminating rare species from c¢eréaalyses leading to the development of envirariale
indicators (Cao & Larsen, 2001). Conversely, Nijo&eSchmidt-Kloiber (2004) found that an European
multimetric index of biotic integrity was depresdwdremoving species defined as spatially rare,veasl
elevated by removing taxa with low abundances, ssiijgg that certain types of rarity describe défdr
responses to environmental conditions (Arsebtil.,2003).

Although recent studies supported the idea thdt botnmon and rare species are mainly affected by
environmental factors (e.g. Jetz & Rahbek, 2008u&raet al.,2012), local environment explained very
little about the diatom species compositional clegrmgmong reservoirs, especially in regard to thiacel
sediments habitat. However, when the hydrologicanectivity matrix was included, results from this
compartment were not significant, despite followitlg same phytoplankton compartment tendencies,
with prevalence of the spatial predictors to expliie diatom community variation. Due to its degoée

temporal integration, surface sediments are exgeteprovide longer intervals for the immigration,
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emigration and colonization of taxa than do wattmn samples, being more powerfully explained by
environmental gradients (Winegardregral.,2015). Inference models generally assume that deddm
assemblages faithfully reflect the environmentalnditions prevailing at the sampling station.
Sedimentary diatom assemblages, however, are thelt ref ecological processes affecting the
distribution of living diatoms along environmengadients plus taphonomic processes that alter dead
frustules after deposition, so that their distribatwithin a locality may not represent their ligimabitat
with high fidelity (Hassaret al.,2008). Nevertheless, environmental variables wettebpredictors than
the spatial and hydrological connectivity for thater phytoplankton data sets. The winter periothés

dry season, which possibly changes the environngennhectivity, and consequently the dispersal
capacity of the local assemblies. Also, the troprimdient was more heterogeneous in this period wit
sample units previously classified as oligotropdmc mesotrophic becoming mesotrophic and eutrophic.
In this sense, abiotic variables might have antanting influence on the diatom community structure

reflecting mainly the minor changes in water cherpigithin a watershed.

CONCLUSION

In this study, we clearly demonstrate that imparéamf the different predictors in structuring
tropical diatoms metacommunities was similar foe thfferent cut-offs, but dependent on the climatic
season and habitat. Primarily, the diatom distidsutin phytoplankton and superficial sediment was
explained mainly by the spatial structure and dutime summer, contrary to recent studies that sappo
the environmental factors as the main predictonimduthe winter, the environmental component was
preponderant only for the phytoplankton diatom camities. More important, hydrological connectivity
proved to be central in dispersion processes ordhemunity structure, playing an important rolehe
explanation of the diatom metacommunities variatidfe conclude that this variable should never be

neglected in the models that predict the functigraguatic ecosystems.
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Appendix S1 (Anexo S1). Partitioning variation resits considering the
Forward Selection procedure (Blanchet et al. 200¢
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ABSTRACT

Detection of diversity spatial patterns varies adow to the sampling scale, that is, the
pattern observed in a local community may be dfféthan that found in larger areas. We used
two additive partitioning of total species richnesgl a null model to evaluate whether cascade
reservoirs located at the same river differ on paetition of diversity at different scales than
reservoirs located in different rivers. Besides,thieta diversity among reservoirs was estimated
by Sgrensen index and was partitioned in a compomdaited to turnover and nestedness, to
assess whether reservoirs with direct connectiowdgrcourse have lower beta diversity than
connectionless reservoirs. Residues of linear ssgye of beta diversity indices with the
geographical distance of reservoirs were useddbthe beta diversity of reservoirs connected
directly to the watercourse. We found that highelswof hydrological connectivity favors the
exchange of organisms through passive dispersateasing similarity in the metacommunity
species composition and decreasing beta diverSdy.conservation purposes, present results
suggest a protection in a large scale, ensuring tieersity between sites and conserving total
diversity.
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Introduction

Urban reservoirs are considered important artifi@guatic ecosystems formed by
damming one or more rivers (Rasanen 1986). Thdfeial systems are important points of
convergence of the different activities developed the basin, their uses, and socio-
environmental and economic aspects, so that wataity reflects the multiple human activities
and the impacts resulting from these activitiesb@egas 1999).

Assessing the ecological quality of aquatic ec@systand their stressors has, therefore,
become a central theme of discussion. This assassimecommonly performed based on
ecological indicators that provide tools to guiddians of environmental managers (Bicudo et
al. unpublished manuscript). In this sense, diatbmge been extensively used in water quality
monitoring (Round 1991).

Diatoms are single-celled organisms (class Bawmldnyceae) that typically possess
siliceous cell walls or frustules that are wellggeved in most aquatic sediments (Dixit & Smol
1994). Hence, sedimentary diatoms have also beereasingly used in environmental
monitoring and assessment studies (Dixit et al.21%harles et al. 1994) as they provide an
extended temporal record of environmental condsticdiar beyond those that are possible by
current monitoring conditions (Dixit et al. 1992998). Diatoms exist in a wide range of
ecological conditions and colonize almost all sulgahabitats (Stevenson & Bahls 1999, Omar
2010). Depending on the species concept, conseevasitimates suggest that the total number of
diatom species could be as high as two hundredséral(Mann & Droop 1996, Wetzel et al.
2012). However, such global estimates are confussrthuse most studies are focused on
understanding the patterns of diversity in a paldicdiatom genus at a local or regional scale
(Malviya et al. 2016).

Species diversity is heterogeneously distributedragnhabitats, landscapes and regions.
To account for different spatial scales, Whittaied77) proposed a hierarchical nomenclature in
which alpha diversity refers to that within-habjtagta to diversity among-habitat differentiation
in a landscape, gamma diversity to total withindscape diversity, delta diversity to among-
landscape differentiation in a region, and epsithversity to total within-region diversity
(Tuomisto 2010).

Many authors have stated in the past few yearsdbedmposition of the total diversity
into alpha and beta community diversity should deéitave (e.g. Allan 1975, Pielou 1975, Veech
et al. 2002, Ricotta 2003), where the regional it is the sum of alpha and beta diversity,
when alpha is the average diversity within the dargpunits in the region and beta is diversity

between sampling units (Allan 1975, Lande 1996)\elsity components within (alpha) and
63



between (beta) communities are expressed in thee samis so that they can be directly
compared (Diekotter et al. 2007). Differences inotb conditions among the geographic
location of communities, existence of predators amanpetitors, differences in species
adaptations, and dispersal ability might all influae the species distribution among communities
(Veech 2005).

Recently, Baselga (2010) proposed that Sgrenssmd@rity, a monotonic transformation
of strict sense beta diversity (e.g. gamma/alph@)icc be decomposed into two additive
components (Si et al. 2015). Then, regardless efbita diversity concept used there are two
basic patterns that lead to variation in speciespasition: (i)turnoverrefers to the replacement
of some species by other species from site toistiependent of potential differences in species
richness between the sites (e.g. Koleff et al. 2@¥selga 2010, Chase et al. 2011) and (ii)
nestednesgomponent accounts for the differences in comjwsitvhen there is no species
replacement from one site to the other. Theserdifiees are derived from differences in species
richness between nested assemblages, e.g. thespeanposition of the poorest site is a subset
of that of the richest site (Baselga et al. 201&gtBn et al. 2012).

Partitioning biological diversity across spatiables has been focused on in numerous
ecological studies for several decades since Wieitt§1960, 1972) pioneering works. Thus,
additive partitions have been used to analyze tubieal patterns of species diversity in
agricultural landscapes (e.g. Wagner et al. 2000rrier & Loreau 2001), tropical forests (e.g.
De Vries et al. 1997, 1999, De Vries & Walla 20C@hbra-Garcia et al. 2010, Beck et al. 2012),
temperate forests (e.g. Gering et al. 2003, Sumitieeet al. 2003) and several studies have been
conducted to evaluate diversity partitioning irens (Ligeiro et al. 2010, Hepp et al. 2012, Hepp
& Melo 2013), lakes (Flach et al. 2012), and wedAvila et al. 2011, Maltchik et al. 2012).
However, additive partitioning analyses in tropicakervoirs (e.g. Molozzi et al. 2013) and
especially involving diatoms (e.g. Wetzel et all2p are rare. Also, studies evaluating the
effects of hydrological connectivity on the compoise of diversity within and between
communities have been scarce (e.g. Diekétter &0817, Molozzi et al. 2013). Besides this, the
surface sediment compartment has been neglected.

Specifically, present study addressed two majoreaihjes. First, we used additive
partitioning of diversity to examine whether caseadservoirs in the same river differ on the
partition of diversity at different scales from eegoirs located in different rivers. Second, we
determined whether reservoirs with direct watersewronnection have lower beta diversity than
connectionless reservoirs. We disentangled theribotibns of spatial turnover and nestedness

to beta diversity patterns and their changes veisg loss and gain over the study period with
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the quantitative framework recently proposed bydBgs (2010). We expected that in strongly

connected habitats, dispersal rates can be sothahlead to homogenization through mass
effects compared to non-connected reservoirs, basethe assumption that high levels of

hydrological connectivity favors the exchange afanisms through passive dispersal, increasing
similarity in metacommunity species composition atetreasing beta diversity (Lopes et al.

2014).

Methods

Study area

Fieldwork was carried out along the six reservetiglied as part of the AcquaSed Project
(Base line diagnosis and reconstruction of anthgep@ impacts in the Guarapiranga Reservaoir,
focusing on the sustainability in water supply avater quality management in reservoirs of the
Alto Tieté and surrounding basins). Reservoirs lacated at two different basins: Ribeira do
Iguape and Litoral Sul, and Alto Paranapanema (Bigvith a mean elevation ranging from 17
to 996 m a.s.l. Main reservoirs are for power gaten, but they are also used for fishing and
recreation (Votorantim Energigersonal communicatiQnAll study sites were located in well
preserved areas, most of them located in areaheoPEJU State Park (Parque Estadual do
Jurupard). Presently, reservoirs were classifiedtimmligotrophic to mesotrophic (Lamparelli
2004) with no obvious signs of human impact.
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Figure 1. Sampling sites located in the six studieskrvoirs along the Ribeira do Iguape e

Litoral Sul and Alto Paranapanema basins.

This area supports enormous biological diversity high degree of endemism within the
region and species of fauna and flora presentlgatiened with extinction (SMA 2010).
Recently, a number of diatom species have beerridedc(e.g. Marquardt et al. 2017a, b; in
press). Therefore, understanding of the scalingj\arsity is important to enhance conservation

and management strategies for ecosystems undee frvironmental changes.

Sampling and slides preparation

Water and diatom assemblages were sampled durengathy (January to February) and
dry seasons (June to September) of 2014 in 20 sagngites distributed along the six reservoirs
studied. Bathymetric maps were not available fer sampled reservoirs, and maximum depths
(Zmay Were measured using a depth meter. Water samydes collected with a van Dorn
sampler at three depths along the water columns(stdce, mean depth, and 1 m above the
sediments). Temperature (°C), pH and electricaduotivity (uS cni') were measured in the
field at every 50 cm depth with a multiparameteober (Horiba U-53), and the water

transparency with a Secchi disk. The following watariables were also measured: alkalinity
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(Golterman & Clymo 1969), free GOHCG;, CO; and ammonium (N-NE (Solorzano 1969),
nitrate (N-NQ) and nitrite (N-NQ) (Mackereth et al. 1978), dissolved oxygen (DO)r(Mér
modified by Golterman et al. 1978), soluble reactphosphorus (SRP) and total dissolved
phosphorus (TDP) (Strickland & Parsons 1965), delubactive silica (SRS) (Golterman et al.
1978), and total nitrogen (TN) and total phosphoftBR) (Valderrama 1981). Chlorophyll-a
concentration corrected for phaeophytin was medswith 90% ethanol as the organic solvent
(Sartory & Grobbelaar 1984) (Table 1).
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Table 1. Means and standard deviation of limnolalgi@riables in the six studied reservoirs. Vaesablvere eliminated because of collinearity.
Abbreviations: Sec (Secchi depth; m), Temp (Tempeea °C), Cond (ConductivityyS cm'), Alk (Alkalinity; mEq L™), DO (Dissolved
oxygen; mg [%), TN (Total nitrogenpg L™), TP (Total phosphorugig L), SRS (Soluble reactive silica; m@'), Chlo (Chlorophyll-ang L™,
TSI (Trophic State Index). FR (Cachoeira do Fran€&) (Cachoeira da Fumaca), SE (Serraria), JP gaud), S| (Salto do Iporanga), PI
(Paineiras). Numbers refer to the sample units.

Sec Temp pH Cond Alk DO TN TP SRS Chlo TSI
FR1 1.7#85 23.1+6.8 7.3+0.9 24.540 0.2+0 7.5x0 15169 5.5+2.2 2.4+1.3 5.4+4.8 49.2
FR2 1.9+0. 24.2+8.1 7.3x1.3 24%0 0.2¢0 7.43+0.9 1918+4 10.0£7.5 2.39+1.2 4.12+2 50.4

FR3 1.7+0 241483 7.9+0.6 23.5%2.1 0.2+#0 7.3t1.6 232122 6.6+£3.7 2.3%+14 20.2426.5 51.0
FR4 1.7+0.1 24.0+7.9 8.6x0.6 24.5+3.5 0.2+#0 8.2+1.6 .08053.7 6.8%+2.5 2.2+1.3 22.8+29.7 51.6
FU1 2.6£1.7 24.8%7.3 6.5+0 26.51+0.7 0.2#0 6.9+2.2 2283%7 5.1+1.6 2.5%1 1.7+0.4 46.8
FU2 2.8+1.5 24.3+7 6.8+0.7 26.0+2.8 0.2+0 8.3+0.5 176601 8.4+2.1 2.4+1 3.4+1.1 49.9
FU3 2.1+0.3 24.846.4 6.6x0 26.0£1.4 0.2+#0 7.5#0.1 180117 5.8+2.7 2.3%1 3.3£2.3 48.5
SE1 4.0+1.8 26.3+7.2 7.4+¥1.1 21.0+9.9 0.2+0 8.3x1.4 .3864.1 8.1+2.9 4.4+1.2 1.8+0.7 48.2
SE2 3.7¥1.4 26.2+7 7.3+0.6 25.0+2.8 0.2+0 7.9+0.4 1¥80¢ 8.0+1.5 3.9+1.5 4.6+2.2 50.4
SE3 4.2+1.4 25.6+6.2 6.6+0.2 28.5+2.1 0.2+#0 7.5£1.2 .Q1647.7 8.5%£3.7 3.6x£1.5 7.6x0.7 51.9
JP1 15+0.8 24.1+6.7 6.4+1.3 24.0+2.8 0.2+0 7.8+0.8 .3689.4 19.5¢4.2 3.9+0.3 16.8+1.8 56.5
JP2 1.9+0.4 24.6%6.5 6.6x0.1 23.5%3.5 0.2#0 6.7+1.3 .85201.4 16.6+0.3 3.8%#0.3 10.1+0.7 54.8
JP3 2.2+0.2 25.4+6.9 6.6+0.1 24.0+2.8 0.2+0 7.5+0.3 .3%8.2 13.5+0.7 3.7+0.3 7.1+1.2 53.3
JP4 2.1+04 25.0+7.1 6.8+0.2 23.5%£3.5 0.2+#0 7.1+1.1  .48203.8 13.3¥1.9 4.0+0 6.6+£3.7 52.8
SI1  15+0.2 24.0+2.6 8.0+2.1 50.0+9.9 0.3x0 6.7+1.9 .8%%43.2 32.1+3.7 5.1+1.6 36.7£37.6 59.0
SI2  1.9+0.4 23.7+2.7 7.8%2 43.5+7.8 0.3+0 6.2+2.9 31384 23.1+1.5 4.9+0.7 17.4+15.3 56.5
SI3  1.720.6 23.6%2.7 7.9+2.1 43.0£11.3 0.3x0 7.4+2.2 4.3822.4 25.6£3.8 4.1+1.5 36.8+44 57.7
PI1 0.7#0.7 225+6.4 6.7+0.4 39.0+2.8 0.3x0 6.6x0.3 .8%019.3 20.3+0.3 4.6x0.4 9.8+5.7 55.1
P12 1.3+0.5 22.7+6.3 6.9+0.6 38.5+2.1 0.3+0 6.3+0.2 .25858.4 16.2+0.4 4.6+0.8 6.91+2.7 53.7
PI3 1.3+0.3 23.1+6.1 7.1+0.5 38.0+2.8 0.3+0 6.4+0.3 .28218.8 16.3%2 4.5+0.8 4.8+3.1 52.6
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Two different sets of samples (surface sediment phgtoplankton) were collected.
Subsurface phytoplankton diatoms were sampled mgus van Dorn sampler and samples of
each vertical profile were incorporated in the Iabory into a sample of equal volume from each
sampling station. This procedure was executed deroto represent the planktonic diatom
community as a whole along the vertical profile.eDwo its integrative character, sediment
diatoms were sampled only during the winter with BWITEC gravity core. Small
homogenized aliquots from both surface sediment @ndoplankton samples were heated to
90°C with concentrated hydrogen peroxide@t135%) and hydrochloric acid (HCl 37%) for at
least 4 h to oxidize the organic matter and clden ftustules. Next, the clean material was
diluted with deionized water and mounted on permarsfides with Naphrax as mounting
medium. Slides were examined under a Zeiss micpes¢bnager A2) at 1000x magnification
under oil immersion. Relative abundances were es#idh following the counting technique
described by Pappas & Stoermer (1996) with a miminad 400 valves counted per slide on up
to six random transects until reach the efficientyat least 90% besides the species and the

rarefaction curve (Bicudo 1990).

Statistical analyses

As sampling within the reservoirs were performedlifferent periods (with the exception
of the surface sediment diatoms), the gamma diyersi the set of reservoirs could be
partitioned as follows: (i) the average diversity sampling unit (alpha), the variation of the
diversity within the reservoir (beta 1), (i) thanation of diversity between reservoirs (beta 2),
and (iii) the variation of diversity between seasdbeta 3, only phytoplanktonic diatoms).
Therefore, we used two additive partitioning ofatsity, being one for the cascade reservoirs
and the other one for those located in differerégrs. Components of diversity were transformed
into percentage of gamma diversity and comparel thi¢ values expected by a null model (999
permutations). A comparison of the observed pattewith those predicted by null models
suggests a nonrandom ecological process that nsayoghortionately differentiate total species
diversity (Crist et al. 2003, Sasaki et al. 20kmall proportion, for example, prop exp > obs
< 0.05 indicates that diversity observed is sigaifitly greater than expected by chance.
Likewise, a value of > 0.95 indicates that the obseé diversity is significantly lower than
expected by chance (Crist et al. 2003). Intermediaiues indicate that diversity is similar to
that expected by chance.

The alpha diversity at a given scale is the surthefalpha and beta diversity at the next
lowest scale (e.g. alpha 2 = alpha 1 + beta 1;nAll875, Lande 1996) so, the overall diatom
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diversity in our study was described by the follogvformula: alpha 1 + beta 1 + beta 2 + beta 3.
For these analyses, we used the ‘adipart’ funatiotihe ‘vegan’ package (Oksanen et al. 2016)
of the free software Rv. 3.0.2 (R Core Team, 20T4)is function implements a statistical
approach developed by Crist et al. (2003) for mgstiull hypotheses that observed that partitions
of species richness differed from those expectedhance. A rejection of the null hypothesis
indicates the non-random distribution of individui@ue to intraspecific aggregation, resource
partitioning and community saturation.

Furthermore, the beta diversity among reservoirs @stimated by the Sgrensen index. In
this case, the occurrence of species of differantpding units was combined in the occurrence
of species for each reservoir. In addition, theabdiversity was partitioned in a component
related toturnover and nesting as proposed by Baselga (2010), and implementedhby
‘nestedbeta’ function of the ‘vegan’ package (Olesagrt al. 2016). Specifically, this framework
consists of decomposing the pair-wise Sgrensemrdiasty index (total beta diversity) into two
additive components accounting for pure spatiaiduer and nestedness (Leprieur et al. 2011).
Since there probably is spatial autocorrelatiospacies composition, a linear regression of the
beta diversity indices was performed against teemairs’ geographical distance.

Residues of such regression were used to testefaediversity of the reservoirs directly
connected by the watercourse. The basic idea tisftthee simple linear model is appropriate, the
residuals should reflect assumptions such as imdkgpese, constant variance for different levels
of x and normal distribution. In this sense, if thesaaiviolation the use of the model must be
called into question (Korner-Nievergelt et al. 2015

Results

Diatom composition and diversity

The total diatom richness recorded for the phytokian was 190 and 186 species, and
334 and 187 to surface sediments for the conneamtédnon connected systems, respectively.
The species-abundance distribution was charactebgea high percentage of singletons (i.e.
species represented by only one individual) anemadominant species. The studied reservoirs
do not greatly differ regarding its TSI (Fig. 2)ninological variables and chlorophylvalues

measured during the study period at the six regmsraoe summarized in table 1.

70



Non-connected Connected

100 Pr (sim.) 100 Pr {zim.)
g 266 281 027 @ 153 314 0.05
E 75 E T4
5 5
E i w B0 0.07
€4
=} fr
= 25 a 25
i = & 0.01
% 0 0 0.01
E Observed Expected
S A)
W
-
E Non-connected Connected
o
100 - Prisim} 100
=
o o
:E 75 ! fﬁﬂ 5‘ 0.01 § 75
=
O o
@9 | 50 w 50
3 o
b
m .
4= 25 r:?]' 25
=
i 1] ]
Observed Expected Obsened Expected
C) D)
. alfa . beta 1 I:ltua!a 2 Dbeta 3

Figure 2. Total diversity of diatoms in six researgof southwest Brazil, partitioned into alpha
and beta components. Proportions on the right-lsadel of the graph indicate the proportion of
individual-based randomized samples containing rapeeies than the observed sample for each
partition. A low proportion value (e.g. propexp bso< 0.025) indicates that the observed
richness is significantly higher than the expecttj a high proportion value (e.g. propexp >
obs > 0.975) indicates that the observed diversigignificantly lower than the expectedl =
mean species richness per sampling usiit.= beta diversity among sampling units within
reservoirsp2 = beta diversity among reservoirs within afga= beta diversity among seasons.

