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RESUMO: Zygnematophyceae (Streptophyta) no perifiton de lagos urbanos do municipio
de Goiania, GO

Lagos urbanos compreendem habitats com uma grande diversidade bidtica e abiotica. Este estudo
teve como objetivo analisar a estrutura da comunidade de algas Zygnematophyceae no perifiton
de nove lagos eutroficos urbanos de Goiénia, GO. As amostras foram coletadas em agosto de 2014,
na zona litoranea. O perifiton foi coletado de dois substratos diferentes, peciolos de macroéfitas
(epifiton) e seixos (epiliton). No total, 49 taxons de Zygnematophyceae foram registrados,
distribuidos em duas ordens, cinco familias e 13 géneros. A maior valor de clorofila foi relatado
no lago Beija-flor (2,9 pg cm2), enquanto o menor no lago Jardim Botéanico (0,8 ug cm?). O
epiliton apresentou um valor médio relativamente maior (2,4 ug cm) quando comparado com
epifiton (1,5 ug cm), embora tenham sido relatados, ndo houve diferenca estatistica significativa
entre os substratos (W = 51,0; p = 0,148). Entre as classes taxondmicas, Cyanobacteria foi a mais
contributiva para a densidade do perifiton (6.0 x 10° ind cm™?) especialmente no epiliton,
representando de 70 a quase 100% em alguns lagos. A Classe Bacillariophyceae teve a segunda
maior contribuicdo, seguida por Chlorophyceae. Com base na frequéncia de ocorréncia, a maioria
dos taxons foram classificados como raros, estando presente em menos do que 20% das amostras.
Apenas Cosmarium tenue e Mougeotia sp. 3 foram classificados como comuns. A densidade média
de Zynematophyceae foi de 6,2 x 10% ind cm™, representando 0,82% da comunidade perifitica no
epifiton e 0,02% no epiliton. A maioria dos taxons aqui apresentados foram citados pela literatura
em habitats eutroficos, e podem ser usados como indicadores bioldgicos (por exemplo,
Staurastrum volans, Pleurotaenium trabecula var. trabecula, Closterium acutum var. variabile.
Alguns lagos com valores relativamente elevados de nutrientes (por exemplo, lago Flamboyant)
também apresentou alta diversidade, o que pode ser explicado pela tolerancia destes tdxons aos

seus ambientes locais.

Palavras-chave: Algas, Diversidade, Desmidias, Estrutura de comunidade, Lagos rasos
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ABSTRACT: Zygnematophyceae (Streptophyta) in periphyton of urban ponds in the city
of Goiania, GO

Urban ponds comprise habitats with a great diversity biotic and abiotic. This study aimed at
analyzing the community structure of Zygnematophyceae algae in the periphyton of nine urban
eutrophic ponds from Goiania, GO. Samples were collected in August 2014, in the littoral
zone. Periphyton was collected from two different substrates, macrophyte petiole (epiphyton) and
pebbles (epilithon). Altogether 49 Zygnematophyceae taxa were recorded, distributed in two
orders, five families and 13 genus. The highest chlorophyll a value was reported at Beija-flor Pond
(29 pg cm?), while the smallest one at Jardim Botinico Pond (0.8 pg cm™).
The epilithon presented a relatively higher mean value (2.4 pg cm?) when compared
to epiphyton (1.5 pg cm), although no statistical difference were reported between the substrates
(W = 51.0, p = 0.148). Among taxonomic classes, Cyanobacteria contributed most
to periphyton density (6.0 x 10° ind cm) especially in the epilithon, representing from 70 to
almost 100% in some ponds. The class Bacillariophyceae had the second highest contribution,
followed by Chlorophyceae. Based on frequency of occurrence, most taxa were classified as rare,
being present in less than 20% of the samples. Only Cosmarium tenue and Mougeotia sp. 3 were
classified as common. The average Zynematophyceae density was 6.2 x 10° ind cm™, representing
0.82% of the periphytic community in the epiphyton and 0.02% in the epilithon. Most taxa reported
here have been cited by literature in eutrophic habitats, and may be used as biological
indicators (e.g., Staurastrum volans, Pleurotaenium trabecula var. trabecula, Closterium acutum
var. variabile. Some ponds with relatively high nutrient values (e.g., Flamboyant pond) also
presented higher diversity, which can be explained by these taxa tolerance to their local

environments.