Additive partitioning

Partitioning ofa andp diversity components was similar both for phytogdan and the
benthic diatom communities. The sample unit compoifalpha 1) in the model was always
greater than expected by chance for both partitgs(p < 0.01, Fig. 2). However, there was less
variation within the reservoir (beta 1) than it Wibbe expected for the null model, revealing that

there was no variation in the diatom community cosifon at this scale (Fig. 2).
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In generg, the largest fraction of the total divers was accounted for kbeta -diversity.

Nevertheless, it is remarkable that for phytoplankton ircascade reservss, vaiation betweel

reservars (beta 2) was n differentfrom whatwould be expectefor the null mode, wherea

the variationamon( reservoirs located at differerivers is significantly higher the it would be

expected fc the null model (Fi. 2). On the other hancvariation betweerclimatic seasons i

greater than would be expected for null model only fo cascade reservis (Fig. 3.

Concernini the Sgrensen indexturnover and needness, all of them weisignificanty

greater among reservoirs without direct onnection by the watercourseexcept for the

nestedness component, which showed lower valuethéosurface sediment in r-connectec

systems and higher values in connected (Fig. 3).
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Discussion

The partitioning of species richness in the resesvstudied showed that richness at the
smallest scale (alpha, within a sample unit) waagr than that expected under the null model
for both phytoplankton and surface sediment diatommunities. This high taxonomic richness
indicates a strong dissimilarity in species comgpmsi Indeed, it has long been known that
tropical communities typically contain disproportaiely more specialized and rare species than
do assemblages at higher latitudes (Klopfer & Mdor 1961, Hubbell 1979, 2008, Brown
2014). In addition, high dispersal (mass-effectayread to greater alpha-diversity since it may
sustain populations that have a negative growth ({@tlliam 1988, Loreau & Mouquet 1999).
This process can be observed in highly connectsigss.

Ecologists have been using the concept of conngcfivr already a number of years as a
critical property in the persistence of spatialiyistured populations (Metzger & Decamps 1997,
Bracken & Croke 2007). Hydrologic connectivitgefisuPringle 2001) is used here in an
ecological context to refer to water-mediated tf@nef matter, energy and/or organisms within
or between elements of the hydrologic cycle (ParZ003, Freeman et al. 2007, Bracken et al.
2013). Highly connected communities (e.g. by hyogatal connections and smaller distance
between habitats) may have lower beta diversity u¢he higher exchange of individuals
between these communities via active and passisperial. In this study, the observed
taxonomic beta 1-diversity (samples within the resi) is actually lower than expected by
chance for both connected and non-connected systbmghis sense, dispersal rates are
obviously a function of the connectivity betweerbitats which, in turn, are dependent upon
geographic distances and the presence of corradatspersal barriers (Ricketts 2001, Verleyen
2009). Then, movements between spatial units ¢gsgersal, migration) act as a homogenizing
force, which tend to reduce the beta diversity congmt, but at the same time it increases the
alpha component because immigration contributemdmtaining local coexistence (Loreau &
Mouquet 1999, Loreau 2000).

Regarding the beta 2-diversity (among reservowsrgity), it was higher than expected by
chance only in non-connected reservoirs. High kel beta-diversity may arise from the
ecological effects of habitat heterogeneity angetisal limitation (Condit et al. 2002, Cotennie
2005, Legendre et al. 2005, Crist et al. 2006). @édwer, enhancement of beta-diversity mostly
occurs because the increasing intraspecific aggoegaincreases differences among
communities in species composition (e.g. speciesotier) but not differences in species
richness (Veech 2005). We believe however, thaaspecific aggregation in this study is not

due to deterministic factors, such as niche diffeadion and competition. It is important to note
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that there was no high dissimilarities regarding mlutrient content and trophic state among the
studied reservoirs (Table 1).

As the evaluated connected systems, communitiésnatiie same reservoir (beta 2) do not
experience any dispersion limitation, and previostsidies have shown that increased
connectivity among local habitats can homogenizecigg composition among localities and
simultaneously decrease components of beta-diyefidarrison 1997, Kneitel & Miller 2003,
Diekoétter et al. 2007). Lopes et al. (2014) obsértleat hydrological connectivity affect the
zooplankton beta diversity by facilitating dispérsatween habitats. This could be explained by
the dominance of just a few species at these scadeslting in the homogenization of the
system. Similarly, in the present study the corewcystems were dominated by only two
speciesSpicaticribra kingstonidohansen, Kociolek & LowandDiscostella stelligeraCleve &
Grunow) Houk & Klee, whose relative abundanceshed@4.5% in some sample units.

The additive partitioning concerning the seasom$a(l3) showed that beta-diversity in the
study area was greater among connected systemseSparnover occurs not only in space but
also in time (e.g. MacArthur & Wilson 1967) and &ions with higher temporal turnover will
accumulate more species within a given time peti@h will locations with lower temporal
turnover (Chalcraft et al. 2004). In addition, s@aturnover should be driven, in part, by
temporal turnover due to the decreased probalafisampling a given species repeatedly when
temporal turnover is high (Steiner & Leibold 20&4egen et al. 2013).

Also, turnover and nestedness components were rhigheon-connected habitats, once
beta-diversity was partially out. Although the éatipresented a smaller contribution, a high
turnover suggests the existence of any barrieelecsve differentiation (Baselga 2010).

In metacommunities, the presence of strong nesssdisea clear indication of coupled
gradients of site environmental characteristics spelcies traits (Ulrich et al. 2009, Ulrich &
Almeida-Neto 2012). In the same way, Wetzel e{2012) found that beta-diversity patterns in
phytoplankton and periphyton at the Negro Riverrbgdaphical basin was mainly caused by the
spatial turnover and a small contribution from edgess. A high nestedness component of beta
diversity was observed only for the true planktospecies, demonstrating the role of different
growth forms in the dispersal ability on beta dsrgr patterns in which dissimilarity is greater in
more vagile organisms.

The diatom assemblage captured in the surface setlineflected the water column
assemblage, except for the nestedness componesitcdrhponent was high only for the surface
sediment, indicating that it is largely formed bgwbset of species that make up the reservoirs

flora, with less evolutionary or ecological diffaet@tion across the basins. The fact that diatom
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assemblage captured in the surface sediment ddesespond exactly in the same way as
phytoplankton may be related to the fact that daieton this habitat have a cumulative effect
through time and space.

Nevertheless, Sgrensen dissimilarity index is ohéhe most used measures due to its
dependence on the proportion of species sharedebatviwo communities and its linear
relationship with Whittaker’s beta (Diserud & @dagh 2007, Baselga 2010).is well known
that this measure incorporates both true spatinbtter and differences in richness (Koleff et al.
2003).

Conclusion

The study revealed that hydrological connectiongewnportant in the community
structuring, suggesting greater dispersal ratesngnhacalities in connected environments. For
conservation purposes, our results suggest a pimieo a large scale, ensuring beta diversity

between sites and conserving total diversity.
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Abstract

We used thalistance decay as a descriptor of the compositioraliation in diatom
communities’ similarity between different habitgfghytoplankton and surface sediment) and
seasons (summer and winter, only for phytoplankiorg geographical gradient of c. 64 km over
six reservoirs located at Southeast Brazil. Weetkstvhether the rates of decay in similarity
changes with distance in tropical biological comntieis, and estimated how much dispersal
(geographic distance) and niche (habitat assoc@tiprocesses explain variation in the diatom
communities. We also evaluate whether the diatoseraklage captured in the surface sediment
reflected the water column assemblage events. mistdecay curves were estimated using linear
regressions. Partial Mantel tests were performedet@mine significance of the relationships
among the biological, environmental and spatialag&ts. Similarity decreased significantly with
distance between habitats and seasons, but reselts not statistically significant for the surface
sediment assemblagesl diatom communities were controlled more by tadidispersal than by

environmental factors probably as a result of thetes-quality and scale of the study area.
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INTRODUCTION

The distance decay of similarity, firstly implemedtby Tobler (1970), consists of the
positive relationship between dispersion limitatiand increase of spatial distances between
surveyed sites. This pattern can be affected byr@mwental characteristics (i.e. extent and grain)
and characteristics of organisms (i.e. body sizedispersal ability). Recently, it was demonstrated
that eutrophication can affect distance—decay ioglships by decreasing turnover rates in
microorganisms (Vilaet al, 2014).

Although there is no consensus, the general assumspthat supports the distance decay of
similarity can be accounted by at least three motusive mechanisms: (i) niche-based processes,
(i) spatial configuration and (iii) neutrality (8onen et al, 2007). The relative role of these
processes determines the strength of distance dac&gological communities and can vary
between different ecosystems and organisms (Baletral, 2013; Nekola and White, 1999;
Soininenet al, 2007).

The distance decay of similarity studies has bgmtied to a wide range of organisms (e.g.
Oliva and Gonzalez, 2005; Qiast al, 2005; Thompson and Townsend, 2006), geographic
gradients (e.g. Astorgat al, 2012; Bahranet al, 2013; Conditet al, 2002), and environments
(e.g. Astorgeet al, 2012; Bahranet al, 2013). Regarding to tropical environments, mostlisti
are based on plant communities, and the discrimimadf the relative importance of environment
and niche-based processes (e.g. Cestl, 2009; Jonegt al, 2006; Tuomistcet al, 2003) from
spatial configuration and dispersal-based ones fmdersenret al, 2010; Normancet al, 2006;
Vormistoet al, 2004) is still considered a challenge (Anderseal, 2010; Endara and Jaramillo,
2011; Palmiottaet al, 2004). Moreover, the degree to which the obseratbms can be applied to
aquatic communities remains unclear (Heztal, 2015).

Regardless whether we can evaluate causes, taabstiecay of similarity provides a simple
descriptor of how biological diversity is distrileat and thus has important consequences on
understanding ecosystem functioning and manageraedtbiodiversity conservation (Legendte
al., 2005; Nekola and White, 1999). In Brazil, resersdiave preponderant ecological, economic
and social roles since they have multiple usesupplyg, irrigation, energy production, recreation,
tourism, transport, flood regulation and others ndisi, 1999). However, the growing
anthropogenic impacts in the last century has dethteats growing to fresh water biodiversity as
well as to the largely “unknown” diversity worldvedFaustincet al, 2016; Strayer and Dudgeon,
2010). Thus, the integrated study of such artifie@systems and the management perspective of

them have a great importance for the country (Hanky Nogueira, 1999).
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Recently, ecological studies have used diatomsmasdel system to investigate determinants
of species distributions and diversity patternst@fgaet al, 2012; Bottinet al, 2014; Vilaret al,
2014; Wetzelet al, 2012). In addition, diatom biogeographical patteiresre been greatly
discussed, supported by the idea that small ongen{¢ess than 1 mm in length) tend to have a
cosmopolitan distribution (Fenchel and Finlay, 20@urrently that view has been questioned with
evidence emerging of the importance of spatialepast (Grenouilleet al, 2008; Heincet al, 2009;
Martiny et al, 2006; Wetzelet al, 2012), widespread diatom endemism (Sakbel, 2001;
Vanormelingeret al, 2008; Vyvermaret al, 2010), and historical constraints of global patteam
regional and local diatom diversity (Vyvermanal, 2007).

Because of diatoms fast response to environmehtaige, they are useful as indicators of
stream water quality (Stevensenal, 1996). Additionally, diatoms (Bacillariophyceaek ayood
indicators of past limnological conditions becatis®y are usually well preserved in lake sediments,
and their remains can be identified at the spelgesl. Hence, they have been widely used to
generate transfer functions enabling reconstruatiblakes, pH (Battarbee, 1984), salinity (Fritz,
1990; Fritzet al, 1991), and lake trophic status (Bennion, 1995).fé&xsmost other groups of
microscopic organisms, however, remarkably litleas yet known about diatom biology, ecology,
and the factors driving diatom species diversitgd geographic distributions (Chepurnev al,
2004; Mann, 1999; Vanormelingen al, 2008).

In this study, we used thdistance decay as a descriptor of the compositisaahtion in
diatom community similarity over six reservoirs (ffoeastern Sdo Paulo, Brazil) between different
habitats (phytoplankton and surface sediment) aeds@ (summer and winter, only for
phytoplankton). Our present purposes are: (i) tluate whether the rates of decay in similarity
changes with distance in tropical biological comitiag; (i) to estimate how much dispersal
(geographic distance) and niche (habitat assonjafiwocesses explain variation in the diatom
communities, and (iii) to evaluate whether the ahatassemblage captured in the surface sediment
reflected the water column assemblage events.

MATERIALS AND METHODS

Study area

The six studied reservoirs are located in soutkeasbao Paulo State (Brazil), covering a
range of latitudes (23°50'35,5"-24°06’33,7”), bitey are restricted in longitude (47°09'25.9"—
47°44'57.2”) (Fig. 1). The altitude of these resers ranges from 17 to 996 m above sea level with
annual mean air temperature of 6—46°C, and rairdlll50-521.5 mm (Votorantim Energia,

personal communication). Cachoeira do Franca, Gachda Fumaca and Serraria reservoirs form

84



a cascade in the same river while the Jurupardo $al Iporanga and Paineiras reservoirs are
located in different rivers (Fig. 1). The areasthé reservoirs vary from 0.42 to 12.7 krwith
water depth of 2.5-35.1 m at the sampled sitedt Baiween 1912 and 1989, the reservoirs were
presently classified from ultraoligotrophic to eaghic according to the Trophic State Index (TSI)
for reservoirs (Lamparelli 2004). They are mainged for power generation, but also for fishing,
fish farming (Jurupard), irrigation and recreatidMotorantim Energia, personal communication).
The area protects a representative Atlantic fomesa of the Atlantic Plateau Paulista, where it is
been recorded a large number of fauna and flon@ctly endangered and endemic species, besides
the new species occurrence records (SMA, 2010).
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Fig. 1. Study area showing the six reservoirs amlpte units.

Environmental variables

Water samples were collected during the australewiand summer of 2014 with a van Dorn
sampler in 20 sampling sites in three differenttdemlong the water column (subsurface, mean
depth and 1 m above the sediments). Temperatude gtCand electrical conductivityu® cni')
were measured in the field at every 50 cm deptln &itmultiparameter probe (Horiba U-53),
whereas water transparency was measured with &iSdisk. The following water variables were
also measured according to Standard Methods (APMAS5): alkalinity, free C®, HCO; and
COs, ammonium (N-NH), nitrate (N-NQ) and nitrite (N-NQ), dissolved oxygen (DO), soluble
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reactive phosphorus (SRP) and total dissolved pgtwsg (TDP), soluble reactive silica (SRS),
total nitrogen (TN) and total phosphorus (TP). Gbpdyll-a concentration corrected for

phaeophytin was measured with 90% ethanol as thenar solvent.

Diatom communities

Phytoplankton diatoms were sampled (winter and serprwith van Dorn sampler, and
samples of each vertical profile were incorporatethe laboratory into a sample of equal volume
from each sampling station. This procedure wasoped in order to represent the planktonic
diatom community as a whole along the vertical ipFoBediment diatoms (top 2 cm) were sampled
only in winter with a gravity core (UWITEC). Smdlbmogenized aliquots from both sediment and
phytoplankton samples were heated to 90°C with eotnated HO, (30%) and hydrochloric acid
(HCI) for at least 4 hr to oxidize the organic reathnd clean the frustules (Battarletel, 2001).
Next, the cleaned material was diluted with deiedizvater and mounted on permanent slides with
Naphrax (IR = 1.74) as mounting medium. Diatomseanavunted on a Zeiss microscope (Imager
A2) at 1000X magnification under oil immersion. R&le abundances were estimated following
the counting technique described by Pappas andrsog1996) with a minimum of 400 valves
counted per slide on up to six random transecti$ naatching an efficiency of at least 90% besides

the species rarefaction curve (Bicudo, 1990).

Data analysis

The similarity of diatom assemblages among sites susmmarized in three matrices, one for
the phytoplanktonic diatom community in each seaaod one for surface sediment diatom
community. All species were included in subsequerdlyses. Within each group, we calculated
assemblage similarity among all site pairs using Bray—Curtis coefficient. Bray—Curtis is
appropriate for the analysis of abundance and poegabsence information of species because it
ignores variables that have zeros for both obj§oist absences; Endara and Jaramillo, 2010).
Subsequently, we calculated a distance matrixifondlogical variables, using the Gower metric,
which is appropriate for heterogeneous data singgeis range normalization.

Finally, a third matrix with spatial (geographic)sthnces between sampling points was
computed using the Vicenty (1975) algorithm. Thiatrenship between floristic, limnological and
geographical distances was explored using regmessioalysis, testing linear, exponential,
logarithmic, quadratic and Gaussian functions, tredbest-fit model was chosen based éraftd
AIC values.

Statistical analyzes were carried out with PASTsuar 3.14 (Hammeet al, 2001).
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Distance decay can be expressed as a rate equival¢éme slope of the linear regression
between community similarity and either environnaéntlistance (reflecting niche-mediated
processes) or geographical distance (reflectingedssal mediated processes; Astoegaal, 2012;
Martiny et al, 2006; Tuomistoet al, 2012; Vilar et al, 2014). The latter also provides a
measurement of spatial autocorrelation (Shetiral, 2009) although the slope of the distance—
decay relationship alone is a poor indicator ofcggse spatial turnover (gs-diversity) and total

species richness in a landscapeyfdiversity) (Morlonet al, 2008).

RESULTS

Diatom Composition and Diversity

Within the phytoplankton assemblages, 186 taxa videatified during summer and 125
during the winter surveys, whereas 333 taxa wegatified in the surface sediment samples. The
most species-rich genera wekelacoseiral hwaites,AchnanthidiunKitzingandDiscostellaHouk
and Klee.

The species-abundance distribution was charactebye high percentage of singletons (i.e.,
species represented by one individual) and a femimknt species. The dominant species were
Discostella stelligera(Cleve and Grunow) Houk and Kle&picaticribra kingstoniiJohansen,
Kociolek and Loweand Aulacoseira tenelldNygaard) Simonsen present in all 20 sites sampled,

often with abundances above 50%.

Distance-Decay Relationships
Limnological variables and chlorophyll-a values swa&d during the study period at the six

reservoirs are summarized in Tab. 1.

Tab. 1. Means (and standard deviation) of abicdicables in the six studied reservoifie other
variables were eliminated because of collineamtpbreviations: Sec (Secchi depth; m), Temp
(Temperature; °C), Cond (ConductivityS cm?), Alk (Alkalinity; mEq L%, DO (Dissolved
oxygen; mg [Y), TN (Total nitrogenpg L™), TP (Total phosphorusg L™), SRS (Soluble reactive
silica; mg L), Chlo (Chlorophyll-apg L™). FR (Cachoeira do Franca), FU (Cachoeira da Fajnag
SE (Serraria), JP (Jurupara), Sl (Salto do Iporgrigha(Paineiras). Numbers refer to the sample

units.
Sec Temp pH Cond Alk DO TN TP SRS Chlo
FR1 1.7#8,5 23.1+6.8 7.33t0.9 24.5%0 0.2#0 7.5%0 15169 5.5+2.2 24+1.3 5.4#48
FR2 1.9+0. 24.2#8.1 7.3¥1.3 24%0 0.2+0 7.43+0.9 1918+4 10.0+7.5 2.39%1.2 4.12+2

FR3 1.7+0 24.1+8.3 7.9+0.6 23.5+21 0.240 7.3+1.6 232122 6.6+3.7 2.3x1.4 20.2+26.5
FR4 1.7+0.1 24.0£7.9 8.6x0.6 24.5+35 0.2+0 8.2+1.6 .28053.7 6.8+#25 2.2+1.3 22.8+29.7
FU1L 2.6%1.7 24.847.3 6.5%0 26.5+0.7 0240 6.9+2.2 228%7 5.1+1.6 2.5#1 1.7+0.4
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FU2
FU3
SE1l
SE2
SE3
JP1
JP2
JP3
JP4
Si1
SI2
SI3
PI1
PI2
PI3

2.8+1.5
2.1+0.3
4.0+1.8
3.7+1.4
42+1.4
1.5+0.8
1.9+0.4
2.2+0.2
2.1+0.4
1.5+0.2
1.9+0.4
1.7+0.6
0.7+0.7
1.3+0.5
1.3+0.3

24.3+7

24.8+6.4
26.3£7.2
26.2+7

25.646.2
24.1+6.7
24.616.5
25.446.9
25.0£7.1
24.0£2.6
23.7£2.7
23.6+2.7
22.5+6.4
22.7+6.3
23.1+6.1

6.8+0.7
6.6+0

7.4+1.1
7.3+0.6
6.6+0.2
6.4+1.3
6.6+0.1
6.6+0.1
6.8+0.2
8.0+2.1
7.842

7.9+2.1
6.7+0.4
6.9+0.6
7.1+0.5

26.0+2.8
26.0£1.4
21.0£9.9
25.0+2.8
28.5+2.1
24.0+2.8
23.5+3.5
24.0+2.8
23.5£3.5
50.0+9.9
43.5+7.8
43.0+11.3
39.0+2.8
38.5+2.1
38.0+2.8

0.2+0
0.2+0
0.2+0
0.2+0
0.2+0
0.2+0
0.2+0
0.2+0
0.2+0
0.3+0
0.3+0
0.3+0
0.3+0
0.3+0
0.3+0

8.3+0.5
7.5+0.1
8.3t14
7.9+0.4
7.5+1.2
7.8+0.8
6.7+1.3
7.5+0.3
7.1+1.1
6.7+1.9
6.2+2.9
7.4+2.2
6.6+0.3
6.3+0.2
6.4+0.3

1¥6651
18017
.3864.1
17807
.02647.7
.3639.4
.835201.4
.358.2
.43403.8
.891543.2
31334
4.3822.4
.81019.3
.25858.4
.28918.8

8.4+2.1
5.8+2.7
8.1+2.9
8.0+1.5
8.5+3.7
19.5+4.2
16.6+0.3
13.5+0.7
13.3+1.9
32.1+3.7
23.1+1.5
25.6+3.8
20.3+0.3
16.2+0.4
16.3+2

2.4%1
2.3%1
4.4+1.2
3.9+1.5
3.6+1.5
3.9+0.3
3.8+0.3
3.7+0.3
4.0+0
5.1+1.6
4.9+0.7
4.1+15
4.6+0.4
4.6+0.8
4.5+0.8

3.4+1.1
3.3+2.3
1.8+0.7
4.6+2.2
7.6+0.7
16.8+1.8
10.1+0.7
7.1+¥1.2
6.6+3.7
36.7+£37.6
17.4+15.3
36.8+44
9.8+5.7
6.9+2.7
4.8+3.1

In all data sets studied, the similarity among $ld¢clined with increasing distance between

them (Fig. 2). Regression slopes between envirotahes. geographical distance and also between

similarity vs. environmental distance were stataty significant for phytoplankton in both seasons

(summer and winterP < 0.001) and surface sedimer® € 0.001) (Fig. 2). For community

similarity vs. geographical distance relationshipsnover showed significant differences between

phytoplankton (summeP < 0.0006, winterP < 0.0001) and surface sediment diatom communities

(P < 0.1033) (Tab. 2). There were differences in ahigimilarity (i.e. the similarity at 1 km

distance) among habitats. Whereas phytoplanktommentunities showed a high initial similarity,

the surface sediment showed a low initial simijavis. geographic distance.
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Fig. 2. Relationship between environmental distaf@Gewer) vs. geographical distance (m),
geographical distance vs. community similarity (B+f@urtis) and community similarity vs.
environmental distance and for diatom communitiasng) the (a) winter, (b) summer and (c)

surface sediment diatom communities.
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Tab. 2. Regression statistics for the decay oflanity with distance for environmental distance vs.
community similarity, environmental distance vsogephical distance and geographical distance
vs. community similarity relationships for phytopkaonic (summer and winter) and surface

sediment diatom data sets.