Keywords: Algae, Diversity, Desmids, Structure community, Shallow ponds



1. INTRODUCAO GERAL

O perifiton é uma complexa comunidade representada por um biofilme que atua na
interface entre o substrato e a agua circundante. Esta comunidade compreende 0s organismos
microscopicos fotossintetizantes e outros microorganismos (bactérias, fungos e animais), junto a
detritos organicos e inorganicos que se encontram aderidos ou intimamente associados a algum
substrato (WETZEL, 1983).

Por responder prontamente as mudancas do meio aquético, o perifiton vem sendo bastante
utilizado como indicador bioldgico, funcionando como um sensor das variaveis ambientais. Essa
caracteristica se deve ao fato desta comunidade apresentar alta taxa de diversidade e curto ciclo de
vida, assim podendo também ser facilmente utilizada para desenvolver e testar modelos ecolégicos
(CETTO et al., 2004). Além dessas caracteristicas, o perifiton apresenta efetiva participacdo na
reciclagem de nutrientes inorganicos, uma vez que quase toda producdo fotossintética €
mineralizada continuamente neste biofilme (SAND-JANSEN, 1983).

Geralmente, as algas integram a maior parte do perifiton, constituindo a base produtiva
dessa comunidade. Consideradas importantes produtoras primérias, em alguns ecossistemas
aquaticos as algas perifiticas chegam a contribuir com até 90% da producdo primaria total
(WETZEL, 1990) e por serem capazes de acumular grandes quantidades de substancias nocivas
(NEAL, 1967; SLADECKOVA, 1962, 1991), constituem poderosos bioindicadores do estado
tréfico dos ecossistemas aquaticos, evidenciando as mudangas na qualidade da dgua e da dindmica
do sistema (LOVERDE-OLIVEIRA et al., 2006).

Dentre as algas perifiticas, a Classe Zygnematophyceae constitui um grupo bastante
representativo no que diz respeito ao nimero de géneros e especies (COESEL, 1982, 1996;
BROOK, 1981). Tal classe ¢ comum em ambientes oligotréficos a mesotréficos (COESEL, 1982,
1996), especialmente ecossistemas aquaticos de aguas acidas (BROOK, 1981), embora algumas
espécies também sejam registradas em aguas alcalinas (BROOK, 1981). E segundo Rizicka
(1977), algumas espécies dos géneros dessa classe, como Staurastrum, Cosmarium e Closterium,
sdo utilizados para indicar ecossistemas eutroficos, onde o pH chega a variar entre 6,7 a 8,5.

Assim, dentre os grupos algais que compdem o perifiton, este estudo abordara a Classe
Zygnematophyceae. Estas algas podem ser utilizadas para o manejo e conservacgao dos sistemas
aquaticos, uma vez que exibem alta sensibilidade as mudancas do meio (COESEL, 2001) e
apresentam excelente plasticidade celular, permitindo que grande parte dos representantes
consigam rapida adaptacdo aos diversos habitats (BROOK, 1981). Apesar dos estudos ficoldgicos

serem abundantes no Brasil, trabalhos que apresentam a Classe Zygnematophyceae com enfoque



ecoldgico sdo incipientes, especialmente em uma abordagem quantitativa, e quando abordadas eles
a trazem como elemento secundario. Visto a caréncia de estudos na area ecoldgica, principalmente
desta classe na comunidade ficoperifitica, este trabalho objetivou avaliar a estrutura da

comunidade de Zygnematophyceae perifiticas em lagos urbanos do municipio de Goiania, Goias.