Environmental distance + Community similarity

r2 P Intercept Slope
Summer 0.32865 0.0001 0.84117 -1.1425
Winter 0.26415 0.0001 0.78018 -0.54295
Surface sediment  0.10404 0.0001 0.76859 -2.32E-01
Environmental distance + Geographical distance
Summer 0.4124 0.0001 0.17509 4.69E-06
Winter 0.56223 0.0001 0.12826 6.84E-06
Surface sediment  0.45889 0.0001 0.15608 5.39E-06
Geographical distance + Community similarity
Summer 0.069257 0.0006 0.59698 -3.83E-06
Winter 0.14219 0.0001 0.70823 -3.63E-06
Surface sediment  0.014066 0.1033 0.71585 -6.79E-07

The highest rate of environmental turnover (meab@® the slope of the regressions) was
observed for the phytoplankton during the summéeneas the highest rate of spatial turnover was
observed for the surface sediment, but this relatigpp was not significant.

However, Mantel tests confirmed the variation imgositional dissimilarity is consistently
much better explained by geographic distance thaertvironmental distance for phytoplankton
(summer:P < 0.005599, winterP < 0.0009998) but not for the surface sediment (BbThese
results are in accordance to dispersal theorys Important to note that environmental variables

were not correlated to geographic distances.

Tab. 3. Partial Mantel correlations) @nd P-values between community similarity (Bray—Curtis)
and environmental distance controlling for geogreglh distance and vice versa, for

phytoplanktonic (summer and winter) and surfacensedt diatom communities.

Environmental + Environmental + Geographical distance
Community Geographical + Community
distance
r P r P r P
Summer 0.02022 0.2803 0.1018 0.1598 0.2632 0.005599
Winter 0.1501 0.12 0.1785  0.03819 0.3771 0.0009998

Surface sediment  0.1647 0.1418 0.1594  0.04739 0.1186 0.1102

DISCUSSION
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Traditionally, microbial biogeographical patternere assumed to follow the Baas-Becking
hypothesis, which predicts that ‘everything is gwdrere but, the environment selects’ (Baas-
Becking, 1934), that is, microorganisms are nopelisal limited and the resulting microbial
community is shaped by the local environment (Hazdral, 2013). Indeed, studies on diatoms
have long focused on local environmental factargsesthe distribution of diatom species has been
considered cosmopolitan. However, the effect ofiomg factors on the structure of local
communities (e.g. Hubbell, 2001) is now acknowlatigad the role of historical, biogeographical,
and evolutionary aspects were underlined (Mann91$®ininenet al, 2004). Our results agree
with recent studies where communities were strosghtially structured suggesting some degree of
dispersal limitation. This view support not onlycéd niche-based processes, but also neutrality
(Soininenet al, 2007). Because of dispersal limitation, there igradual turnover in regional
species pools between distant areas. Adding to biddic communities in reservoirs and other
lentic habitats may be more spatially structurechibse of the lesser degree of exchange of settlers
between localities.

The study of the relationships between floristiepgraphic and environmental distances is a
classic paradigm of ecology (Hubbell, 2001); aldplouts application in microbial communities is
scarce. Linear regressions provide a direct estiroatthe rate of distance decay and the rate of
composition change through space (Nekola and Whi#©9). A progressive distance-decay in
floristic similarity generally indicates a limitath in the dispersive capacity of the species (e.qg.
Costaet al, 2009; Tuomistcet al, 2003). This limitation is especially intense in quex and
fragmented habitats (Eiserhagdtal, 2011), and is observed mainly at short distancestéet al,
2009; Endara & Jaramillo 2011; Normaeidal, 2006).

Specifically for diatoms, Wetzeit al.(2012) provided evidences of high species turnaver
biogeographical patterns in Neotropical communitiesvhich the highest initial similarity (i.e.,
lowest small-scale beta diversity) for true plamktospecies (intercept: 0.78) with the expectation
of high dispersal abilities (as assumed for trumnklonic algae) tend to homogenize communities
and to reduce beta diversity in small spatial scaldigh initial similarity was also presently
observed for the phytoplanktonic communities. le ttase of the surface sediment, it may be
related to its degree of temporal integration, tptsviding a longer interval for the immigration,
emigration and colonization of taxa than do watman samples, assemblages within surface
sediment would be more strongly explained by emvitental gradients (Winegardnetral, 2015).
Also, lower initial similarities are generally réda to stronger environmental gradients (Soinieen
al., 2007).

A positive relationship between floristic and gemghrical distances, and the lack of
correlation between these and the environmentallasitg, confirm that there are effective
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dispersive limitations in the study area. Withise®voir plankton communities, species migration
may have a significant impact on local floristicrgmosition, which is influenced by the ability to
disperse exhibited by different species. In oudgtwalthough many species currently identified
have characteristics of benthic habit, no staafificsignificant difference was observed when
compared to diatoms with a characteristic of phigiektonic habit. For the surface sediment, the
distribution pattern of diatom abundance in thersedt samples was similar to the water column.
However, the sediment record not necessarily refte¢he water column characteristics (not
statistically significant results). Diatoms frometsurface sediment usually represent 1-2 years of
deposition (Smol, 2008). As a result, the commudigs not respond to the same conditions from
the moment that phytoplankton communities were $adnpMoreover, diatom communities for
both habitats were characterized by a small nurabdominant (relative abundance > 50%) and a
large number of rare species. Rarer taxa may be susceptible to dispersal limitation, because
the number of chances for a propagule to traveing distance and establish a new population is
reduced (Martinyet al, 2011).

Besides this, the amplitude of environmental gnatdiehas been shown to be an important
factor in determining the relative contributionsesfvironmental and geographical components to
community structure (Costt al, 2008). As the degree of eutrophication decreased,ommental
factors became less important in explaining charnigediatom turnover while spatial factors
imposed a more prominent signature on community position (Vilar et al, 2014). The
limnological characteristics of the reservoirs gade low anthropogenic impact conditions. Also,
the low nutrient concentrations in its dissolvednie are characteristic of oligotrophic and
mesotrophic environments, as well as nitrogen aotdl tphosphorus values. This finding is
supported by the presence of species sudk. &snella typically associated with oligotrophic and
oligo-mesotrophic Brazilian reservoirs (Bicuebal, 2016),S. kingstoniirecorded in environments
characterized by high temperatures and low condtictfLudwig et al, 2008), andD. stelligera
widely recorded in oligotrophic environments in Sdaulo State reservoirs (AcquaSed Project
data). Changes in abundance of the latter speaiss lbeen recently associated to warming across
lakes within regions of North America (Boedf al., 2016).

Finally, studies involving fungal communities shalnhat the distance from the equator and
the sampling area were the main determinants ofetttent of distance decay, and the rate of
distance decay was greater in tropical comparewtotropical ecosystems (Bahranal, 2013).
Tropical countries have more species of most téea temperate ones, and small areas in the
tropics have a smaller multiple of the number adcsps than small temperate areas. Where many
species are present, abundances tend to be moaé ath geographic distributions more spotty
(MacArthur, 1969).
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CONCLUSIONS
The findings of the present study support thatdbeay of community similarity should be

particularly strong at short spatial distanceseneining patterns in diatom metacommunities from
the studied reservoirs. Diatoms on surface sedimesgond similarly to the results observed in
water column, but results were not statisticallyngicant. This is probably due to the integrative
character of the sediment, which accumulates 1 yea®s of reservoir events rather than a single
season. Also, processes in nature are scale-depteadd dispersal limitation may be more
important at small scales (< 100 km). Besides this,non-impacted study-area may be considered
an important factor in determining the relative trinutions geographical components to the diatom

Community structure.
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ABSTRACT

We compared planktonic diatom data sets with dfferrarity categories to verify their
responses in the weighted average (WA) approachdd o, forty diatom-training sets were
developed for six reservoirs located at two diffeéreasins in Southwest Sao Paulo, Brazil. A total
of 339 diatom taxa were identified and differentdels were constructed based on their relative
abundances>(1%, >2%, >5%), occurrence frequenciesl®o, >2%, >5%) besides the data set with
no species deletions (all species). Furthermordimopn and tolerance of each taxon were
estimated with the WA formula (Zelinka-Marvan weligth averages) according to their abundance
in the samples and the pH in the data sets usedeiothe environmental conditions based on the
sample taxonomic composition. We repeated the poeefirst with the complete dataset and then
downweighting taxa according to their rarity categ®. The predicted pH and measured pH values
were compared via regression analysis. The eff#fcépecies deletions on the predictive ability of
the different models were estimated in terms ofdbefficient of determination values’)of the
response curves. Manipulation of the different da&is significantly influenced the performance of
the WA models. Contrary to expectations, by takittg account the’rvalues, downweighting rare
taxa affected negatively the transference functidiswever, deleting non-abundant taxa (for
relative abundancel% and occurrence frequene2%, >5%) had a positive effect gm values,
providing a robust reconstructive relationship. Wnerk contributes to a better understanding of
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diatom ecology especially diatoms from tropicakresirs, supporting the development of a diatom

biological monitoring protocol for the study area.

Keywordsbiological indicatoy Gaussian curvesptimum, tolerance, pH

Introduction

Freshwater ecosystems support unique and complebogecal communities and have a
critical role as a human resource. For this reasoologists are often asked to assess or mongor th
"health", "status" or "condition" of these ecosystg(Bailey et al., 2004).

The application of algae in the environmental sssent of aquatic habitats, particularly
lakes and streams, has been well-documented (Bindgt Smol, 1994; Stevenson et al., 1999;
Weilhoefer and Pan, 2006). Among algae, diatomse hagen widely used in water quality
monitoring worldwide over the past 50 years (Rout@b1). Their short life cycle, in conjunction
with the narrow ecological tolerances of many tarakes them useful water condition indicators
(Dixit et al., 1992; Charles and Smol, 1994). Idiidn, their siliceous frustules are preserved in
sediments and can provide information about pasir@mments (Moser et al., 1996; Smol and
Glew, 1992).

Indices of water quality using diatoms are consgdeo provide more precise data compared
to chemical and zoological assessment methods€taer11988; Omar 2010). However, the choice
of a bioindicator group must satisfy certain crdersuch as that each taxon can be identified
without equivocation (Céspedes-Vargas et al., 2@k, 1991). Generally, diatom indicators are
calculated based on a weighted-averaging (WA) madglg relative abundances of all taxa in a
sample of a site and the autecological parametkitheotaxa (Stevenson et al.,, 1999). These
parameters can be used to predict values of amgnganvironmental variable based on species
composition, simply by averaging the indicator easwf species that are present (Ellenberg, 1979;
Ter Braak and Looman, 1986).

However, whether the goodness of WA -based estimsitdepends on (1) the shape of the
response curves, (2) the definition of each indicatalue, and (3) the distribution of the indicator
values along the environmental variable (Ter Breia&l., 1986)Nevertheless, the WA approach is
considered mathematically very simple and easynttetstand. Noteworthy, it has been shown to
be equal to or better than other commonly appliethods and is routinely used in environmental
paleolimnological reconstructions (Hamaldinen, 206@r example, for rare species (species with
low maximum probability of occurrence and/or narrimerance), WA demonstrated to be nearly as

efficient as Gaussian logistic regression (GLRomanf of the generalized linear model which fits a
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Gaussian-like species response curve to presersesad data) in most situations (Ter Braak et al.,
1986).

Rare species represent the vast majority of theispen an assemblage (Alahuhta et al.,
2014; Gaston, 1994; Gillet et al., 2011; Hessen WAfadseng, 2008; Kunin and Gaston, 1997;
Marchant et al., 1997; Mouillot et al., 2013). Howe they are frequently neglected in statistical
analyses by setting relative abundance or occuereriteria prior to the application of a species-
based transfer function because their optimal mayuibcertain (Bellen et al., 2017). Recently,
studies linking rarity to bioassessment have prothed the number of diatoms in some rarity
categories can be useful as an indicator of hunmstortance in streams and rivers, especially in
mountain ecoregions (e.g. Gillet et al., 2011; Pota and Charles, 2004). However, little has been
published addressing tropical environments.

In Brazil, most studies on diatoms as a bioassessinool have been developed in the
southern region of the country (e.g. Dupont et20Q7; Hermany et al., 2006; Lobo et al., 2004a,
2004b, 2004c, 2004d; Lobo et al., 2006; Salomoiil.e2005; Torgan and Aguiar, 1974). Most of
these works have been carried out in lotic systeitts few studies concentrating on reservoirs. In
Séao Paulo State, the WA regression and calibratidrenthic diatom assemblages was applied by
Bere and Tundisi (2010) to assess the importanasooductivity and pH in structuring benthic
diatom communities in streams influenced by urbahupon (S&o Carlos city, Sdo Paulo State,
Brazil). Specifically for reservoirs, diatom resgais mostly linked to the AcquaSed project (Base
line diagnosis and reconstruction of anthropogénjgacts in the Guarapiranga Reservoir, focusing
on the sustainability in water supply and waterliggiananagement in reservoirs of the Alto Tieté
and surrounding basins, e.g. Zorzal-Almeida e®281,7), which aims to further create an inferential
model based on the quantitative distribution oftalia species in water and recent sediments.
Brazilian reservoirs have a predominant ecologieabnomic and social role; in this regard, the
integrated studies of such artificial ecosysterssyall as the perspective of their management are
of great importance (Henry and Nogueira, 1999).

In this study, we compared diatom datasets witteidift rarity categories in terms of relative
abundances and occurrence frequencies, to vegfpenformance of a WA calibration of water pH.
The pH concentration is considered a limiting fadty the colonization of aquatic ecosystems by
different organisms (Esteves, 1988). This enviromiaevariable is often a major factor influencing
species composition of diatom assemblages in fraswBattarbee, 1980; Findlay and Shearer,
1992; Round, 1964). In addition, it has demonstratstrong relationship with diatom distributions
(e.g. Birks et al., 1990; Dixit et al., 1992; Wetks et al., 1997). For this, we used a training se
composed of forty phytoplanctonic diatom samplesifisix reservoirs located at the Southwest Sao
Paulo (Brazil). The correlationjrvalues of the observed-expected values resdititige different
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models tested were used to evaluate their relatigeision. We expect that, by downweighting rare
taxa in the WA formula (Zelinka-Marvan weighted eages), more accurate models can be
obtained. Since the choice of various cutoff cidtanay affect the predictive abilities of different
models (Wilson et al., 1996), we hypothesize thgtdownweighting taxa according to their rarity
categories, an approximately proportional incréasS&A model performance (e.g. increases)n r
can be obtained. The underlying assumption is WAt models are unable to characterize the
optima and tolerances for taxa with low occureneesl that overall model performance may be

improved by overriding them (Payne et al., 2006).

Material and Methods
Study area and field work

The six studied reservoirs are located in two d#if¢ basins: Ribeira do Iguape/Litoral Sul
and Alto Paranapanema. We selected the trophie stdex (TSI) of Lamparelli (2004), based on
Chlorophylla (Chlo-a) and total phosphorous (TP) values as a quanttatieasure of reservoirs
trophic state. According to the TSI and currentlgasurements, the reservoirs were considered
mostly oligotrophic and mesotrophic (Table 1). Pmankton and water were sampled during
austral summer and winter in 2014 with a van Doatewsampler along a vertical profile from 20
sampling sites distributed along the reservoirse TiH environmental parameter data for the
training set was measured in the field concurremtith the phytoplankton sampling with a
multiparameter probe (Horiba U-53). This environtaémparameter showed a strong significant
correlation during stepwise selection in a CCA iat@m assemblages with environmental variables
in the study area (Marquardt et al. unpublishedusaript) and was considered a relevant variable
from our dataset, with a relatively long gradief® analysis followed Standard Methods (APHA,
2005). Chla, corrected for phaeophytin, was extracted usirig @fhanol (Sartory and Grobbelaar,
1984) (Table 1). Details of the study area and rothi@rmation of the limnological variables are

given by Marquardt et al. “...").

Table 1. Means and standard deviation of abioticialbbées in the six studied reservoirs.
Abbreviations: Sec (Secchi depth), pH, TP (Totadg@ghorus), Chlo (Chlorophyll-a), TSI (Trophic
State Index). FR (Cachoeira do Franca), FU (Cachak Fumaca), SE (Serraria), JP (Jurupard), Sl

(Salto do Iporanga), PI (Paineiras). Numbers refesample units.
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TSI (Anual

Sec pH TP Chlo Mean)

FR1 1.7+8.5 7.3+0.95.5+2.2 5.4+4.8 Oligotrophic
FR2 1.9+0.2 7.3+1.3 10.0+7.5 4.12+2 Oligotrophic
FR3 1.7+0.005 7.9+0.6 6.6+3.7 20.2+26.5 Oligotrophic
FR4 1.7+0.1 8.610.6 6.8+2.5 22.8+29.7 Oligotrophic
FU1 2.6£1.7 6.5x0 51+1.6 1.7+04 Ultraoligotrophic
FU2 2.8+1.5 6.8+0.7 8.4+2.1 3.4+1.1 Oligotrophic
FU3 2.1+0.3 6.6+0.4 5.842.7 3.3+2.3 Oligotrophic
SE1 4.0+1.8 7.4+1.1 8.1+2.9 1.8+0.7 Oligotrophic
SE2 3.7+1.4 7.3£0.6 8.0£1.5 4.6%x2.2 Oligotrophic
SE3 4.2+1.4 6.6+0.2 8.5£3.7 7.6+0.7 Oligotrophic
JP1 1.5+0.8 6.4+1.319.5+4.2 16.8+1.8 Mesotrophic
JP2 1.9+0.4 6.6+0.116.6+0.3 10.1+0.7  Mesotrophic
JP3 2.2+0.2 6.6+0.113.5+0.7 7.1+1.2 Mesotrophic
JP4  2.1+0.4 6.8+0.213.3+1.9 6.6%3.7 Oligotrophic
SI1  1.5+0.2 8.0+2.1 32.1+3.7 36.7+37.6 Mesotrophic
SI2  1.9+04 7.8+2 23.1+1.517.4+£15.3 Mesotrophic
SI3  1.7x0.6 7.9+2.1 25.6+3.8 36.8+44 Mesotrophic
PI1  0.7£0.7 6.7+0.4 20.3£0.3 9.845.7 Mesotrophic
PI2 1.3+05 6.9+0.6 16.2+0.4 6.9+2.7 Mesotrophic
PI3  1.3+0.3 7.1+0.5 16.3t2  4.8+3.1 Oligotrophic

Diatom sample preparation and analysis

Diatom samples were prepared according to Battaebed (2001). The procedure involved
hot digestion using hydrogen peroxide;@) and HCI (37%). Through a series of dilutions, the
peroxide and acid were removed. Subsequently,aimples were dried onto cover glass, mounted
in Naphrax™ (R.l. = 1.74) and examined with a Zeiss Axio Image@rlight microscope equipped
with DIC and a digital camera model AxioCamMR5. &tal of 400 diatom valves were counted
along random transects at 1000x magnification éBa#e, 1986) and a minimum sampling
efficiency of 90% (Pappas and Stoermer, 1996). ipeabundances were calculated and expressed
as a percentage of the total diatom counts in eachple. Taxa were identified to the lowest
taxonomic level possible based on diatom checklisggecific manuscripts, iconographs (e.g.
Krammer, 2000; Lange-Bertalot et al., 2011; Metne#it al., 2005) and the on-line catalogue of
valid names (site of California Academy of Scienc2811). Frequent meetings and discussions
including invited diatom taxonomy experts enabledhigh level of agreement in diatom

identification.