2. REVISAO DE LITERATURA

2.1. QUEM SAO AS ZYGNEMATOPHYCEAE

A Classe Zygnematophyceae é considerada a maior e também a mais diversificada da
divisdo Streptophyta (GONTCHAROV; MELKONIAN, 2005), sendo caracterizada pela
reproducdo sexuada por conjugagédo, na qual ocorre a fusdo de dois gametas ameboides nao-
flagelados, e auséncia geral de células flageladas (GONTCHAROQV et al., 2003; GUIRY, 2013;
FRANCESCHINI et al., 2010). As algas que pertencem a esta classe podem ocorrer tanto na
comunidade perifitica como na fitoplancténica ou mesmo no metafiton (PARRA; BICUDO, 1996;
STASTNY, 2010) e sdo consideradas importantes ferramentas no manejo e conservacio dos
ecossistemas aquaticos (COESEL, 2001), possuindo distribuicdo cosmopolita, elevada
plasticidade ambiental (BROOK, 1981) e alto grau de polimorfismo (BICUDO; SORMUS, 1972).

Com base na estrutura da parede celular, a Classe Zygnematophyceae é dividida em duas
ordens, Desmidiales e Zygnematales (BROOK, 1981). A primeira caracteriza-se pela parede
celular constituida por duas ou mais pegas que se encaixam na regido mediana, com presenca de
poros e ornamentac@es; a segunda, pela falta de segmentacdo da parede celular em duas ou mais
pecas, sem poros e outras ornamentacdes (WEHR; SHEATH, 2002).

No caso das Desmidiales, cada uma das semicelulas é coberta por uma parede celular
perfurada por muitos poros cilindricos, através dos quais uma bainha delgada ou densa pode ser
secretada. As paredes sobrepdem-se na regido do estreito istmo e as semicélulas geralmente
apresentam uma morfologia quase idéntica, mesmo naqueles poucos géneros em que uma
constricdo mediana esta ausente. As células-filhas sdo formadas através da divisdo celular e os
dois segmentos de parede celular e a morfologia das semicelulas que as definem séo de diferentes
idades. Como sdo formadas em momentos diferentes, ndo é surpreendente que muitas vezes haja
alguma diferenga na morfologia, sendo frequentemente Uteis na determinacdo da amplitude das
variagdes morfoldgicas que podem ocorrer em um mesmo taxon (WEHR; SHEATH, 2002).

A taxonomia em Desmidiales baseia-se quase inteiramente na morfologia externa das

células em fase vegetativa e a diversidade morfoldgica exibida no grupo é bastante notavel. Dados



baseados em sequéncias de rbcL realizados por McCourt et al. (2000) suportam o sistema de
classificacdo de Mix (1973) para o reconhecimento das quatro familias das desmidias
placodermes: Closteriaceae, Gonatozygaceae, Peniaceae e Desmidiaceae. Assim, os dados
moleculares suportam as relacfes filogenéticas bem estabelecidas nas quatro familias em
Desmidiales (monofilética), ao contrario das relacGes parafiléticas em Zygnematales para
Zygenamataceae e Mesotaeniaceae (McCOURT et al., 2000).

Os termos sacodermes foram empregados para agrupar representantes que apresentavam
parede celular com estrutura simples, sem poros e outras ornamentacdes (Zygnematales) e
placodermes para aqueles com parede celular mais complexa, constituida de poros e
ornamentacdes (Desmidiales) (BROOK, 1981; VAN DEN HOECK, 1997; GONTCHAROQV,
2008).

No Brasil os estudos taxondmicos da ficoflorula sdo bastante numerosos, mas apesar de
numerosos poucos sdo os artigos na Regido Centro-Oeste do pais que abordam a flora de
Zygnematophyceae tanto na comunidade fitoplanctdnica quanto na comunidade perifitica.
Amaioria deles esta concentrada nas Regides Sul, Sudeste e Nordeste do pais, ondes o0s estudos
sobre Zygnematophyceae sdo mais abundantes, exibindo levantamentos taxonémicos, trabalhos
com foco especificamente para géneros, familias, ordens, ou mais gerais, abordando a classe. Estes
estudos se encontram listados na Tabela 1.