Weighted averaging regression and calibration
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Diatom taxa were derived from data collected as @lathe AcquaSed project, based upon 40
samples, referred here as training set.

In order to assess the effect of the exclusioraod taxa on the WA models, we developed
several rarity aggregation scenarios ranging frleendomplete data set (all species), in which there
was no deletion criterion, to three rarity categserestablished according to the relative abundances
(>1%, >2% or >5% of the whole dataset) and three categories lettal according to their
occurrence frequencies (presenti®,>2% or>5% of the samples).

Subsequently, optimal values and species toleragioceH were calculated using the WA
approach based on Gaussian response curves dfTeix8rack and van Dam, 1989), in which the
value of each environmental variable is weightagda on their abundance in samples and the pH
in the dataset (Lep$ and Smilauer, 2003) (regnesstiep). Although alternative unimodal response
curves could be fitted, a Gaussian model represestsmpromise between ecological realism and
simplicity (Ter Braak and van Dam, 1989, Holdemlet2008).

In order to facilitate more direct comparisons lbé ttaxa tolerances to the reservoir pH,
tolerance ranges of the taxa were reescaled wdahi1l range, these values representing the
broadest and narrowest tolerances, respectivesgrebd within the dataset:

Sto] = X — min/max — min

Then, the computed taxon autecological parametere wsed to back-calculate pH values

based on the taxonomic composition of the sampiegube Zelinka-Marvan WA formula (for each

sampling station; calibration step):

pH=ZA.S.V/ZA.V

where the index pH value corresponds to the medmevaf the optimum (S) weighted by

amplitude (A) and ecological tolerance,()S

We repeated the procedure first with the comptiitaset and then downweighting taxa
according to their rarity categories (see abova)ceéDwe had all the predicted pH values, we
compared them with the measured pH values via segme analysis. The effects of species
deletions on the predictive abilility of the difeat models were assessed in terms of squared
correlation (f) values of the observed-expected values.

All analyses were implemented with PAST Versiod3(HHammer et al., 2001). Results are

given in table 2.

Table 2. Comparative performance among predictiodats data sets based on relative abundance
and occurrence frequency produced by regressiotysamaof the predicted and measured pH

values.
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Relative abundance Occurrence frequency

Correlation Exp "All Exp Exp > Exp > Exp>1% Exp>2% Exp>5%
species" >1% 2% 5%

r: 0.35 0.29 0.23 0.24 0.19 0.28 0.28

r2: 0.12 0.08 0.05 0.06 0.03 0.08 0.08

t: 2.37 1.87 1.50 1.59 1.19 1.84 1.83

p (uncorr.): 0.02 0.06 0.13 0.11 0.23 0.07 0.07

Permutation p: 0.02 0.06 0.13 0.11 0.23 0.07 0.07

Results and discussion

Composition of diatom assemblages

In total, we identified 339 species representingy®tera. Samples were dominated by centric
taxa, occurring in almost all the sites samplegeemlly Discostella stelligerdCleve and Grunow)
Houk and KleeAulacoseira tenell§Nygaard) Simonsen ar@picaticribra kingstonid.R.Johansen,
Kociolek and R.L.Lowe. Within the study area, thebbundance were correlated with the Secchi
vector, being considered as indicators of oligdtiopconditions (Marquardt et al., unpublished

manuscript).

Species response curves

Most sites were acid to slightly alkaline, with pidlues ranging between 5.2 and 7.8 (see
table 1). We found that most diatoms exhibited swtnimal, unimodal (bell-shaped) response

curves against this variable (Fig. 1), thus makiwg a reliable model to infer pH values.
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Fig. 1. Probability of occurrence of some contrasting sggedn relation to pH in the six studied
reservoirs, as fitted with logistic regression. Theves can be identified by the code near their
optimum indicated by dotted lines. The species nged in order of their optima are:
Achnanthidiumsp.1 (Acsp);Aulacoseira ambigugAAMB); A. granulata (AUGA); A. pusilla
(AUPU), Aulacoseira tenella(AUTL); Discostella stelligera(DSTE) e Spicaticribra kingstonii
(SKIN).
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Considering relative abundances, the number of taxe@ch model declined from 339 in 1
“all species” data set, with no deletion criteritm,56 taxa where the deletion criterion v> 1%,
36 when the deletion criterion w> 2% and 16 taxa where theletion criterion wa> 5%, . Wher
the deletion criterion was based on occurrenceuéeges, the number of taxa in each me
declined from 61, 50 and to 12 taxa where the weletriterion was> 1%, > 2% and> 5%,
respectively

The regression modelsere significantp < 0.07) except for2% (p 0.11) anc>5% (p=0.11)
data sets based on relative abundances and fomdel >1% based on occurrence freque
(p=0.23). On the other hand, the removal of rare thwen the 40 diatom training set si
accoding to occurrence frequencies improved the perdmoe of the WA models significantly a

the p values decreased from 0.2>1%) to 0.07 ¥2%, >5%) (Table 2). However, the model tl

retained all taxa had the low¢p (0.02) and r? (0.12) values (Fig. -G; Table 2]
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Fig. 2. Observed vs. expected pH in the different data based on the data set with no species
deletions (A: all species), relative abundanceg1Bi, C>2%, D>5%) and occurrence frequencies
(E:>1%, F:>2%, G:>5%).

Discussion

Gradient analytical weighted averaging (WA) regi@ssand calibration modelling (and
related techniques) have recently been developedafml successfully applied to historical
monitoring of lakes, or used to infer past enviremtal conditions from the remains of different
organisms (Hamalainen, 2000). In this regard, araludata treatment is the exclusion of species
that occur in only a small number of samples assgrthiat the model will be inadequately able to
characterize the optima and tolerances of speta&otcur only a few times, and that overall model
performance may be improved by eliminating theny(iezet al., 2005).

Singular observations (singletons, taxa occuringnly one sample) often occur in ecological
series. In nature, singletons are the result ofl@amfluctuations, migrations, or local changes in
external forcing. In an aquatic system studied &ked location... such changes may be due to
temporary movements of water masses. Singletons afsy result from improper sampling or

inadequate preservation of specimens (Legendréegendre, 1998).
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It has been observed that taxa deletion in chiroddrased inference models substantially
improved the predictive ability of inference modéieeasured as RMSEP, Martens and Naes,
1989). The common practice of including taxa wittyo> 2% abundance in at least two lakes was
one of the deletion criteria that much improvecerehce models. Similar deletion criteria, such as
> 2% in at least 3 lakes and3% in at least 1 lake, produced comparable imprergs (up to 18%
reduction in RMSEP) (Quinlan and Smol, 2001).

In the same way, Payne et al. (2006) developedfeafunction models based on different
techniques, including weighted averaging, to inges¢ testate amoebae ecology for southern
Alaska. Results showed that model performance wgsaved by selective taxa exclusion. The
relatively poor model performance compared withvimgs studies was explained by the limitations
of one-off water-table measurements, the very lamgronmental gradients covered and by recent
climate change in the study area.

Our findings partially disagree the above-mentiosedlies: Our observed "all taxa" datgset
value is lower than in other cut-offs, suggestimgt this model could have the best performance. In
this way, removing rare taxa was counterproducive the developed transfer function models by
removing rare taxa actually reduced the model pevdoces. This result corroborate those of
Wilson et al. (1996) and Birks (1994), in whichtdm and pollen pH calibration datasets, as well
as in other data sets, the lowest prediction (nredsim terms of RMSE,, ) always occurs in WA
regression and calibration prior to deletion ofataon the basis of their effective number of
occurrences. Birks (1994) also emphasizes thatattgest prediction errors occur when only the
commonest and numerically most abundant taxa ateded in the WA regression and calibration.
According to Wilson et al. (1994), the effects pésies deletions and dataset size on the predictive
ability of the models emphasizes the value of ingirsets with a large number of taxa to develop
transfer functions with robust and reliable estesatf species optima and tolerances.

The ability of diatom-based metrics to infer nemrtis increasing through extension of the
dataset was also demonstrated by Philibert et280§). Presumably, even the estimated WA
optima of very rare taxa (their absences are ighameWA regression) are contributing to some
ecological "signal" to the calibration, rather thas might be expected, having no effect or even
having deleterious effects by introducing "noiggbithe calibration (Birks, 1994).

On the other hand, in a transfer function trainseg there is a tendency of nearby sampling
locations to resemble floristically one another endhan randomly selected sites with similar
species assemblages and environmental conditibisspossibly resulting in inappropriate model
choice, and misleading and over-optimistic estimatea transfer function’s performance (Telford
and Birks 2009). Nevertheless, the WA-based moHelse demonstrated to be more robust to
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spatial autocorrelation than other model types ppliad foraminifera-based studies based on a
unimodal species-environment response (Amesbual,e2013; Telford and Birks, 2005).

Our results differed considerably between abundéased and occurrence -based cutoff
criteria. Despite the latter models led to enhanicddrence performance, the removal of taxa
occuring in <1% of sampling stations did not imprahe model performance. The opposite was
observed for the <1% model on relative abundaroethis cutoff, the rare taxa are probably still
restricted to very few samples, and their optimalynibe uncertain, with little impact on the
predictive ability of the model. On the other hatite cutoffs based on relative abundane@84
and>5%) may have selected only widespread taxa, comsid® have wide tolerances and, thus,
considered bad indicators, leading to unreliableirenmental inferences. The incorporation of
abundance data in biotic indices can bias accueany reduce precision in two ways, e.g.
numerically dominant taxa can skew the result ia threction of their indicator scores, and
presence/absence data or strongly transformed ahoesd can skew the result in favor of rare taxa
by assigning them equal weighting as abundant(fdx@maghan, 2016).

Finally, it is important to note a possible not lexaed season’s influence on our data. As
demonstrated in Winter and Duthie (2000), the mriee models constructed during a study on
epilithic diatoms as indicators of stream nutriesdacentration were better when seasonal variation

was removed from the dataset by using mean sumahges, than those using the full data set.

Conclusion

The results revealed that bioassessment by meawsAafodelling is a powerful modeling
technique to evaluate precisely the species resptna single as well as multiple environmental
descriptors. However, manipulation of the differelattasets significantly influenced the model
performances. In this sense, removing rare taxaoeasterproductive, and the developed transfer
function models by removing rare taxa actually mstlithe model performances. Although our
results agree with those of Wilson et al. (1996)hw strong evidence that sample size has a great
influence on results, the influence of rare taxdimassessment is an ongoing topic of discussion
and study, and choosing a cut off to avoid rara tagise may be subjective. However, our work
contributes to a better understanding of diatomloggo especially those of tropical reservoirs,
supporting the development of more accurate didiaiogical monitoring protocols for the study

area.
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Abstract

Background and aims --A commonly occurringAchnanthidiumKuitzing species has been
observed in Brazilian reservoirs. The morphologieatures were described based on light and
scanning electron microscope observations anddgssribed here &s tropicocatenatunsp. nov.

Methods -- The new species was compared with the type mat&riabrphologically similar
taxa: Achnanthidium catenatuid.Bily & Marvan) Lange-Bertaloadnd A. minutissimun{Kutzing)
Czarnecki Comparisons with the most related species basetitayature were also provided.
Traditional weighted-averaging approaches (WA) vwagplied to model ecological optima.

Key results -- Morphometric analysis of the valve shape suppattedaxa separation; they
can be easily differentiated by the morphologicad altrastructural features, including subcapitate
to capitate apices, strongly radiate striae andomment axial area. This new species has been
found in alkaline waters with low electrolyte comite

Conclusions --Records ofA. catenatumin Brazil are considered questionable because the

species may have been confused Witlropicocatenatursp. nov.

Key words -- Distribution, ecological optimum, ecology, geonetrmorphometry,

morphology, new species, taxonomy
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INTRODUCTION

AchnanthidiunKitzing is a taxonomically difficult group of moraphid diatoms (Round &
Bukhtiyarova 1996). Despite its representativescaramonly recorded in worldwide freshwaters,
the determination and delimitation of many taxasilea challenge, because of both the small size
of its valves, which often requires scanning etattrmicroscopy (SEM), and the lack of
comprehensive descriptions of nomenclatural typed andescribed variability of diagnostic
features that often overlap (Hlubikova et al. 2011)

Because of the high diversity in this group andntportance as indicators of water quality
(Van de Vijver et al. 2011a, bAchnanthidiumhas received considerable attention and, duriag th
last decade, the genus has been the subject oketevisions (e.g. Hlubikova et al. 2011, Van de
Vijver et al. 2011a, Wojtal et al. 2011, Novaisadt 2015), especially taxa belonging to the
minutissimum(Kutzing) Czarneckicomplex (Ector 2011). These revisions have alsdritared
with more detailed information of the geographidiitributions and biogeography of the genus in
general.

Nowadays,Achnanthidiumcomprises more than 200 taxa (Fourtanier & KociokK 1)
including many species described from various pafrthe world in the last decade (e.g. Potapova
& Ponader 2004, Cantonati & Lange-Bertalot 2006apova 2006, Zidarova et al. 2009) and new
species have been regularly described (e.g. Watjiall. 2010, Juttner & Cox 2011, Van de Vijver et
al. 2011b, Witkowski et al. 2012, Peres et al. 20dgvais et al. 2015, Pinseel et al. 2015, Liulet a
2016). However, the genus has received relativelg httention in Brazil, wherd. minutissimum
and A. catenatum(J.Bily & Marvan) Lange-Bertalot are among the mostnmonly recorded
species (e.g. Bertolli et al. 2010, Faria et all@daustino et al. 2016). Although they are widely
used names, some misidentifications were obsemddbey are discussed in this work. All these
findings contributed to the generally accepted itted A. minutissimunandA. catenatunspecies
are globally distributed. Besides, it is importéamtnote that a number of mentions to the species
above are ecological contributions (e.g. Santose&dgut 2013, Burliga et al. 2014, Fonseca et al.
2014) or diatoms are used as indicators of enmmntal change (e.g. Lobo et al. 2004a, b,
Hermany et al. 2006, Molisani et al. 2010, Bere @éndisi 2011, Elias et al. 2017), emphasizing the
importance of accurately defining the identity bé tmost common taxa in order to improve the
accuracy of the diagnostic tools that rely on diataxonomy and ecology (Wetzel & Ector 2014).
Other records about these species are in unpublidbetoral dissertations (e.g. Carneiro 2003,
Nascimento 2012) or do not present illustrationd/@ndescriptions (Souza & Oliveira 2007).

Achnanthidiumcatenatumis considered to be invasive in Europe (Bily & Mam 1959, Druart &
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Straub 1992, Coste & Ector 2000, Straub 2002, K& et al. 2011) and more recently in East
China (Ma et al. 2013).

Freshwater diatom flora of Brazil has been showrcdatain many unique species (e.g.
Tremarin et al. 2011, Wengrat et al. 2015, Marquat@l. 2016). However, no ne&chnanthidium
species has been published so far. During a digomwvey in reservoirs of Sdo Paulo State, an
Achnanthidiumspecies morphologically similar #. catenatunwas found, and it is proposed as a
new species for sciencA. tropicocatecatunsp. nov. The morphology is presented by light (LM)
and scanning electron microscopy (SEM). Furthermaee compared it with the type materials of
morphologically similar specie#y. minutissimunand A. catenatumExamining type material has
become a valuable tool to solve taxonomic issuas @ejudo-Figueiras et al. 2011). We also
presented information based on ecology optimahit way, besides solving the taxonomic issues
about the species it is as well characterized ftioenautecological standpoint (e.g. Trobajo et al.
2013, Morales et al. 2015, Bicudo et al. 2016).

MATERIALS AND METHODS

Study area

The Jurupard and Cachoeira do Franca reservoird{®B 2009) are located in the
catchment area of the Ribeira de Iguape/Litorallfasin which presents high availability of water
in relation to the demand, due to a rich and exterdrainage network. The area is considered as a
Conservation Unit (PEJU, Portuguese for JurupasdeSPark) and widely covered with native
forests.

The Jurupard reservoir is part of a hydropowerlifadiocated in Piedade township at an
elevation of 781 m along the Peixes River, tribptarthe Juquia River (SMA 2012). Built in 1947,
the reservoir accumulation capacity is up to 43xif. This environment is predominantly
mesotrophic, according to the Trophic Status In(le&l) (Lamparelli 2004) calculated presently.
The reservoir is also used for fish farming (fig. The TSI results are in accordance with those of
the PEJU Management Plan report (SMA 2012) in whitiservations carried out through
ichthyofauna studies indicated a mesotrophic sitthé network tanks region, probably a result of
the psychulture activities.

The Cachoeira do Franca reservoir is located irggen of Juquitiba at an elevation of 685
m. Its construction began in 1954 and was completd®57 and, operation started in the following
year. It was the first hydroelectric plant built IBompanhia Brasileira de Aluminio (CBA) for

power generation which corresponds to the firsthef cascading projects along the Juquia River
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(SMA 2012). This reservoir is currently classifieas oligotrophic (TSI) and presents an
accumulation capacity of up to 135.280 (fig. 1).

Information about the study area is summarizedlihet 1.
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Figure 1 -- Study area showing th&chnanthidium tropicocatenatuigpe locality (Cachoeira do

Franca reservoir) and Jurupara reservoir.

Table 1 -- Data from sampling sites ofAchnanthidium tropicocatenatumstate of S&o Paulo,

Brazil, habitat and the material number at the Herbarium of the Institute of Botany (SP).
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Reservoir Herbarium Habitat Municipality  Main Sampling GPS

number river date coordinates
Cachoeira do SP469444 periphyton Juquitiba Juquia 05/08/2014 23°55'58.8"S
Franca (type (stones) 47°11'31.4"W
material)
Juruparéa SP469208 surface  Piedade Peixes 25/06/2014 23°56'00"S
sediment 47°22'18.0"W

Environmental variables

Water samples for chemical analysis were colleadeadng austral summer and winter
campaigns in 2014 with a Van Dorn sampler alongical profile. Temperature (°C), pH and
specific conductancei$ cni') were measured in the field using standard eldesgHoriba U-53).
The analytical procedure for dissolved oxygen (nify, lammonium g L™, alkalinity (mEq L),
nitrate fig L), soluble reactive silica (mg™), total nitrogen and total phosphorysy (LY, free
carbon dioxide (mg £) and bicarbonate ions (mg").followed Standard Methods (APHA 2005).
Chlorophyll-a (ug L™), corrected for phaeophytin, was measured usirig 8hanol (Sartory &
Grobbelaar 1984). Details of the environmental diors at the sampling sites are summarized in

table 2.

Table 2 -- Means (and standard deviation) of abioti variables in the studied samples in which
A. tropicocatenatumoccurred and its weighted average optima and tolances.Abbreviations:
Sec (Secchi depth; m), Temp (Temperature; °C), Q@uhductivity; uS cm®), Alk (Alkalinity;
mEq L"), DO (Dissolved oxygen; mg1), TN (Total nitrogenug L), TP (Total phosphorusig
LY, SRS (Soluble reactive silica; mg), Chlo (Chlorophyll-apg L™).

Abiotic variables values Ecological optimum Ecologal tolerance
Sec (m) 2+0.86 1.59 0.45
Temp (°C) 23.9+3.04 24.22 3.11
Ph 7.210.72 7.54 0.92
Cond (1S cm?) 30.3+9.46 28.94 7.45
Alk (mEq L™ 0.22+0.44 0.23 0.04
DO (mg LY 7.2+0.65 7.39 0.83
TN (ug LY 288.0+114.0 292.32 118.8
TP (ug LY 13.3+7.64 12.60 5.73
SRS (mg [} 3.6+1.07 3.38 1.03

Sampling and diatom preparation

The following type materials were examined under &hl SEM microscopy, respectively:

1. Achnanthidium minutissimuntype material, Kutzing’s Algarum Aquae Dulcis
Germanicarum, Decade VIII, no. 75, Kitzing 301 (\Heurck Collection, Botanic Garden Meise,
Belgium). Type locality: Near Aschersleben, Germaegiphytic on filamentous algae (Lange-

Bertalot & Ruppel 1980, Potapova & Hamilton 200Dyviis et al. 2015).
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2. Achnanthidium catenatuntectotype materialkample n° E9877 (Hustedt Collection,
Alfred Wegener Institute in Bremerhaven, Germaiy)pe locality: Sedlice reservoir on Zelivka
River, Czech Republic (Bily & Marvan 1959, Hlubikoet al. 2011).

For the new species we selected two samples froo different habitats (see table 1).
Periphytic material scrapped from stones duringstmamer and winter 2014 and surface sediment
(2 cm deep samples) collected using a gravity ¢OMYITEC) only during the winter. Diatoms
were cleaned from organic matter with hot hydrogeroxide (35%) and hydrochloric acid (37%)
(Battarbee et al. 2001). For LM observations, aehdiatoms were mounted with Naphrax®. LM
and morphometric measurements were performed witeiea® DMRX brightfield microscope
with 100x oil immersion objective, and light micraghs were taken with a Leica® DC500 camera.
For scanning electron microscopy (SEM), parts @& txidized suspensions were filtered with
additional deionized water through auB Isopore™ polycarbonate membrane filter (Merck
Millipore). Filters were mounted on aluminum studosd coated with platinum using a Modular
High Vacuum Coating System BAL-TEC MED 020 (BAL-TEAG, Balzers, Liechtenstein). An
ultra-high-resolution analytical field emission (FEcanning electron microscope Hitachi SU-70
(Hitachi High-Technologies Corporation, Japan) apedt at 5 kV and 10 mm distance was used for
the analysis. SEM images were taken using the |¢®ErL) detector signal and up to 28° tilted.
Plates were assembled by CorelDraw Graphics Suifé Relative abundances were estimated
following Batarbee et al. (2001) with a minimum 400 valves counted per slide at 1000x
magnification on up to six random transects and tedching an efficiency of at least 90% (Pappas
& Stoermer 1996).