2.2. ZYGNEMATOPHYCEAE NO PERIFITON

O perifiton constitui-se uma ténue barreira fisica coloidal entre o substrato no qual se
encontra fixo e a agua circundante; um microcosmo na qual acontecem tantos processos internos,
autotroficos e heterotroficos, quanto processos externos (participacdo nas trocas com o ambiente
externo) (WETZEL, 1983). Neste microcosmo, destacam-se as algas perifiticas, parte primordial
da comunidade, que atua como importante produtora primaria. Dentre as algas perifiticas, as
zignematoficeas, algas verdes estreptéfitas, sdo indicadoras sensiveis de mudancas ambientais e
constituem um grupo representativo em nimero de géneros e espécies.

Estudos especificos sobre as Zygnematophyceae no perifiton sdo escassos e constituem
uma pequena parcela de toda a publicacdo sobre a comunidade perifitica divulgada atualmente.
Buscando elucidar o papel das desmidias no perifiton, Domozych e Domozych (2008) analisaram
o0 biofilme de zonas Umidas da regido de Adirondack em Nova lorque, nos Estados Unidos, e
revelaram que as desmidias sdo capazes de colonizar novos substratos rapidamente e incorporar-

se ao biofilme. Pals et al. (2006) compararam as comunidades de desmidias perifiticas em



diferentes substratos de cinco lagos rasos na Bélgica; os autores constataram diferencas
significativas na composi¢cdo da comunidade de desmidias entre os substratos, provavelmente
devido as diferencas nas condi¢des ambientais locais associadas com esses substratos.

Blanco et al. (2008) realizaram um experimento de mesocosmo no Lago Sentiz na Espanha,
onde investigaram a resposta de algas epifiticas a sobrecarga de nutrientes e densidade de peixes
em um lago raso; os autores constataram que adigdes de nutrientes reduziram significativamente
0 biovolume total do epifiton composto principalmente por Bacillariophyceae e
Zygnematophyceae, mas com o aumento na abundéancia de cianobactérias.

Na Republica Checa, Stastny (2009) destacou as desmidias de dois ambientes pantanosos,
o0 Pantano da Reserva Natural (Norte Bohemia, Republica Checa) e um pequeno pantano vizinho,
onde abordaram a composicdo de espécies e condicdo ecoldgica desses ambientes. Um total de
203 taxons foram identificados, designados a 22 géneros.

No Brasil, Felisberto e Rodrigues (2005a, 2005b) avaliaram, respectivamente, a influéncia
do gradiente longitudinal (rio-barragem) na composicao e abundancia de desmidias perifiticas nos
reservatorios de Rosana e de Salto do Vau, ambos localizados no Estado do Parana. Para o
Reservatdrio de Rosana, Felisberto et al. (2014) avaliaram a influéncia do eixo rio-barragem e dos
fatores abioticos sobre a composicdo de Desmidiales, destacando a importancia do gradiente
espacial, seguido da varia¢ao sazonal.

Murakami e Rodrigues (2009) visaram avaliar a influéncia da temperatura e do
enriquecimento artificial de nutrientes na abundancia de algas perifiticas na Lagoa das Gargas no
Parand, e concluiram que a diminuicdo de temperatura afetou a abundéncia das classes de algas
perifiticas, principalmente pela reducao de Cyanophyceae e pelo aumento de Zygnematophyceae.

Em Séo Paulo, Vercellino e Bicudo (2006) buscaram avaliar a influéncia da escala temporal
(sucessional e sazonal) sobre a biomassa, diversidade e estrutura especifica da comunidade de
algas perifiticas no Lago do IAG. O estudo constatouque as cloroficeas foram as mais abundantes
e as Zygnematophyceae apresentaram participacéo relativamente uniforme e baixa ao longo da
sucesséo.

Para o Lago das Ninféias (SP), Santos e Ferragut (2013) descreveram 0s estagios
sucessionais de uma comunidade de algas perifiticas durante a estacdo seca e chuvosa. Os autores
identificaram 141 taxons, 9 classes. Chlorophyceae (46 espécies) e Zygnematophyceae (29
especies) tiveram o maior numero de espécies. A densidade e o biovolume de Zygnematophyceae
foi maior na estacdo chuvosa. Em termos de biovolume, Zygnematophyceae e Bacillariophyceae

foram as classes representativas da estrutura da comunidade de algas perifiticas.