Holotype permanent slides, as well as the raw dedned samples were deposited at
Herbario Cientifico do Estado “Maria Eneyda P. Kmaihn Fidalgo” (SP), Sdo Paulo State
Department of Environment, Brazil. Isotypes wer@atited at BR, the Botanic Garden Meise,
Belgium.

Morphological terminology followed Round et al. @) and Krammer & Lange-Bertalot
(1991).

Diatom distribution

We estimated the new species ecological optima wmhetances with respect to pH,
conductivity and total phosphorus based on weightextaging (ter Braak & van Dam 1989), and
tested its ecological profiles for differences e tecological optima with respect to the similar
speciesA. catenatum by using a weighted comparison of means (BlandK&ry 1998).The
weighted average estimates of a species optimtine ismean of a measured environmental variable
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(such as total phosphorus concentration or pH) hted by the abundance of the species in a
sample data set, whereas species tolerance issigbted standard deviation (Porter et al. 2008).
Calculations were based on data from the Acquasgéqh called, “Base line diagnosis and
reconstruction of anthropogenic impacts in the @pmanga Reservoir, focused on sustainable
water supply and quality management in the reses\adithe Alto Tieté and surrounding basins”, in
which this study is included. This dataset invol@8stropical reservoirs and 227 samples, covering
a wide range of trophic states. In this sensectiwesen abiotic variables were considered relevant

for water quality assessment.

Statistical analysis

Geometric morphometric techniques were applied ifterdnt Achnanthidiumgroups to
evaluate whether these morphotypes present diffeeenin shape compared witld.
tropicocatenatumFor this analysis, a total of 68 LM photograpresevtaken fronfA. minutissimum
type material32 from A. catenatuntype material, 100 fromA. tropicocatenatunipopulation from
JP reservoir) and 83 frorA. tropicocatenatuni{type material from FR reservoir) (fig. 2). The
pseudolandmarks of the outlines to further idecdtiibn and characterization were performed with
CLIC (Collection of Pseudolandmarks for Identific&it and Characterization) software (Dujardin et
al. 2010).

Figure 2 -- Position of the pseudolandmarks on the valvirmuiused to perform the geometric

morphometric analysis. Scale bar =if.
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Matrices, consisting of pseudolandmarks defininglimes, were built based on the
populations and shape variables were obtained ghrthe Generalized Procrustes Analysis (GPA)
superimposition algorithm (Rohlf 1990). After suipgposition, shape differences can be described
by the differences in coordinates of corresponglisgudolandmarks between objects (Adams et al.
2004). Principal component analysis (PCA) was edrdut for the resulting normalized coordinates
by means of the Past software version 1.78 (Hanehat. 2001). Finally, analysis of similarity
(NPMANOVA) was performed between the Cartesian do@ates of resulting groups in the PCA
with the Chord distance measure.

RESULTS

Taxonomical description

Achnanthidium tropicocatenatunMarquardt, C.E.Wetzel & Ectosp. nov.(figs 3--5).

Frustules usually solitary (fig. 3A--BH). Girdleew rectangular, slightly arched, with apices
recurved to the rapheless valve (fig. 3BI--BL). W& linear-lanceolate, slightly inflated in the
central portion of the valve, with protracted, sahitate to capitate apices (fig. 3A--BH). Length
10.5--30pum, width 2.5--3.5um in the middle. Axial area narrow linear and #ikd, widening
towards the central area (figs 3A--BH, 4A & B). Rapvalve: concave with small rounded central
area, bordered by one more widely spaced strianeroo both sides (fig. 4A & B). Externally raphe
straight, filiform, with slightly expanded proximahd distal raphe endings (fig. 4A & B). Internally
proximal raphe endings slightly deflected in oppmslirections and distal endings terminating in
small helictoglossae (fig. 5D). Transapical stniadiate throughout the valve (36--40 in 1),
becoming denser towards the apices (up to 45 ipni)) cannot be resolved in LM. Striae mainly
composed of four, sometimes five or six, roundatgtapical areolae (fig. 4A & B), often slit-like
near the valve margin and covered by a delicatmsihembrane (hymen). Rapheless valve: convex
with central area indistinct or narrow lanceoldterdered by 1-2 more widely spaced striae on one
or both sides (fig. 4C). Transapical striae radihteughout the valve (38--40 in 1n), becoming
denser towards the apices (up to 55 inufi), cannot be resolved in LM. Striae mainly commbse
of 5-6, sometimes 4, elliptical transapical aredfag 5A--C), often slit-like near the valve mangi

and covered by a delicate silica membrane (hymfg) 3A). On both valves, a single row of
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elongated areolae on the mantle, separated frorsttiae on the valve face by a hyaline area (fig.

Figure 3 -- Achnanthidium tropicocatenatusp. nov. LM: A--AF, specimens from type locality

(Cachoeira do Franca reservoir, Sdo Paulo, Bra&ibP, raphe valves; Q--AC, rapheless valves;
AD--AF, girdle view. AG--BL, specimens from Jurugareservoir, Sdo Paulo, Brazil; AG--AV,

raphe valves; AW--BH, rapheless valves; Bl--BLdigrview. Scale bar = 10 um.
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Figure 5 -- Achnanthidium tropicocatenatusp. nov. SEM: A--D, internal views; A--B, raphedes

valves; D, raphe valve; A, detail of apical stréawl areolae; B, detail of central area and tracalpi
striae. Population from type locality (CachoeiraKtanca reservoir, Sdo Paulo, Brazil). Scale bars:

A&C=2um, B&D=5pum.
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Figure 6 -- Achnanthidium minutissimutrM: A--AF, specimens from type material (Type lota

Near Aschersleben, Germany); A--P, raphe valvesAQ- rapheless valves; AE & AF, girdle
view. Achnanthidium catenatumoM: AG--AV, specimens from lectotype material (Teyfpocality:
Sedlice reservoir on Zelivka River, Czech Republi®--AM, raphe valves; AN--AU, rapheless
valves; AV, girdle view. Scale bar = 10 pm.

125



Figure 7 -- Achnanthidium minutissSimu®EM: A--C, external views; D, internal view; Erdje

view; A, raphe valve; B & D, rapheless valve; (hhva and rapheless valves. Scale bars =5 pum.
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= A g -
Figure 8 -- Achnanthidium catenatu®EM: A & B, D, F, external views; C, internal view & F,

girdle view, B & C, detail of apices with its distaphe endings; F, detail of apice. Specimens from
lectotype material (Type locality: Sedlice reservan Zelivka River, Czech Republic). Scale bars:

A-E=5um,F=2 um.
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Holotype -- BRAZIL. S&o Paulo: Cachoeira do Frangca Reserv@g°55'58.8"S,
47°11'31.4"W, G. Marquardt & D. Bicudo, 5 Aug. 20{4blotype SP!, slide 469444, Herbario
Cientifico do Estado Maria Eneyda P. Kauffmann EjdaJuquitiba, Brazil, depicted in fig. 3A.
Isotype BR!, slide XX, Botanic Garden, Meise, Balg).

Etymology -- The epithet refers to the similarity of the nevesps, observed in a tropical

region, toA. catenatum

Morphological examination -- Although the morphology oA. tropicocatenatununder LM
could resemblé\. catenatunat first sight, important features as the endstracted, subcapitate to
capitate in the new species and not protracteddbyaounded irA. catenatunas well as the shape
of the frustule in girdle view can easily separtitem. Also, valves are slender An catenatum,
with widened central portion resulting in a moredulated valve margin whereas valves are only
slightly inflated in A. tropicocatenatumThus, the valve appears more elongated in ther.latte
Besides, the axial areaAn tropicocatenaturs silicified and preeminent (SEM) (fig. 5C & D).

The girdle view inA. catenatunresembles a “C” with the ends strongly curved sharply
pointed to the araphid valve, corresponding to fiftle of the frustule length (Hlubikova et al.
2011). Also, it is commonly observed in more thawe drustule together, forming short chains of 2
(Straub 2002), 3 (Hlubikova et al. 2011) and upiludtcells in the planktonic type material of
Bohemia (Bily & Marvan 1959). Druart & Straub (199also observed in Chaumecon Lake
(France) that thé\. catenatuncells are joined together in long, recognizablai$, a very rare
character iPAchnanthidiumspecies. On the other hand, valves in girdle \ée& not so strongly
curved in A. tropicocatenatumends are not so sharply pointed and frustulescaramonly
observed as solitary (figs 4BI--BL). Besides strégae more strongly radiate in the new species (fig
5C).

Apices are also clearly different . minutissimumranging from subrostrate to protracted
(figs 7A--AD). Moreover,A. minutissimundiffers in its valve dimensions (table 3) and i ot

inflated central region.

The species is also similar #. lusitanicumNovais & M.Morais. Nevertheless, the new
species is longer (10.5--30 um) compared whthlusitanicum(5.3--13 pm). Also, apices in the
latter are rostrate and broadly rounded contrastingthe subcapitate to capitate .
tropicocatenatungtable 3).

Achnanthidium lusitanicuns described from two different sites: 1) JaneleoBaixo, Zézere
River (Tejo basin) as the type material and 2) Bpebertd Stream (Tejo basin), which can have
much larger valve dimensions (length: 8.3--19.3 amidith: 2.3--4.3 um). Achnanthidium

128



tropicocatenatums more similar to the second illustrated popolatiespecially in girdle view.
However A. lusitanicunpopulation 2 is wider in the middle of the valvanhA. tropicocatenatum
(2.8--3.2um). The species is also more rhomboidal comparéddAvitropicocatenatumrhereby, it

Is important to note the confusion regarding thewnscription ofA. lusitanicum as the second
population seems to represent a distinct species.

Ecology, distribution and associated diatom flora - The type population ofA.
tropicocatenatumwas observed in the Cachoeira do Franga reservailkaline waters with low
conductivity (27uS cm?), low levels of nitrate (57.7 pg™), total nitrogen (323.1 pgd), total
phosphorus (6.2 ng™¥) and phosphate (4.3 ug'Lconcentrations and pH of 7.2 (annual mean).
Regarding its autoecology, the species reacheaapttmmum when the temperature was around 24.2
°C, values of pH were around 7.5, conductivity ab@9uS cmi', NT around 292.3 ptand TP
around 12.6 pg L Based on phosphate measurements, this specissnfgd an optimum at
oligotrophic conditions (table 2). The new spedias a different autecology when compared with
A. catenatumalthough both taxa shared similar preferences vésipect to pH (fig. 9A, t=0.22,
p=0.83).A. tropicocatenatums an oligotraphentic species (fig. 9B, t=10.5084) that prefers
waters with lower electrolyte content oppositéAtocatenatumyhich prefer eutrophic waters (fig.
9C, t=9.2, p<0.01).

Achnanthidium tropicocatenatyndominant in the sample of Cachoeira do Francat{86
relative abundance), was associated wRhachysira neoexilisLange-Bertalot (3.8%) and
Discostella stelligera(Cleve & Grunow) Houk & Klee (2%)Navicula nothaJ.H.Wallace,
Achnanthidium hoffmannivan de Vijver, Ector, A.Mertens & JarlmarEunotia sp. and
Aulacoseira tenellgdNygaard) Simonsen also occurred but with lowtretaabundance (< 2%).
The diatom flora is mainly composed of taxa indimgtvaters of low nutrient content.

A. tropicocatenatunproblably corresponds tA. cf. catenatumin Morales et al. (2011, figs
128--134) from Maylanco (Bolivia), a small streaboat 2 m wide and 30 cm deep (17°23.73" S,
66°3.16"W 2685 m a.s.l.) with alkaline waters, widhatively high conductivity (40QS cmi'), pH
of 8.50 and temperature of 17.3 °C (Mesophyticyiwae/Southern Puna, Mesophytic Sector).
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Table 3-- Comparison betweenAchnanthidium tropicocatenatunand morphologically similar species.

Achnanthidium sp. nov.

A. lusitanicumNovais &
M.Morais

A. catenatum(J.Bily & Marvan)

Lange-Bertalot

A. minutissimum
(Kiitzing) Czarnecki

Reference This study Novais et al. (2015) Hlubikova et aD12) This study
Valve length (um) 10.3--23.9 5.3--13 10--17.5 11.8:9
Valve width (um) 2.7--35 2.3--3.0 2.8--3.6 2.633.

Valve outline

Linear-lanceolate, slightly
inflated in
the central portion

Elliptic, linear-elliptic to linear-
lanceolate, slightly inflated in

the central portion

Slender with widened central
portion resulting in an undulated

valve margin

Linear-elliptic to linear-
lanceolate

Valve &pices Protracted, subcapitate to Protracted, rostrate and broadly Broadly capitate to subcapitate Protracted, restat
capitate rounded subcapitate
Striation pattern Radiate throughout the Slightly radiate in Radiate in Radiate, denser towards the
valve, denser towards the the central portion, more radiate and the central portion and weakly apices
apices denser towards the radiate or almost parallel, denser
apices towards the apices
Raphe valve
Central area Small rounded, bordered by Small rounded Rounded, almost absent Almost abskgitily
one more widely spaced rounded or as a rectangular
stria on one or both sides fascia
Striae (in 10 pm) 36--40 (up to 45 nearthe 35 (up to 40 near the apices) 30--32 30 (in thediaid
apices)
Number of areolae (per 3--6 3--5 4--6 -

striae)

Rapheless valve

Central area

Striae (in 10 pm)

Number of areolae (per
striae)

Indistinct or narrow
lanceolate

38--40 (up to 55 near the
apices)

3--6

Absent or small, elliptical

30--35

3--4 (5--6)

Small, lanceolate tomhbic

30--34

4--6

Indistinct or narrow
lanceolate

30--34 (in the middle)




Geometric morphometry -- Morphological differences among the four studieghyations
were evidenced by their valve shape analysis {fij. Similarity tests (NPMANOVA), performed
on the Cartesian coordinates of resulting groupghan PCA, revealed statistically significant
differences |f values: <0.001, <0.01, <0.05) betwenminutissimunandA. catenatuncompared
with the A. tropicocatenatuntype and Jurupard populations, both of which kgltm the same
species (table 4).
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Figure 10-- PCA plot of Procrustes-transformed valve oetlpseudolandmark coordinates among
A. catenatum(32 valve measurements) aid minutissimun(68 valve measurements) lectotype
materials,A. tropicocatenatunfpopulation from JP reservoir, 100 valve measumeatsd fromA.
tropicocatenatum(type material from FR reservoir, 83 valve measusjen_egend symbols:
orange: A. catenatum red: A. minutissimum blue: A. tropicocatenatum(JP) and greenA.

tropicocatenatungtype material).



Table 4 -- NPMANOVA test performed on morphologicaldifferences resulting groups in the
PCA using the Chord distance measureR values shown (<0.001, <0.01, <0.05).

A. tropicocatenatum A. tropicocatenatum A. catenatum
(Jurupard) (type material) (type material)
A. minutissimun{type material) <0.05 <0.01 <0.05
A. tropicocatenatungJurupara) 0.4218 <0.01
A. tropicocatenatuntype material) <0.01

DISCUSSION

Achnanthidium tropicocatenaturalearly belongs to the complex of species aroénd
minutissimunbased on the simple and straight distal raphe gadoontrary to the species in the
pyrenaicumgroup that have clearly deflected to even hookstaldraphe fissures (Kobayasi 1997,
Potapova & Hamilton 2007, Van de Vijver & Kopalo2814). This, widely distributed species in
Brazilian reservoirs is characterized by a setisfittt morphological and ecological features that
clearly separate it from all other similachnanthidiunspecies.

Landmark-based geometric morphometrics was a powésbl in quantifying the shape
variation in the studied species. Comparison araimaxation ofA. tropicocatenatunand related
species (type materials) showed significant oveilagp of valve outlines (fig. 10) making the
identification based only on LM difficult. HowevelNPMANOVA statistically demonstrated
differences in valve outline among them, supporthregplacement oA. tropicocatenatunas a new
taxon. The geometric morphometric approach has heemasingly applied in diatoms as a
complementary tool for taxonomy, being very uséfuthe separation of morphologically similar
taxa, either withAchnanthidium(e.g. Potapova & Hamilton 2007) or other generg. (Ealasco et
al. 2009, Cejudo-Figueiras et al. 2011, Peng eR@l4, Wengrat et al. 2015, Urbankova et al.
2016).

Currently, A. minutissimuns.l. is regarded as a very generalized indicap@cies with a
seemingly broad ecological tolerance and diffefdatth AmericanAchnanthidiummorphotypes
exhibit different ecological preferences that cdmdduseful in biomonitoring (Potapova & Hamilton
2007, Pinseel et al. 2017). The correct identity himgeographical distribution of this taxon have
long been obscured by force-fitting and taxononmift (Van de Vijver & Kopalova 2014). A recent
study of Pinseel et al. (2017) has argued thainipéementation of molecular data in the taxonomy
of Achnanthidiumwill be essential to solve the taxonomic problexrssociated with this group may
result in better understanding of the biogeographg niche differentiation of different species
belonging to theéA. minutissimuntomplex. In Brazil, the species have been repasgekcially for
the South (e.g. Bertolli et al. 2010, Faria e28l10, Marra et al. 2016, and Nardelli et al. 2(dlb;

of them in Parana State) and the Southeast regan Faustino et al. 2016; S&o Paulo State).
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However, the specimens represented\aminutissimunby Ferrari & Ludwig (2007) for the Ivai
basin (Parana State) seem to represent two diséiratand probably the diatom illustrated in the
fig. 30 is closer tdA. catenatumLikewise, the images 120--122 in Silva et al.1@pfrom the Irai
reservoir, Parana state (eutrophic system) arestaitd toA. minutissimum

Similarly, Achnanthidium catenatums also an indicator of organic pollution (Berthenal.
2011). The species is widely reported from arounmedviorld and it is the only planktonic species of
the genus, so records of blooms in whichcatenatunis dominant are not uncommon (e.g. Straub
2002, Ma et al. 2013).

Nevertheless, its distribution in Brazil is uncertandA. catenatunhave been recorded by
diatomists especially in samples from the SouththedSouthwest regions of the country. However,
some of the cells illustrated bear little resembéamo A. catenatumMostly cited to Sdo Paulo
localities (e.g. Faustino et al. 2016), this specieas been reported as an indicator of an
environmental shift particularly associated witle teutrophication process in paleolimnological
reconstruction studies (Costa-Boddeker et al. 2BtbAtana et al. 2014). However, no illustration of
the taxon was available. AlsA, catenatunwas reported by Fontana & Bicudo (2012) from szafa
sediments in the cascading reservoirs of Paranapmmiver (Sao Paulo and Parana States, Brazil).
Nevertheless, the species is described to possedtes dimensions for length (9.6--9u8n) and
valve width (1.4--1.7um), not compatible with thé. catenaturmectotype material measurements
(table 3). Finally, the species reported by Marrale (2016) (figs 110--112) in a mesotrophic
reservoir in Parana State is probably conspecitiic #. tropicocatenatum

Originally applied to paleolimnological research,eighted-averaging regression and
calibration methods (Birks et al. 1990) have bewmdasingly used to quantify relations between
species and various environmental variables (K&lywVhitton 1995, Pan & Stevenson 1996,
Leland & Porter 2000, Winter & Duthie 2000, Lelaetl al. 2001, Potapova et al. 2004).
tropicocatenaturmot only differs morphologically but it is alsoatagically distinct compared with
A. catenatunmandA. minutissimumThereafter, the presence of a taxon can be wsetlicate the
probable availability of its preferred conditioristlae time of collection. However, if subsequently
this taxon is confused with, or wrongly assumedirtdude another taxon with different and
unknown ecological preferences (perhaps becausenfiorphological differences have not been
noted), records of these algae will not indicat phevalence of any particular conditions, and the
bioindicator system breaks down (Cox 1987).

Achnanthidium minutissimumnd A. catenaturmare considered two of the most commonly
reported taxa in floristic and ecological works ldande. With increased use of diatoms as
indicators of ecosystem health, establishing tlemtity of at least the most common taxa could
improve the accuracy of ecological diagnostic toelging heavily on the most inclusive taxonomic
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categories as the basic units expressing envirotaihemange (Morales et al. 2013). The description
of A. tropicocatenatunmproves our knowledge about the biogeographypeties in this complex

and allows their use in more precise ecologicall@ndeographical studies.
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Abstract
A new periphytic freshwater diatom species belogdgmthe genuSellaphoraMereschkowsky

has been recorded from a reservoir in Sdo Paulatiiast Brazil) and is described 8s
tropicomadidaMarquardt & C.E.Wetzel, sp. nov. The new speciestndistinctive feature is the
areolae internal ultrastructure, composed of laggusions laid very close to the raphe, restrictin
an almost absent central ar&allaphora madid@Kociolek) C.E.Wetzel in Wetzel et al. originally
described from the U.S.A. (Oregon) has been regeatlected from locations different from the
type locality and presents a disjunct distributiasith confirmed records in subtropical regions of
South America (southern Brazil) and Europe (Bulgarirfhese specimens were compared with
those ofS. tropicomadidasp. nov. to highlight the differences between théth populations are
illustrated in detail with light (LM) and scannimdectron (SEM) microscopes. Further comparisons

of S. tropicomadidavith similar species based on the literature afiokrimation about their ecology
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are also provided. We suggest careful examinatidgheosmall size dominant diatoms with SEM in
routine monitoring, to get better results and iasgetaxonomic accuracy for ecological assessment,

mainly concerning species with distinct ecologiqakferences, despite their morphological

resemblance.

Keywords geographical distribution, new species, surfacdinsent, Sellaphora taxonomy,

ultrastructure
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Introduction
SellaphoraMereschkowsky has been a main focus of taxonomvesitngations (e.g. Beszteri et

al. 2001, Bruder & Medlin 2008, Evans et al. 208&nn et al. 2008, Powdkova et al. 2008,
Vanormelingen et al. 2013, 2015). Supported by regvaolecular studies (e.g. Novis et al. 2012,
Zgrundo et al. 2013, Kulikovskiy et al. 2014), aadof related species previously placed in
Eolimna Lange-Bertalot & W. Schiller in Schiller & LangeeBalot (1997have been recently
transferred to the gen&ellaphorale.g. Wetzel et al. 2015). Its representativeshegacterized by
symmetrical, linear to elliptical valves, obtusecag, distant terminal nodules, usually fine striae
and a simple connecting zone (Beauger et al. 2016).

These small naviculoid diatoms belong to an ecokili important heterogeneous group with
high abundance in freshwater benthic communitiegetf@l et al. 2015). Studies in Africa (e.g.
Taylor & Lange-Bertalot 2006), Asia (e.g. Huste842), Europe (e.g. Coste & Ector 2000, Werum
& Lange-Bertalot 2004, Blanco et al. 2009, Kulikkiset al. 2010, Beauger et al. 2016), North
America (e.g. Kociolek et al. 2014) and Oceania gbtcet al. 1998, Novis et al. 2012) present the
high richness oEolimna with most of the described species, whereas tabgmall naviculoid
diatom reports are scarce and insufficiently doauiew:

In Brazil, despite the increasing number of taxomostudies in a number of published (e.g.
Ferrari et al. 2009, 2014, Garcia 2010, Wetzel.e2@10, 2015, Tremarin et al. 2012, 2013, 2014,
2015, 2016, Silva et al. 2013, Marquardt & Bicudii2, Pereira et al. 2014, 2015, Talgatti 2014,
Wetzel & Ector 2014, Almeida et al. 2015, 2016y&i& Souza 2015, Wengrat et al. 2015, 2016,
Bertolli et al. 2016, Marquardt et al. 2016) andpullished (e.g. master thesis and doctoral
dissertations) articles on diatoms, no records @& Sellaphoraspecies have been published.
According to Flora do Brasil (2020, under constigt and recent searches for available
manuscripts, among the small naviculoid represme®iS. nigri(De Notaris) C.E. Wetzel & Ector
in Wetzel et al. (2015) (E. minima(Grunow) Lange-Bertalot in Moser et al. 1998) hasrbone of

the most registered species (e.g. Leandrini e2@02, Ludwig et al. 2005, Moresco et al. 2011),
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although sometimes just in listed without illusimator/and description of the taxa (e.g. Rodrigues
1991, Souza & Oliveira 2007, Moresco & Rodrigue$4)0 Other records includg neocaledonica
(Manguin ex Kociolek & Reviers) C.E. Wetzel, Ectyan de Vijver, Compére & D.G. Mang E.
neocaledonicgManguin) Gerd Moser, Lange-Bertalot & Metzeltm liudwig et al. 2005] an&.
submuralis(Hustedt) C.E. Wetzel, Ector, Van de Vijver, Comgpé& D.G. Mann §£ E. submuralis
(Hustedt) Lange-Bertalot & Kulikovskiy in Kulikovgk et al. 2010 in Bartozek et al. 2013].
However, both species records lack SEM images.

During a diatom survey in reservoirs of S&o0 Pau#ies an unknown species morphologically
similar to Sellaphora madidgKociolek) C.E. Wetzel in Wetzel et ak E. madidaKociolek in
Kociolek et al. 2014) is found and described heseSatropicomadidasp. nov. MoreoverS.
madida which is a recently described species, firstemtéld from Sparks Lake, Oregon, is recorded
for the first time in Brazil (Rio Grande do Sul)daBurope (Bulgaria). In this paper we describe and
compare size variability, frustule morphology arttastructural detail based on LM and SEM
analyses of all thesgellaphorapopulations to better determine their differenced # justify the
establishment of the new spectestropicomadidaWe also compare the morphological features of
the S. tropicomadidawvith similar taxa based on the literature. Infotima about its ecology is also

provided.

Methods

Study areas

Jurupard reservoir (23°56'01.8"S, 47°22'18.4"Wpcsited in the Ribeira do Iguape and Litoral
Sul basin, in Piedade Municipality (781 m a.s$9uthwestern Sdo Paulo in a protected area in
PEJU State Park (Parque Estadual do Jurupara)maie reservoir water is for power generation
but it is also used for recreation and fish farmaatjvities. The reservoir has an area of 3.9 kmk a

its accumulation capacity is up to 4°1M3 (information from Votorantim Energia) (Fig. 1).
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According to the Trophic State Index (TSI) for nesars (Lamparelli 2004) based on the abiotic
and biotic analyses, this reservoir is currentisslfied mostly as mesotrophic.

A population ofS. madidafrom Pardinho river (Pardo River hydrographicadibaSinimbu, Rio
Grande do Sul, Brazil, 52°31'00.69" W, 29°31'30.8pand from Bulgarian river (Maritsbasin,
Luda River, 41°24'14.7" N, 26°09'40.6” E, at 64 ns4) (Tsvetelina Isheva sample) was also

studied (Fig. 2).
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Fig. 1. “Ribeira do Iguape and Litoral Sul” basimddocation of Jurupara reservoir.

Sampling design and slide preparation
Samples from the Jurupard reservoir were collectadng the summer (January 2014).

Environmental parameters were measured in the ¥igthl a multiparameter probe (Horiba U-53)
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and the analytical procedures followed Standardhiiés (APHA 2005). Chlorophyll aug L™
corrected for phaeophytin was measured with 90%aneth (Sartory & Grobbelaar 1984).

Limnological characteristics are listed in Table 1.

Table 1. Limnological characteristics of the samplisites located at the Jurupard Reservoir.
Annual mean for four sampling sites during wint&ur{e 2014) and summer (January 2014). Values

are means = standard deviation.

pH 6.4+1.3
Dissolved oxygen (mg £L.™7) 7.8+0.8
Conductivity 1S cm?) 24.0+2.8
Soluble reactive silica (mg Si-SjB,) 3.91£0.3
Total phosphorusug L™ TP) 19.5+4.2
Total nitrogen jig L™* TN) 464.3+89.4

Periphytic material was scraped off stones andgss®d by hot digestion with hydrogen
peroxide (35%) and hydrochloric acid (37 %) (Bdita et al. 2001). Samples from the Pardinho
river were brushed off stones and the resultingension was collected in a 150 ml plastic sample
bottle. A portion of the sample was oxidized inalibg mixture of 2:1 nitric and sulphuric acid,
and rinsed (Taylor & Lange-Bertalot 2006).

Cleaned and rinsed samples were mounted in permasigles with Naphrax. LM
observations and morphometric measurements wer@rped with an optical Leica DMRX
microscope with a 100x oil immersion objective. hiignicrographs were taken with a Leica
DC500 camera. For SEM observations, the cleaneglsamvere filtered with additional deionized
water through a 3m Isopore polycarbonate membrane filter (Merck iddte). The filter was
mounted on aluminium stubs and coated with platinuthh a Modular High Vacuum Coating
System BAL-TEC MED 020 (BAL-TEC AG, Balzers, Lieehstein). An ultrahigh-resolution
analytical field emission (FE) scanning electroncnoscope Hitachi SU-70 (Hitachi High-
Technologies Corporation, Japan) operated at 5nd/1® mm distance was used for the analysis.

SEM images were taken with the lower (SE-L) andeuSE-U) detector signal. Micrographs were
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digitally manipulated and plates containing ligindascanning electron microscopy images were
created with CorelDraw X7.

Relative abundance of the new species was estimateading to Battarbee et al. (2001) with
a minimum of 400 valves counted per slide at 106txgnification on up to six random transects
and until reaching efficiency of at least 90% (Rapg Stoermer 1996). All slides used for diatom
identification and enumeration were deposited at‘therbario Cientifico do Estado Maria Eneyda
P. Kauffmann Fidalgo” (SP), S&o Paulo State Depamtrof Environment, Brazil.

The symbols £” and “=" before the names of specific and infragpe taxa are used to
represent homotypic or nomenclatural, and heterotyptaxonomical synonyms, respectively.

Morphological terminology followed Round et al. @I, Kociolek et al. (2014) and Wetzel
et al. (2015).

Results and discussion

Sellaphora tropicomadiddMarquardt & C.E.Wetzel, sp. nov. (Figs 2—23)

Valves small, elliptical to oval with broadly roued apices (Figs 2—17). The valve face is flat
and the mantle very shallow (Figs 18-20). Valvegtin5.2—8.3um, width 3-3.7um. Striae
uniseriate and radiate throughout the entire valeéresolved in LM; 40 in 10m; striae bordering
the central area slightly curved (Figs 18-20). 8hastriae (usually 3), often with uneven lengths,
are present in the very middle of the valve. Axgka linear, narrow. Central area small,
symmetrical but irregularly ‘bow-tie’ shaped (Fi8-20). In external view, raphe filiform, slightly
curved, with tear—drop central pores slightly care one side of the valve whereas terminal
fissures are deflected to the opposite side (F&=2Q). In internal view, raphe straight; proximal
raphe fissures are slightly deflected to the saide and the distal raphe fissures ends as small
helictoglossae (Figs 21-23). Areolae closed by mgse slightly angular, quadrate to nearly
rounded, smaller near the margins; 70 inyl0® (Figs 18-23). Internally, large areolae almost

touching the raphe occlusions (Figs 21-23). Intgrneaised axial area; almost absent central area,
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X-shaped (Figs 21-23). Striae extending down ontelatively shallow mantle (Fig. 20). Girdle
bands lacking areolae (Fig. 20).

Type:—BRAZIL. Sdo Paulo (SP), Piedade: Juruparéerved, periphyton, 23°56'01.8"S,
47°22'18.4"W, 781 m a.s.l. DC Bicudo and GC Mardta28/1/2014 (holotype: SP!, slide 469435.
Isotype: BR! slide BR-4471).

Etymology:—The epithet refers to the similarity kvi®. madida but observed in a tropical

region.

Ecology and associated taxa
Sellaphora tropicomadidaresented a relative abundance of 4.67% in pemphgf Jurupara
reservoir in alkaline waters with low levels of neht concentrations and high levels of dissolved
oxygen (Table 1).
The co-occurring dominant diatom species (more Rfanrelative abundance) in the sample
were Discostella stelligera(Cleve & Grunow) Houk & KleeAulacoseira tenella(Nygaard)

Simonsen an&picaticribra kingstonid.R. Johansen, Kociolek & R.L. Lowe.
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Figs 2—-23Sellaphora tropicomadidap. nov. Light and scanning electron micrograpkerigrom
the type material (SP469435). Figs 2-17. LM pidus@owing the variation in size and valve
outline. Scale bar = 10m. Figs 18-23. SEM pictures. Figs 18-20. ExterradVer view of entire
valve showing the raphe and areolae structure. ERsl9. Detail shows the areola which

accompanies a stria near the valve face/mantletipmg¢arrows). Fig. 20. Detail of the valvar
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mantle. Figs 21-23. Internal view showing the aeabcclusions, helictoglossae and the almost

absent central area.

Taxonomical remarks and geographical distribution

Wetzel et al. (2015, p. 222-225) discuss at letigghgeneric limits and conceptsBblimna
and Sellaphora(including the catch-all genuNaviculadictalLange-Bertalot) and conclude that
there seem to be no clear differentiation betwedant species of the mentioned genera. Several
molecular studies have shown that indeed some folodimna species belong to the genus
Sellaphora(e.g. Novis et al. 2012, Zgrundo et al. 2013, KaNiskiy et al. 2014).

The newSellaphorafound in the Brazilian sample is similar & madida This species
originally described from Oregon (Spars Lake) atsb accurring in Wyoming (Fremont Lake)
seems to have an interesting disjunct distributfopopulation ofS. madidarom south Brazil was
also observed. The sample was collected at therfPardiver in southern Brazil (Figs 24—-41) and
it was also observed for the first time in Eurofsfem one river in the Maritsa basin (Bulgaria)
(Figs 42—-47) where it was wrongly identified Rsammothidiunef. rossii (Hustedt) Bukhtiyarova
& Round in Isheva & Ivanov (2016, figs 7-11). Thelgo mixedAchnanthidiumcf. catenatumin
fig. 12. In this, the taxon was recorded with aatiee abundance of 1.1% under low-flow
conditions, occurring at 30°C water temperaturghtly alkaline pH (8.3), relative low specific
conductivity (179uS cm?), dissolved oxygen content 8.2 mg &nd 94% oxygen saturation, on a
silicate substrate. The river is under very lowhampogenic impact (near reference conditions), but
the environmental conditions change during low-flpariods due to significantly lower levels of
surface water verging on an almost complete ladkowf, with the presence of stagnant pools. The
associated taxa with the highest relative abundamees Epithemia sorexKitzing (21%),
Rhopalodia gibba(Ehrenberg) O.Miller (8%)Nitzschia inconspicuaGrunow (6%) andN.
elegantulaGrunow in Van Heurck (5%), common diatoms for iergnvironments and/or such

environments with moderate (high) trophic leveth@va & Ilvanov 2016).
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Figs 24-41.Sellaphora madidalLight and scanning electron micrographs takemnfi®ardinho

River (Rio Grande do Sul, Brasil) material. Figs-24. LM pictures showing the variation in size
and valve outline. Scale bar = . Figs 35-41. SEM pictures. Figs 3638, 40. Extievalve

view of entire valve showing the raphe and arestaecture. Fig. 37. Detail of the valvar mantle
showing the areola at the interstria (arrow). B@. Internal view showing the areolae occlusions,
helictoglossae and the x-shaped central area.38ig40. Detail of the valvar mantle showing a
double row of areolae (arrow). Figs 40- &ellaphora nigri(arrow), a different taxa that can easily

be misidentified at first sight. Fig. 42. Detailatiouble row of striae.
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Figs 42-47 Sellaphora madidaScanning electron micrographs taken from LudaeRiwaterial.
Figs 42-47. External valve view of entire valve whng the central area, raphe and areolae
structure. Fig. 42. Detail of the valvar mantle whny a double row of areolae (arrow). Fig. 45.

Detail of the valvar mantle showing the areolahatihterstria (arrow).

Even though these are only few observations, tmeecudistribution ofS. madidais quite

interesting (Fig. 48). Disjunct distribution of thans is not unusual and several recent publications
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report it (e.g. Szabd et al. 2004, Cremer et al12@Qowe et al. 2013). One possible reason is the
undersampling. The other is the confusion with o#imilar taxa or the transport by wind, animals
(e.g. birds or fishes) or other human activitieg.(@quacultures). The inherent difficulty in the
identification in light microscopic studies is puesable and the use of SEM may reveal the
presence of different taxa that can easily be rargifled at first sight (Figs 40-41). However, we
cannot reject the possibility that alien diatomcsee might at times be transported outside their
native range through human activities (Mann 2015)s noticeable that subtropical freshwater
diatom species can find their living conditionsniatural surface waters in temperate zone as well,

which might be connected with global warming (Ca&tEctor 2000).

-100 0 100 200
long

Fig. 48. Distribution records @ellaphora madidgblack triangle; type locality: grey triangle) and
S. tropicomadiddtype locality: black circle).

Despite the same valve width and length of botlatax generalS. tropicomadidaand S.
madidacan be easily differentiated by the valve outlickearly elliptical and broadly rounded in
the new species (Figs 2-17) and clearly taperdleafpices ir5. madidaalthough this feature is
less evident in the Pardinho River population thmathe type material (Figs 24—-41). Moreovs,
tropicomadidahas a distinctly higher density of striae in 10 (inable 2), making it harder to be

observed in LM. A higher number of areola in 10 (iiable 2) is also observed. Additionally, in
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the new specie$. tropicomadidaeach areola accompanies a stria near the valvénfande
junction (Fig. 19) whereas i8. madidaa supplementary areolae in each interstria (Fijyy.caa be
observed. In addition, a double row of striae iswownly observed near tf& madidaapices (Fig.
41). Another distinctive feature of the new spedgeghe internal ultrastructure of the areolae,
composed of large occlusions almost reaching tpberaand restricting an almost absent central
area (Figs 18-23). This pattern was not observeshynother related species, usually characterized
by a wider X-shaped central area (Table 2).

Sellaphora tropicomadidas also similar toS. nigri However, the latter has larger valve
dimensions and a small number of striae in 10 pah skems clearly solved when observed in LM
(Tab. 2). Internally, the areolae are quite smahe$. nigri Further, this taxon has a larger axial
area, widening near the central portion of the @glvab. 2). FinallyS. nigrihas a wider X-sapped
central area almost reaching the border of theev@lab. 2). Another similar species, atomoides
(Grunow) C.E.Wetzel & Van de Vijver in Wetzel et @an be easily differentiated by a wider
central and axial area and smaller number of stnid® um (Tab. 2).

Apart from Sellaphoraand especially due to its small size and similalve outline,S.
tropicomadidacan be confused with some species in the gevlaymmaed_ange-Bertalot, such as
M. atomusvar. alcimonica (E. Reichardt) E. Reichardt in Lange-Bertalot (228nd M. agrestis
(Hustedt) Lange-Bertalot (2001). However, it is orant to note that representatives of these
genera have developed polar nodules that are @iablvhite dots under LM (Morales & Manoylov

2009) (Tab. 2). Besidess. tropicomadidashows a higher striae density in 10 um (Tab. 2).
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Table 2. Morphological and metric variation of tet&Sellaphoraspecies.

Sellaphora S. madida S. nigri S. atomoides Mayamaea atomus M. agrestis

tropicomadidasp. var. alcimonica
nov.

Reference This study Kociolek et al. (2014) Wettell. Wetzel et al. Reichardt (1984) Lange-Bertalot (2001)

(2015) (2015)

Valve outline elliptical to oval rhombic-lanceolate elliptical to oval elliptical to oval ellipticabtoval elliptical to oval

Apices broadly rounded Rounded broadly rounded ddyaaunded rounded Rounded

Length 5.2-8.3 6-9 3.7-13.0 3.4-16.3 9-11

Width 3-3.7 3-3.5 2.7-4.8 2.6-3.7 (2.5) 3-3.8

Raphe slightly undulate,  straight, proximal straight, proximal straight, proximal straight, proximal Straight proximal
proximal fissures:  fissures very small fissures: tear—drop; fissures: tear—drop; fissures: tear—drop; fissures: tear—drop;
tear—drop; distal expanded; distal fissures: distal fissures: strongly distal fissures: strongly distal fissures: strongly distal fissures: strongly
fissures: strongly strongly bent to the same bent to the same side otbent to the same side otbent to the same side ofbent to the same side of
bent to the same sideside of the valve the valve the valve the valve the valve
of the valve

Axial area narrow, straight narrow, straight linemider at the linear, wider at the narrow, linear, narrow, linear,

central area central area thickened thickened
Central area small x-shaped wide x-shaped wideapesth wide x-shaped small, rounded and rounded and
limited by shorter limited by shorter
striae striae
Striae (1Qum) 32-40 28 25-32 30-36 28 24-28
uniseriate and uniseriate and radiate, uniseriate, radiate, uniseriate and uniseriate and uniseriate and

radiate, curved at thecurved at the central area curved at the central  radiate, curved at the radiate radiate
central area area central area

Aerolae (10um) 70 50

Areolae pattern larger closestto  nearly rounded; larger closest to usually larger rounded Rounded

Areolae mantle

the raphe; slightly  closed by vela; large and the raphe; slightly
angular, quadrate to rounded internally angular, quadrate to
nearly rounded; nearly rounded,;
smaller near the smaller and circular
margins; closed by near the margins;
vela; large and closed by vela
rounded internally
one per striae

closest to the raphe;
rounded and smaller
near the margins

one per striae ard on one per striae
at each interstriae;
sometimes double row of
areolae

one per striae




The analyses of the samples collected from Brawileservoirs have revealed a very diverse
flora, with unknown and unique diatom species hgitiing the importance of evaluating the
identity and the distribution of tropical diatom#dso, our studies have shown the importance of the
routine use of SEM in the structure of small diasoeeper knowledge of the flora inhabiting this

insufficiently investigated region and its coloripa pattern will play a key role for the prepaoati

of specific management guidelines and devices.
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Abstract

Type material ofEncyonema angustecapitatliRAMMER was investigated to establish the
identity of several BraziliarEncyonemapopulations. In order to elucidate the differeneesl
similarities of that species complex, morphologita@htures under light and scanning electron
microscopy were detailed. Notes on their distrimutiwvere also discussed. MDS analysis
distinguished fourEncyonemaspecies presently described as new to scielfg&yonema
acquapurae sp. nov., Encyonema sparsistriatunsp. nov., Encyonema tenuesp. nov. and
Encyonema paradisiacurap. nov. The four new species can be separateth@rbasis of a
combination of the following morphological featureslve outline, axial area, valve length, valve
width, length to width ratio, number of striae i@ @m and number of areolae in ih. Regarding
ecological preferences, all four species were mamlind in oligotrophic and oligo-mesotrophic

environments.

Key words: morphology, multidimensional scaling procedure (MDSwew species,

taxonomy, type material, ultrastructure
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Introduction

The biraphid diatom genusncyonema&UTzING (Cymbellales) has over 400 described taxa
(FOURTANIER & KocIoLEK 2011); 17 species and 5 varieties were recordedffazil (ESKINAZI-
LECA et al. 2015), and five new taxa were recently dieed (TREMARIN et al. 2011; &VA et al.
2013a, b; &vA & Souza 2015; MARQUARDT et al.2016).Encyonemaspecies are very common in
freshwater benthic communities with low electrolytentent (RUND et al. 1990;KRAMMER
1997D).