Na Regido Centro-Oeste, em Goias, Dunck et al. (2013a, 2013b), avaliaram a diversidade
do ficoperifiton em 23 Veredas sob diferentes impactos ambientais, assim como a distribuicao das
comunidades de algas epifiticas nestas veredas, respectivamente. Mato Grosso do Sul, Algarte et
al. (2006), analisaram a estrutura e dindmica da comunidade de algas do perifiton em trés
ambientes da planicie de inundag&o do alto rio Parand, lagoa do Guarana, lagoa Fechada e rio Baia.
Nos trés ambientes a classe dominante em nimero de tdxons foi Zygnematophyceae, seguida por
Bacillariophyceae e Cyanophyceae, mas a Lagoa do Guarana foi o ambiente com maior

representatividade para Zygnematophyceae.

2.3.PERIFITON EM LAGOS URBANOS

Dentre os ecossistemas continentais |énticos, destacam-se os lagos urbanos, que
apresentam elevado potencial paisagistico para as cidades, proporcionando também lazer e turismo
apopulacdo. Apesar de estarem localizados em areas de grande adensamento populacional, quando
inseridos juntos as areas verdes, oferecem importantes servi¢os ecolégicos, como melhoria da
umidade relativa e controle das altas temperaturas (MARTINEZ-ARROYO; JAUREGUI, 2000).

Os lagos urbanos compreendem ecossistemas rasos, com areas inferiores a dois ou cinco
hectares e apesar de constituirem habitats menores, os lagos urbanos fornecem uma vasta
biodiversidade a nivel regional (HASSALL, 2014). Deste modo, estudos que visem a estrutura e
dindmica de comunidades perifiticas, associados a caracterizagéo limnoldgica, sdo imprescindiveis
quando se busca a conservacdo e 0 manejo desses ambientes ou para nortear medidas de
recuperacdo relacionadas com a aplicacdo que se pretende dar a tais ecossistemas (ROUF et al.,
1982). Assim, quando comparado aos estudos realizados em reservatorios e lagoas, estudos com
0 intuito de caracterizar a comunidade perifitica em lagos urbanos € relativamente incipiente.

Uma gama de trabalhos que abordam a comunidade perifitica em lagos esta localizada no
exterior e abordam principalmente dados ecoldgicos (por exemplo, STOCKNER; ARMSTRONG,
1971; ALBAY; AKCAALAN, 2003; LIBORIUSSEN; JEPESSEN, 2006; OZKAN et al., 2010)
embora poucos sejam direcionados aos lagos urbanos. Para os lagos urbanos, na Alemanha,
Roberts et al. (2003) destacaram na pesquisa 0 papel do perifiton na recolonizacdo do Lago
Miiggelsee com macroéfitas submersas. Para o Lago ‘Fiihlinger See’, Jobgen et al. (2004)
investigaram o potencial de perifiton para remocao de fosforo usando um novo método envolvendo
substrato artificial de polipropileno. Na Francga, Danger et al. (2008) analisaram os efeitos da
cadeia alimentar sobre a comunidade perifitica do Lago Créteil.



No Brasil, a maioria dos estudos, tanto taxonémicos quanto ecolégicos, que abordam a
comunidade perifitica em lagos urbanos brasileiros se encontra concentrada na Regido Sudeste e
0 Estado de S&o Paulo € detentor de grande parte destes trabalhos, os quais sdo desenvolvidos
principalmente nos lagos localizados no Parque Estadual das Fontes do Ipiranga (PEFI), como o
Lago do IAG, Lago das Gargas e Lago das Ninféias.

Para o Lago do IAG, Unico reservatorio oligotréfico do PEFI, destacam-se os estudos
observacionais de Vercellino e Bicudo (2006), sobre a influéncia da variacdo sazonal e sucessional
sobre a comunidade perifitica, e trabalhos experimentais realizados por Ferragut e Bicudo (20009,
2010, 2012), analisando os efeitos de diferentes niveis de enriquecimento por fésforo sobre a
estrutura da comunidade.