Encyonemawas separated fror@ymbellaC. AGARDH by KRAMMER (1997a, b) after an
extensive revision of the cymbelloid taxa, incliglisO new species and some material from Brazil
(Tapajos River, Brazilian Amazon). The genus wasppsed to designate dorsiventral individual
specimens with distal raphe ends curved to therakentargin, opposed to allymbellaspecies.
Encyonema angustecapitattfRAMMER andE. ponteanuniKRAMMER were described in the above
contribution,both after the study of Venezuelan material. Inegah this ‘species complex’ shows a
more or less similar morphology characterized byirdw (i) strongly dorsiventral asymmetrical
valve outline; (ii) small capitate ends; and (mdrrow ventral axial area with central area absent
(KRAMMER 1997Dh).

Several populations of thE. angustecapitatursomplexwere found in samples from Sao
Paulo state (southeast Brazil) during a project #ixmed at identifying the Sdo Paulo state algal
flora (BIOTA-FAPESP Program) and also during a plhenological investigation that aimed at
contributing towards the diatom biodiversity andemology for the establishment of environmental
scenarios and policy maker’s information (AcquaBeaject).

Analysis of E. angustecapitaturand E. ponteanuntype material revealed the existence of
four distinctEncyonemdaxa that were misidentified at first sight. Sucadequate identifications
improved the uncertainty of those species distitioutoesides affecting the accuracy of the
diagnostic tools relying on diatom taxonomy andlegy. Such species are presently described as
new to science using both light (LM) and scannitecteon microscopy (SEM). Notes on their
ecological preferences and distribution are alstuged. The description of the four new species
contributes to the knowledge of their diversitypgephic distribution and morphology.

Material and Methods

The original gathering from Rio Caroni (Venezuelapntaining both Encyonema
angustecapitaturandE. ponteanumi.e. sample 1114B in ®KMMER collection kept at the Hustedt
Diatom Study Centre of the Alfred Wegner InstituBsemerhaven (BRM), corresponding to the

slide 1099C, was observed. The material was prdpamy for SEM analysis since there was not
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enough raw material available. Morphological meaments ofE. ponteanumwere based on
KRAMMER’s (1997b) light microscopy photos.

Altogether, four sample units containing. angustecapitatuncomplex representatives
collected from semi-lentic and lentic environmeantsl plankton, periphyton and surface sediments
from different localities in the S&o Paulo stateufbeast Brazil) were analyzed under LM and
SEM.

Plankton samples were obtained with a 20 um me$tnrglankton net and a Ak DORN
water sampler (N DORN 1956). Periphytic material was scrapped from stcar@d macrophytes
(floating and/or submerged). Surface sedimentst(Buperficial 2 cm) were collected using a
gravity core (UWITEC). A list of all samples studiand their characteristics is given in Table 1.

Also, their water chemical and physical data aramited in Table 2.

Table 1. Data from sampling siteskricyonema angustecapitatwomplex, state of S&o Paulo,

Brazil, habitat and the material number at the ldedm of the Institute of Botany (SP).

Sample Coordinate Year of  Municipality Site description Habitat
collection
SP188327 1989 Casa Branca Marsh Plankton
SP401589 223°47'1.62"S, 2009 Sao Paulo, Billings Reservoir, Rio Benthos
46°26'11.28"W Diadema, Ribeirdo Pequeno branch, upstream
Pires, Santo region
André, SBC, RGS
SP468841 23°39'31.8"S, 2010 Salesopolis Ribeirdo do Campo Benthos
45°49'23.22"W Reservoir

Table 2. Available ecological data from samplinggsiof Encyonema angustecapitatuscomplex
(mean values from the water column), State of Sé@wld? Brazil. Cond. (conductivity). N-NH

(ammonium). TN (total nitrogen). TP (total phosple)t

Sample Temp. pH Cond. N-NH,4 TN TP

(°C) (uScm) gl  (uglh  (ugl?h
SP401589 17.8 5.1 31.9 137.8 632.9 <4.0
SP468841 16.8 5.5 24.1 362.0 <4.0

Permanent slides were prepared usingrmrRBee et al. (2001) technique, with heated
peroxide hydrogen (¥, 37%) to remove the organic matter. The reaction fuether completed
by addition of hydrochloric acid (HCI 37%) and faNing centrifugation cycles (1500 rpm) to rinse
the acid excess. A permanent slide from the orgliee material was mounted using Naph(@x.
= 1.74). The diatom community was investigated gignZeiss Axio Imager A2 light microscope
(LM) at 1000x magnification, equipped with Diffeteal Interference Contrast (DIC) and an

AxioCamMR5 digital camera. For the scanning elettnucroscopy (SEM) analysis, a subsample
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of the cleaned material was dried out on filtersunted on aluminium stubs and coated with
platinum using a BAL-TEC MED 020 Modular High VaecuiCoating System for 30 s at 100 mA.
An ultra-high-resolution analytical field emissi@RE) scanning electron microscope Hitachi SU—
70 (Hitachi High-Technologies Corporation, Tokyapdn) operated at 5 kV and 10 mm distance
was used for the analysis. SEM images were takaémg uke lower (SE-L) detector signal.
Photomicrographs were digitally manipulated andgslacontaining light and scanning electron
microscopy images prepared using the CorelDRAW RicapSuite X7.

Morphological terminology and comparisons betwegrecges were mostly based on
KRAMMER (1997a, bjand RounD et al. (1990).

The species complex morphological differences weakied using Bray-Curtis similarity
multidimensional scaling procedure (MDS) performéth R version 3.1.2 (REVELOPMENT CORE
TeEAM 2015)using the package ‘vegan’ packag&$®NEN et al. 2016) and an analysis of similarity
(NPMANOVA) was performed between the values of hasy groups in the MDS using the
Euclidean distance measure. A scatterplot matrix=(163) was achieved using the package
‘Performance Analytics’ (PrErRSON et al. 2014). The following features were taken into
consideration: (1) valve length (apical axis) andtlv (transapical axis), (2) length to width ratio,
(3) number of dorsal striae in 1in, and (4) number of ventral striae in @@ (Fig. 1). Differences
in morphometric data were examined using Kruskalig/aon-parametric “Rcmdr” test and the
package version 2.1-7 ¢ 2005, 2007).

Holotype permanent slides, as well as the raw dedned samples were deposited at
Herbéario Cientifico do Estado “Maria Eneyda P. Kmafhn Fidalgo” (SP), Sdo Paulo State
Department of Environment, Brazil. Isotypes wer@asited at BR, the Botanic Garden Meise,

Belgium.

Fig. 1. Morphological differences considered in Mpr®cedure: a) valve length, b) valve width, c)

length to width ratio, d) number of dorsal strinelDum and e€) number of ventral striae inr@.
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Results and Discussion

KRAMMER type material

Encyonema angustecapitatultRAMMER , Bibliotheca Diatomologica 37: 68, pl. 130, figs 8
15. 1997b (Figs 4-12).

Type: Venezuela. Caroni river-Fahrstellen. Leg. Rumrigpril 1, 1990. Holotype: 1099C
IOK, housed at the Hustedt collection BRM(!). Cepending to sample 1114B.

Scanning electron microscopy (SEM)Figs 4-12): External raphe fissure slightly undulate
(Figs 4, 6, 7). Proximal raphe end almost straitité,enlarged proximal endings slightly curved to
the dorsal side (Figs 4, 6-8). Raphe distal enddiest dorsally bent, than strongly hooked to the
ventral side ending onto the mantle (Figs 4—7AS)al area is narrow, linear (Figs 4, 6, 7). Striae
uniseriate composed by lineolae (Figs 4-12), numbe36-38 in 10um. Internally, struts provide
structural support to the foramen, whose openingrsdb¢hree spines at each side (Figs 10, 11).

Internally, the raphe fissure is interrupted byirgarmissio (Fig. 10).

Distribution and ecology

Encyonema angustecapitat@and E. ponteanunare sporadically mentioned, suggestive of an
underestimation of their real distribution. Regist€ E. angustecapitatuns in a specific webpage
about diatoms, that includes illustration and infation on its geographic distribution in the United
States (Phycology Section, Patrick Center for Emmmental Research, Academy of Natural
Sciences of Drexel University. Encyonema angustecapitatum(NADED 110034).
https://diatom.ansp.org/taxaservice/ShowTaxon12Zsdted _id=110034. Accessed 26 Oct 2016).

For South America, the species was reported ByZ4LTIN & LANGE-BERTALOT (1998) in a
survey of material collected in the Tapajos RivBragil). RUMRICH et al. (2000) documentel.
angustecapitatunirom the San Lucior pond (Colombia) aneWLLouD et al.(2010) from the
Colombian Amazon material (Porvenir River, AmazQnashe latter was collected in a
phytoplankton sample of a river with pH 6.3, contility of 10 uS cni', Secchi depth of 62 cm and
a temperature of 27.5 °C. ThenpNrovyA-MoReNO et al. (2013) through a bibliographical revision
to recognize freshwater diatom species presentoloribia, registered the species for the sites
already mentioned previously (Porvenir River, Sariar pond) and also for Frontino moorland.

However, no illustration nor description were peal.
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Figs 4-12. Type material dincyonema angustecapitatur8canning electron micrographs. All
pictures taken from the holotype population (11148)9. SEM external views of entire valve
showing the raphe and striae structure. 10, 11. $#é&tnal detail of areolae and raphe. Note the
areolae with struts providing structural supporthe foramen. 11. SEM internal detail of central
area with intermissio. 12. SEM external view ofdigrbands. Note the line of small pores.

Precisely for Brazil, only threE. angustecapitaturpublished records were foundo$&A &
OLIVEIRA (2007)reported the species from an epilithic diatom #tici survey of the Parana River
Basin (Goias State), but no illustrations or dgdimns were provided. MRQUARDT et al. (2010)
registered the species in a study of periphytitodis in the Rio das Pedras, located in Guarapuava
(Paran& State). Nevertheless, this taxon diffesmnfthe type material for absence of shoulders
especially on its ventral margin. Finally, AMQUARDT & Bicubpo (2014) reportedE.
angustecapitatunduring the floristic survey of the Cymbellales @kriophyceae) from the
Parque Estadual das Fontes do Ipiranga (PEFI)Paato city, southeast Brazil. Although a brief
description and illustration of the above specimerge available, clear differences can be noticed
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when it is compared to the type material, suchhagptesence of a lanceolate, ventral axial area and
the absence of well-defined shoulders.

The only register abouE. ponteanums, however, its original description iNnRKMMER
(1997b).

Formal descriptions of the new species

Encyonemaacquapura@WENGRAT, MARQUARDT & C.E.WETZEL sp. nov.(Figs 13-26).

Light microscopy (LM) (Figs 13-21): Valvesstrongly dorsiventralDorsal margin broadly
arched. Ventral margin linear. Apices narrow, spiitede to capitate, sometimes slightly deflected
to the ventral margins. Shoulders clearly develodezhgth 20.827.4 um. Width 5.06.0 um.
Length to width ratio 4:81.7. Axial area narrow, linear, wider on the vehimargin. Central area
absent. Raphe filiform, lateral. Proximal fissuvesakly expandedcurved to dorsal margin. Raphe
distal ends strongly deflected to the ventral nrar@triae parallel to slightly radiate at the ends.
Dorsal striae 1314 in 10 um, ventral striae 486 in 10 um. Indistinct areolae. Stigmoid absent.

Scanning electron microscopy (SEM) (Figs 22—26[External raphe fissure slightly undulate
(Figs 22, 23). Proximal end of raphe almost striaitite enlarged proximal endings slightly curved
to the dorsal side (Figs 22, 23, 25). Raphe desidk are first dorsally bent, then strongly hoaotked
the ventral side ending onto the mantle (Figs 32,28). Axial area is narrow, linear, and wider on
the ventral margin (Figs 22, 23). Striae uniser@mposed by apically-elongate areolae (Figs 22,
23, 25, 26), numbering ca. 36 in lfh. Internally, raphe fissure is interrupted by ateimissio
(Fig. 24). Raphe distal endings terminating on seNeloped helictoglossae (Fig. 24).

Etymology: From Latin ‘acquapura’, meaning pure water, in mefiee to the very clear
waters of the Rio Pequeno branch, in which theispatas collected.

Type locality: Brazil. Sdo Paulo, Billings Reservoir, Rio Pequénanch, sample SP401589
(23°47°'1.62"S, 46°26'11.28"W), leg. S. ®MGRAT & D. BicuDo, coll. date 06/08/2009.

Holotype: SP401589 (Herbario Cientifico do Estado “Maria Etel. Kauffmann Fidalgo”,
Sao Paulo, Brazil, depicted in Figs 13-21).

Isotype (here designated)BR-4422 (Botanic Garden, Meise, Belgium).
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Figs 13—26Encyonema acquapurap. nov. Light and scanning electron micrographkpi&tures
taken from the holotype population (SP401589). 134+M views showing variation in size and
valve outline. 22, 23, 25, 26. SEM external viewWsentire valve showing the raphe and striae
structure. 24. SEM internal view of entire valvewsing the raphe and striae structure, central area

with intermissio. LM scale bar = 30n (in Figs 13-21).
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Taxonomic remarks: This species is very similar #6. angustecapitaturand they can be
misidentified at first sight, especially under ligmicroscopy (LM). The type material here
investigated (Figs 4—12) and which was illustrdigcdKrRAMMER (1997b, pl. 130: figs 8-15) clearly
show the differences between the two species. EHhussquapuraean be discriminated by having
() more radiate dorsal striae, (i) wider axiakaron ventral side, (iii) greater measurements
(length: 20.827.4 um and width: 5:6.0 um), and (iv) smaller length to width ratioG41.7).

This species is to be comparedgopankowiilLANGE-BERTALOT & KRAMMER in KRAMMER.
Although their measurements overlap, the latterléss striae and areolae in 10 um (Table 3), so
that they appear somewhat coarse when they are isedrM. Encyonema acquapuraes
distinguished fronkt. ponteanunby its largest dimensions and smaller length tathvrdtio (Table
3). Another similar specie§. gaeumanni(F. MEISTER KRAMMER is smaller (45 um) and has
comparatively more striae (3B3) and more areolae in 10 pum {38), as well as more protracted
ends. Furthermore, it shows very narrow axial arehlarger apices (Table 3). In addition, all these
species show a parallel striae pattern whee@squapuradias a radiated one

Encyonema acquapurais also similar toE. kabanienseRODIONOVA & POMAZKINA in
POMAZKINA & RODIONOVA (2014). Although no LM images of the latter species areilalte,
differences regarding its areolae pattern (rouratediinternally supported by struts) may be useful

in separating both taxa.
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Table 3. Main morphological characters of the @wyonemapecies populations.

Encyonema E. tenue E. sparsistriatum E. paradisiacum
acquapurae

Valve outline dorsal side convex, dorsal side convex, dorsal side dorsal side convex,
ventral side ventral side slightly convex, ventral ventral side straight
moderately convex convex to straight side slightly to slightly convex
to straight convex to straight

Valve ends subcapitate to capitate, sometimes rostrate to rostrate to
capitate, sometimes slightly deflected to capitate, subcapitate
deflected to the the ventral side sometimes
ventral side deflected to the

ventral side

Length (um) 20.8-27.4 20.4-25.3 15.5-21.5 18.3-26.8

Width (um) 5.0-6.0 4.0-4.5 4.0-7 3.2-3.8

Striae parallel to slightly  parallel to slightly  parallel to slightly parallel to slightly

arrangement radiate radiate radiate radiate

Maximum length  4.0-4.7 4.6-6.1 4.0-4.8 5.3-7.2

to width ratio

Shoulder clearly developed clearly developed podelyeloped  absent

Central area absent absent absent absent

Axial area narrow, ventral narrow, ventral or narrow, ventral narrow, ventral or

sometimes dorsal sometimes dorsal

Dorsal striae in 13-14 11-14 11-12 13-15

10 um

Ventral striae in ~ 13-16 11-14 11-12 14-16

10 pm

Areolae in 10 um 36 36-40 40-50 35-40

Morphology of lineolate rounded, lineolate lineolate, lineolate and Y-

the areolae in irregularly shaped

external view arranged along

(SEM) axial area




Ecology: Encyonema acquapuramaterial was common in samples collected from
plankton and surface sediments of the Billings mese Rio Pequeno branch (relative
abundances 2%). The water is oligo-mesotrophic with low netri concentrations (Table
2). The new species was collected associated ®itchysira brebissoniiR. Ross
Encyonopsis sanctipaulensSWENGRAT et al., Eunotia venerisKUTzING and Encyonema
sparsistriatumsp. nov

Encyonema tenudMARQUARDT, WENGRAT & C.E.WETZEL sp. nov.(Figs 27-38).

Light microscopy (LM) (Figs 27-35): Valvesstrongly dorsiventralDorsal margin
arched. Ventral margin slightly arched to lineaithva slight indentation near the median
area. Apices narrow, capitate, sometimes slighgjedted to the ventral margin. Shoulders
clearly developed. Length 2625.3um. Width 4.64.5 um. Length to width ratio 4-&.1.
Axial area narrow, linear, wider on the ventral giar Central area absent, sometimes with
shorter and spaced striae on dorsal side (Fig8432 Raphe filiform, lateral. Proximal
fissuresweakly expandedslightly curved to dorsal margin. Raphe distal esttengly
deflected to the ventral margin. Striae paralleslightly radiate at the ends. Dorsal striae
11-14 in 10 um, ventral striae 414 in 10 pm. Indistinct areolae. Stigmoid absent.

Scanning electron microscopy (SEM) (Figs 3@8): External raphe fissure slightly
undulate (Figs 36, 38). Proximal end of raphe atnstsight, enlarged, slightly curved to
the dorsal side (Figs 36, 38). Raphe distal enddfiest dorsally bent, and then strongly
hooked to the ventral side ending onto the mairiigs(36, 38). Axial area is narrow, linear
(Figs 36, 38), slightly wider to the ventral sid&triae are composed of rounded to lineolate
areolae (Figs 36, 38), numbering-8B in 10um. Internal striae are composed of rounded,
lineolate and unequal areolae (Fig. 37). Internale raphe fissure is interrupted by an
intermissio (Fig. 37). Raphe distal ends termirgatim well-developed helictoglossae (Fig.
37).

Etymology: Specific epithet refers to tHesser valve width when comparedEo
acquapurae

Type locality: Brazil, Sdo Paulo, Casa Branca, sample SP1883%7, AeA.J.
CasTRO& C.E.M.BicuDo, coll. date 17/10/1989.



)
|
|
i
|
|
|
y

Figs 27-38.Encyonema tenusp. nov. Light and scanning electron micrograph. A
pictures taken from the holotype population (SPP2F83 27-35. LM views showing

variation in size and valve outline. 36, 38. SEMeenal views of entire valve showing the
raphe and striae structure. 37. SEM internal viéverdire valve showing the raphe and

striae structure, central area with intermissio. &dale bar = 1am (in Figs 27-35).
Holotype: SP188327 (Herbario Cientifico do Estado “Maria Eeey. Kauffmann

Fidalgo”, Sao Paulo, Brazil, depicted in Figs 2735
Isotype (here designated)BR-4468 (Botanic Garden, Meise, Belgium).
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Taxonomic remarks: The new species was recorded Easangustecapitatunin
MARQUARDT & Bicubpo (2014). However, ultrastructural analysis showesdl the Casa
Branca specimens have rounded areolae, wherehs tgpge material are lineolate. Spaced
dorsal striae at median region were not observésl engustecapitatunll other features
usually overlap.

Encyonema pankowfias less striae (301) and areolae (320) in a 10um interval,
wider valvar width (5.56.5um) and length to width ratio (4.4) (Table 3).

Ecology: Encyonema tenueas collected from a marsh (Casa Branca city,F2ado
State) with relative abundance 2%. The new collected species was associated with
Encyonopsis schubartiiHusTEDT) KRAMMER, Kurtkrammeria frequentif KRAMMER)

BaHLs andGomphonemap. There is no information about the local watdriants.

Encyonema sparsistriatunMARQUARDT, WENGRAT & C.E.WETZEL sp. nov. (Figs
39-51)

Light microscopy (LM) (Figs39-47): Valves strongly dorsiventralDorsal margin
arched. Ventral margin slightly convex to linearpiées narrow, rostrate to capitate.
Shoulders poorly developed. Length 125.5 um. Width 4.64.7 um. Length to width
ratio 4.0-4.8. Axial area narrow, linear, wider thre ventral margin. Central area absent.
Raphe filiform, lateral. Proximal fissuregeakly expandeccurved to dorsal margin. Raphe
distal ends strongly deflected to the ventral mar§itriae parallel to slightly radiate at the
ends. Dorsal striae 312 in 10 um, ventral striae 412 in 10 um. Indistinct areolae.
Stigmoid absent.

Scanning electron microscopy (SEM) (Figs 4&1): External raphe fissure slightly
undulate (Figs 48, 51). Proximal raphe end almaostight, the proximal endings are
slightly curved to the dorsal side (Figs 48, 49. Raphe distal ends first dorsally bent, and
then strongly hooked to the ventral side (Figs 3B),. Axial area is narrow, linear, and
wider to the ventral side (Figs 48, 51). Striae posed of lineolate areolae along the valve
irregularly arranged along the axial area (Figs 48) numbering 4%0 in 10 um.
Internally, the raphe fissure is interrupted byirgermissio (Fig. 50). Raphe distal endings

terminating in well-developed helictoglossae (5@).
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Figs 39-51Encyonema sparsistriatusp. nov. Light and scanning electron micrographs.
All pictures taken from the holotype population 48B2589). 39—47. LM views showing
variation in size and valve outline. 48, 49, 51 Mséxternal views of entire valve showing
the raphe and striae structure. 50. SEM interrel\of entire valve showing the raphe and
striae structure. LM scale bar = it (in Figs 39-47).

Etymology: The specific epithet refers to its more spacedsandller striae number
when compared to other species of h@ngustecapitaturmomplex.

Type locality: Brazil. Sdo Paulo, Billings Reservoir, Rio Pequdmanch, sample
SP401589 (23°47'1.62"S, 46°26'11.28"W), leg. SEMERAT & D. Bicubo, coll. date
06/08/2009.

Holotype: SP401589 (Herbario Cientifico do Estado “Maria Eeey. Kauffmann
Fidalgo”, Sado Paulo, Brazil, depicted in Figs39).
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Isotype (here designated)BR-4422 (Botanic Garden, Meise, Belgium).

Taxonomic remarks: Encyonema sparsistriatumiffers fromE. acquapuradan its
smaller dimensions (15-59.8 um length and 4:9.5 pm widthyand smaller striae density
(12-12 in 10um) composed by rounded areolae, that also are monerous (4860) in a
10 um interval.

Encyonema sparsistriatundiffers from Encyonema menezesia®/.J. SILVA &
M.G.M. Souza mainly in its valve outline and areolae shapesparsistriatumnis strongly
dorsiventral and hasmunded areolgevhereasE. menezesiaés slightly dorsiventral and
has areolae with linear foramina.

Ecology: This new species was rare in the samples collettma the surface
sediments of Billings reservoir Rio Pequeno brafrelative abundance 2%). The water
is oligo-mesotrophic with low nutrient contents fl@2). The new species was associated
with Brachysira brebissoniiEncyonopsis sanctipaulensiEncyonema angustecapitatum

Eunotia veneri@endEncyonema acquapurae

Encyonema paradisiacunMARQUARDT, WENGRAT & C.E. WETZEL sp. nov. (Figs
52-66).

Light microscopy (LM) (Figs 52-60): Valves strongly dorsiventral Dorsal side
arched. Ventral margin slightly arched to lineapides narrow, rostrate, subcapitate to
capitate. Length 18-26.8um. Width 3.23.8um. Length to width ratio 5-F.2. Axial area
narrow, linear, broader on the ventral margin. @drdrea absent. Raphe filiform, lateral.
Proximal fissuresveakly expandedslightly curved to dorsal margin. Raphe distatien
strongly deflected to the ventral margin. Dorsehbstparallel to slightly radiate at the ends,
dorsal striae 135 in 10 um, ventral striae 446 in 10 um, very short in the median area.
Indistinct areolae. Stigmoid absent.

Scanning electron microscopy (SEM) (Figs 6566): External raphe fissure slightly
undulate (Fig. 61). Proximal end of raphe almostight, slightly curved to the dorsal side
(Figs 61, 62). Raphe distal ends are first dordadigt, than strongly hooked to the ventral
side (Figs 61, 62, 64). Axial area is narrow, linemd wider to the ventral side (Figs 61,

62). Striae are composed of lineolate areolae, Boree Y-shaped (Figs 61, 62, 64),
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numbering 3540 in 10um. Internally, the raphe fissure is interrupted &y intermissio
(Figs 63, 65). Raphe distal endings terminatingefl-developed helictoglossae (Fig. 66).

Etymology: From Latin ‘paradisus’ or Greek ‘paradeisos’: paajlin reference to
the place where it was collected (Ribeirdo do Canagervoir).

Type locality: Brazil, Sdo Paulo, Ribeirdo do Campo Reservoir,pdar8P427990
(23°39'31.8"S, 45°49'23.22"W), A.C.R.&tHA & D.C. Bicupo, coll. date 13/08/2010.

Holotype: SP468841 (Herbario Cientifico do Estado “Maria Eeey. Kauffmann
Fidalgo”, Sao Paulo, Brazil, depicted in Figs 5260

Isotype (here designated)BR-4430 (Botanic Garden, Meise, Belgium).

Taxonomic remarks: Encyonema paradisiacuhmas strongly curved raphe to a very
narrow ventral margin, with short striae placedyomlarginally or entirely absent. These
features are similar to those of so@gmbellopsikRAMMER species. However, according
to KRAMMER (1997b)Encyonemastructure significantly differs frorCymbellopsisin the
latter genus, the areolae are quite irregular antesof them often form clusters that appear
as rough points at LM. Also, the foramina are eitelicate apical elongated slots or
irregularly x-shapeapenings Regarding the areolae ultrastructure, SEM obsemsatof
E. paradisiacumshowed that they are always lineolate or Y-shajpégs 62, 63, 65) and
their striae are not interrupted.

Ecology: The new species was somewhat rare in the surfatiensets samples
collected from Ribeirdo do Campo reservoir (Salessgrity, Sdo Paulo state) (relative
abundance< 2%). The water is oligotrophic with low nutrienbrdents (Table 2). The
species was associated wiEhnotia botuliformig=. WiLD, NORPEL& LANGE-BERTALOT, E.
bilunaris (EHRENBERG SCHAARSCHMIDT and Brachysira seriang{BREBISSON ROUND &
D.G.MANN.
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Figs 52—-66 Encyonema paradisiacusp. nov. Light and scanning electron micrographs.
All pictures taken from the holotype population 42RP990). 52—60. LM views showing
variation in size and valve outline. 61, 62, 64 M5&xternal views of entire valve showing
the raphe and striae structure. 63, 65, 66. SEBnat view of entire valve showing the
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raphe and striae structure. Fig. 65. Detail ofititermissio. LM scale bar = 1@n (in Figs
52-60).

Morphological examination

Differences between the studied groups were evebkby using their morphological
measurements (Fig. 1). Similarity tests (NPMANOMZJrformed on the resulting groups
in the MDS, revealed statistically significant difénces{ values:<0.001, <0.01, <0.05)
between the four studied taxa (Table 4) but not BEorangustecapitatunmand for E.
ponteanumThe small number oE. ponteanunrepresentatives may have contributed to
this result. However, no representative of the igsewas found during the re-examination
of the type material, and the measures used irathasysis were based only omRKMMER
(1997Db).

The procedure distinguished four groups of specgr@nfollowsE. acquapuragN
= 15 specimensk. tenue(N = 11 specimensk. sparsistriatun{N = 12 specimens) ariel
paradisiacum(N = 15 specimens), besidEs angustecapitaturfN = 7) andE. ponteanum
(N = 3) type materials (Fig. 4). These groups andent during the ordination analysis,
with a ‘stress’ of 0.07596, indicating that gragtidistances among species were close to
the original similarities. All species were eadligtinguished by the morphometric analysis

approach (Fig. 2).
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Coordinate 2
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-0.15

Coordinate 1

Fig. 2. Multidimensional scaling procedure (MDSptpbased on Bray-Curtis similarities
betweenE. angustecapitaturapecies complex in this study and 4 species disished by
cluster analysis (symbols). Legend symbols: filledtle: E. acquapuragwhite circle:E.
tenue inverted triangle: E. sparsistriatum diamond: E. paradisiacum square: E.

angustecapitaturand triangleE. ponteanum.

For the scatterplot matrix, correlation betweergtanand width (0.45), length and
length to width ratio (0.57), width and length talti ratio (-0.38), width and ventral striae
(0.27) and dorsal and ventral striae (0.87) wegmicant and very useful features for
species differentiation (Fig. 3).
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Fig. 3. Scatterplot matrix of measurements of riencyonemaspecies. Variation in the
valve length, width, striae in 1dm and length to width ratio (L:W). Distribution efch
variable is shown on the diagonal. Legend => filtedle: E. acquapuragsquareE. tenue
diamond: E. sparsistriatum triangle: E. paradisiacum inverted triangle: E.
angustecapitatunand white circleE. ponteanumLower panel: the bivariate scatter plots
with a fitted line are displayed. Upper panel: th@ue of the correlation plus the
significance level as stars. Each significance lle&v@associated to a symbgd:values (O,

0.001, 0.01, 0.05, 0.1, 1) <=> Symbols (“+", “emsn «n w»)
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Table 4. NPMANOVA test performed on morphologictfetences resulting groups in the

MDS using the Euclidean distance measBrealues shown (<0.001, <0.01, <0.05).

E.tenue  E. sparsistriatum  E. paradisiacum E. ategapitatum  E. ponteanum
E. acquapurae <0.01 <0.001 0.002 <0.001 <0.001
E. tenue 0.0012 <0.05 <0.001 <0.01
E. sparsistriatum <0.001 <0.05 <0.01
E. paradisiacum 0.0004 <0.001
E. angustecapitatum 0.1593
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Table 4. Main morphological charactersswfcyonema angustecapitatiype materials

and related species. nd: no data.

Encyonema E. ponteanum E. gaeumanni(F. E. pankowilLANGE-
angustecapitatum KRAMMER MEISTER) KRAMMER BERTALOT &
KRAMMER KRAMMER in
KRAMMER
Valve outline dorsal side convex, strongly dorsiventral, strongly dorsiventral, strongly
ventral side moderately elliptic lanceolate, elliptic lanceolate dorsiventral, elliptic
convex to straight dorsal side convex, lanceolate, dorsal
ventral side side convex, ventral
moderately convex, side moderately
straight or slightly convex, straight or
concave slightly concave
Valve ends capitate capitate, narrow and capitate, broad and capitate, narrow and
rounded rounded rounded
Length (um) 17-24 18-20 14-22 24-28
Width (um ) 4.1-5.1 3.8-4.2 4-5 5.5-6.5
Striae Parallel parallel to slightly parallel to slightly parallel to slightly
arrangement radiate radiate radiate
Maximum 5.3 4.4 4.4 4.4
length to width
ratio
Shoulder rounded and clearly clearly developed on sometimes absent on clearly developed on
developed the ventral side the dorsal side the ventral side
Central area narrow, slightly ventral absent abeestightly Absent
dorsal
Axial area narrow, linear narrow, ventral narroiwehr narrow, ventral
Dorsal striae in  12-15 12-14 15-18 10-11
10 pm
Ventral striae in  14-15 15-16 18-19 17-18
10 pm
Areolae in 10 36-38 28-32 38-42 18-20
pm
Morphology of  Lineolate nd lineolate Nd

the areolae in
external view
(SEM)
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Final remarks and conclusion

Present observations of the type materiaEofangustecapitatunculminated with a
better understanding of the complex identity, aatpéd to identify four new taxa that were
formerly misidentified.The species in th&. angustecapitatuncomplex can be separated
mainly by differences of their morphological feasirsuch as valve outline, axial area, valve
length, valve width, length to width ratio, numhmérstriae in 10um and number and type of
areolae in 1um. Although most morphological characteristics It species examined are
similar and overlap among themselves, analysesdb@sé¢he combination of morphological
data were useful for the identification of tHe angustecapitatumspecies complex.
Morphometric and statistical analysis has been shtmnbe a useful and widely used tool for
the separation of diatom complexes as well as limdemportant features in the species (e.g.
WENGRAT et al. 2015WETZEL & ECTOR2015;ZELAZNA-WIECZOREK& OLSZYNSKI 2016).

All species were quite rare in all samples curgestiudied making LM and SEM
observations quite difficult. Their biogeography still unclear, but just American’s
distribution were found until now (Fig. 67). We oat excluded that the new species are
more widespread than just in the S&o Paulo .sthiis observation concerns the significant
amount of Cymbellales representatives recently ridest (e.g. BHLS 2015; L CoHu et al.
2015;YANA & MAYAMA 2015;HEUDRE et al. 2016; MRQUARDT et al. 2016)Moreover, the

new taxa might be characteristic for oligotrophabitats in tropical areas.

90°0'0"W 50°0'0"W
1 1 L 1 1 1

[F40°0'0"N
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. E. angustecapitatum '
/\ E. paradisiacum

* E. ponteanum

YV E. sparsistriatum

O E. tenue
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>z

e 0 625 1250 2500
-_———— K

Fig. 67. Distribution ofE. angustecapitatuntomplex reported from the literature:
(black star) type locality oE. angustecapitatunand E. ponteanumn Venezuela; (white
symbols) represent E. Acquapurae distribution; (black symbol) representE.
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angustecapitatum (triangle) represent. paradisiacum (inverted triangle) represert.

sparsistriatumand (diamond) represeft tenue

This study contributes to the need of documentimdy idustrating diversity to facilitate
research on diatom biogeography, ecology and petéagy in Brazil. Further research on the
diatom diversity of Brazilian environments may lesd to the discovery of other new species

due to the few taxonomic studies already perforaratithe little attention given to rare taxa.
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Conclusdes e consideracdes gerais

O presente estudo permite as seguintes concluséesmendacodes:

O capitulo 1 fornece novas informacdes sobre a ecologia e aibdigttio de
diatomaceas tropicais. Foram delineados trés gnppiesnciais de diatomaceos indicadores da
qualidade da agua, que indicaram 1) condicdes tolificas, 2) de mistura de agua com
condicOes de baixa luminosidade e 3) espécies caior@s requerimentos de nutrientes,
ocorrendo em aguas de maior condutividade e ptcdado com os relatados na literatura.
Reforcamos ainda a importancia do PEJU para a magé da qualidade ecoldgica dos
reservatorios e condicfes de referéncia para éssfole agua da Regiao Metropolitana de S&o
Paulo.

No capitulo 2 utilizamos comunidades de diatomaceas fitoplamcad e de
sedimentos superficial para avaliar diferentesucitys de dados (separados por categorias de
raridade) na analise de importancia do ambientd ldo espaco na variacdo da comunidade.
As diatomaceas sao consideradas ubiquas e sua sighgpaomunitaria € determinada
predominantemente pela classificacdo de espédespbiente. No entanto, h4 um contraste
claro entre esta avaliacao e a literatura receaterdaceas, que contém muitas alegacdes de
endemismo. Os resultados mostram que apesar deeseguma mesma tendéncia, a resposta
das diatomaceas foi dependente da estacdo clingtia habitat. Nesta escala espacial, a
distribuicdo de diatomaceas em ambos os compatise(fitoplancton e sedimento
superficial) foi organizada principalmente pelo pomente espacial durante o verdo, ao
contrario de estudos recentes que suportam os$atnbientais como principal preditor.
Durante o inverno, o componente ambiental foi pneleoante apenas para as comunidades de
diatoméaceas de fitoplancton. No entanto, a condetile hidrolégica proporcionou maior
influéncia dos processos de dispersao sobre awstrda comunidade, desempenhando um
papel importante na explicacdo da dinamica dasaoetanidades de diatomaceas. Assim,
esta variavel ndo deve ser negligenciada nos medple predizem o funcionamento do
ecossistema.

O capitulo 3tratou de dois grandes objetivos. Em primeiro lugélizamos a particdo
aditiva da diversidade para examinar se os reggigatem cascata no mesmo rio diferem na
divisdo da diversidade em diferentes escalas devasrios localizados em diferentes rios.

Em segundo lugar, determinamos se 0s reservatéoiosligacdo direta ao curso de agua
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possuem menor diversidade beta do que os resaogmem conexdo. Descentramos as
contribuicbes do turnover espacial e aninhamenw pealrdes de diversidade beta e suas
mudancas através da perda e ganho de espéciesgaodio periodo de estudo com o quadro
quantitativo recentemente proposto por BaselgaQR0Q estudo revelou que as conexodes
hidrolégicas foram importantes na estruturacdo ataunidade, sugerindo maiores taxas de
dispersdo entre localidades em ambientes conect&#va fins de conservacdo, nossos
resultados sugerem uma protecdo em grande essatgyuaando a diversidade beta entre os
locais e conservando a diversidade total.

O capitulo 4, utilizamos a distancia de decaimento como desciia variacao
composicional da similaridade da comunidade deodiateas entre os diferentes habitats
(fitoplancton e sedimento superficial) e estac®esd0 e inverno, apenas para fitoplancton).
Nosso estudo apodia a visdo da teoria neutra, g mue o decaimento da similaridade da
comunidade deve ser particularmente forte em digt@nespaciais curtas, determinando
padrées em metacomunidades de diatomaceas dosatéses estudados. As diatomaceas
nos sedimentos de superficie responderam de fagmallante aos resultados observados na
coluna de &gua, mas os resultados ndo foram @&statiente significativos. Isto €
provavelmente devido ao caréater integrativo dorsedto, que acumula 1 a 2 anos de eventos
do reservatério ao invés de uma uUnica estacdo. AliBBD, 0S processos na natureza sao
dependentes da escala e o limite da dispersdogmrduais importante em pequenas escalas
(<100 km). Além disso, a area de estudo ndo impactaode ser considerada um fator
importante na determinacdo das contribuicbes velatde componentes geograficos para a
estrutura da comunidade de diatoméaceas.

O capitulo 5 compara conjuntos de dados de diatomaceas enertisrcategorias de
raridade, baseado nas abundancias relativas eéfrei@i$ de ocorréncia, para verificar suas
respostas na abordagem WA e calibracdo das cosdig@i®ologicas que inferem. Os valores
de correlacdo {fy do ajuste gaussiano (curvas de resposta) doeewiés modelos foram
utilizados para avaliar a precisdo dos indicadd&s O pressuposto subjacente é que o
modelo é inadequadamente capaz de caracterizatimmgsoe tolerancias de espécies que
ocorrem apenas algumas vezes, e que seu desengerahpode ser melhorado eliminando-
as. Os resultados revelaram que a manipulacaoifdwerdes conjuntos de dados influencia
significativamente os desempenhos dos modeloseNesgido, a remocao de taxons raros foi
contraproducente e os modelos de funcédo de tré@nsiardesenvolvidos, removendo taxons
raros, reduziram os desempenhos do modelo. Emlosisos resultados corroborem com os
de Wilson et al. (1996), com uma forte evidénciaqgde o tamanho da amostra tem uma
grande influéncia sobre os resultados, a andlisgvds raros no biomonitoramento é um
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tema em discussédo e, escolher um corte para éuifalos” causados por taxons raros nos
conjuntos de dados pode ser subjetivo. No entantoabalho contribui para uma melhor
compreensdao da ecologia das diatomaceas, espetialras de reservatérios tropicais,
apoiando o desenvolvimento de um protocolo de mmmtento biolégico de diatomaceas
para a area de estudo.

O capitulo 6 possui um enfoque taxondmico com analise de naatéipo de
Achnanthidium minutissimumA. catenatum¢onsiderados dois dos tAxons mais comumente
relatados em trabalhos floristicos e ecologicosode o mundo e a descricdo de uma nova
espécieA. tropicocatenatumO capitulo ressalta que registrosAdecatenaturmo Brasil sdo
considerados questionaveis porque podem ter sidirmdidos comA. tropicocatenatunsp.
Nov. Com o aumento do uso de diatomaceas comoaiddies da saude do ecossistema, 0
estabelecimento da identidade de pelo menos osgdxmis comuns poderia melhorar a
precisdo das ferramentas de diagndstico ecolégieodgpendem fortemente das categorias
taxonémicas mais inclusivas como unidades basicasgpressam a mudanca ambiental. A
descricdo deA. tropicocatenatummelhora nosso conhecimento sobre a biogeografia de
espécies neste complexo e permite seu uso em sstwdddgicos e biogeograficos mais
precisos.

No capitulo 7, uma nova espécie de diatomaceas de agua dotiiqaepertencente ao
géneroSellaphoraregistrada de um reservatorio em Sao Paulo (sudesBrasil) € descrita
como S. tropicomadidaMarquardt & C.E.Wetzel, sp. nov. Sdo também amtas@s
implicacfes ecoldgicas e critérios diagndsticosrdifciais em relacdo a espécies similares do
Sul do Brasil. Comparacdo com espécies semelhantasbase na literatura e informacdes
sobre sua ecologia também sao fornecidos. As asaldas amostras coletadas nos
reservatorios brasileiros revelaram uma flora mdiigersa, com espécies desconhecidas e
Unicas de diatoméceas, que esclarecem a importdec&aliar a identidade ea distribuigéo
de diatomaceas tropicais. Além disso, nossos estudostraram a importdncia do uso
rotineiro de MEV na estrutura de pequenas diatoagdgém conhecimento mais profundo da
flora que habita nesta regido insuficientementeestigada e seu padrdo de colonizacéo
desempenharda um papel chave na elaboracdo deizésetr dispositivos especificos de
manejo.

No capitulo 8 o material de tipdeEncyonema angustecapitatuim investigado para
estabelecer a identidade de varias populacdesldirasi de Encyonema Também foram
discutidas notas sobre sua distribuicdo. A andliH@S distinguiu quatro espécies de
Encyonematualmente descritas como novas para a ciéBoeyonema acquapurap. nov.,
Encyonema sparsistriatuisp. nov.,Encyonema tenusp. nov. eEncyonema paradisiacum
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sp. Nov. As quatro novas espécies podem ser sg@a@in base numa combinacdo das
seguintes caracteristicas morfoldgicas: contornovd@laula, area axial, comprimento da
valvula, largura da valvula, relagdo comprimentargura, nimero de estrias em i e
namero de areolas em 1n. Quanto as preferéncias ecoldgicas, as quatkciespforam
encontradas principalmente em ambientes oligotéfie oligo-mesotréficos. O estudo
contribui para a necessidade de documentar eatuatdiversidade para facilitar a pesquisa
sobre biogeografia de diatoméaceas, ecologia e @addmgia no Brasil. Pesquisas adicionais
sobre a diversidade de diatomaceas dos ambierasitebins podem ainda levar a descoberta
de outras novas espécies devido aos poucos edixtmsOmicos ja realizados e a pouca

atencdo dada aos taxa raros.
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