Em relacdo ao Lago das Garcas, ambiente eutrofico, ha os trabalhos de Borduqui et al.
(2008), que avaliaram a variacdo vertical e sazonal da composicdo quimica e estrutura da
comunidade perifitica; Borduqui e Ferragut (2012), sobre o efeito das florac6es de cianobactérias
na sucessdo da comunidade, e Oliveiraetal. (2010), abordando os fatores relacionados as variacdes
sazonais da biomassa do perifiton e teor de nutrientes (N, P).

Para o Lago das Ninféias, ambiente mesotréfico com abundante cobertura de macrofitas
aquaticas, varios trabalhos também foram realizados. Ferragut et al. (2010) e Pellegrini e Ferragut
(2012) pulicaram em seus estudos, respectivamente, a variagcdo sazonal do estado nutricional e
biomassa da comunidade perifitica em substratos artificial e natural e a colonizacgéo e sucessdo da
comunidade de algas perifiticas em substrato natural (Nymphaea spp.). Tambem foi feito um
trabalho quanto a superficie do substrato e influéncia desta sobre a comunidade (SOUZA;
FERRAGUT, 2012), assim como estudos abordando a estruturacdo da comunidade perifitica em
Eleocharis acutangula (CAMARGO; FERRAGUT, 2014) e as mudancas estruturais na sucessao
das algas perifiticas durante as estacdes seca e chuvosa (SANTOS; FERRAGUT, 2013).

Abordando conjuntamente os trés lagos supracitados, Fonseca et al. (2014) apresentam
uma compilacdo do biovolume de cianobactérias e algas fitoplanctbnicas e perifiticas destes
ecossistemas, numa lista com 568 taxons.

Poucos sdo os estudos para a Regido Norte. Foram encontrados apenas dois trabalhos
voltados para a comunidade perifitica de lagos urbanos, e ambos para o Lago Viveiro, no Estado
do Acre. Os estudos destacaram a variacao da biomassa e estado de nutrientes do perifiton durante
periodo de colonizacdo na estacdo seca e chuvosa (FRANCA et al., 2009) e analisaram a
colonizagdo e o modelo sucessional da comunidade de algas perifiticas neste ecossistema
(FRANCA et al., 2011).



Para a Regido Sul, ndo ha registros de estudos sobre a comunidade perifitica em lagos
urbanos.

Na Regido Centro-Oeste, estudos que abordem a comunidade perifitica de lagos urbanos
s80 escassos e trabalhos sobre a comunidade fitoplanctonica sdo relativamente mais comuns, como
Branco e Senna (1991, 1996a,1996b) para o Lago Paranod, no Distrito Federal.

Apesar da riqueza de recursos hidricos artificiais no municipio de Goiénia, poucas sao as
publicacGes sobre tais ambientes. Estudos ficoldgicos realizados até o0 momento abordam apenas
a comunidade fitoplancténica e trabalhos que tratem da desmidioflérula perifitica desses locais
sdo inexistentes.

Para o lago do Jardim Boténico, lago do Parque Vaca Brava, lago do Parque das Rosas e
lago do Bosque dos Buritis, Nabout e Nogueira (2011), Nogueira e Oliveira (2009) e Nogueira et
al. (2008) publicaram em seus trabalhos, respectivamente, a variacdo temporal da comunidade
fitoplanctonica, um inventério das ordens Chlorococcales e Ulothricales de habito colonial e a
diversidade (alfa, beta e gama) da comunidade fitoplanctonica destes lagos.

Em um dos lagos do Jardim Botanico, Nogueira e Leandro-Rodrigues (1999) observaram
a composicdo de algas plancténicas deste ambiente, levantando a floristica e algumas
consideracdes ecoldgicas dessa comunidade para este ecossistema.

Para o Lago Jao, caracterizado por ser um criatorio de peixes, Nogueira et al. (2011)
inventariaram as espécies planctdnicas de cianobactérias ocorrentes nesse pesqueiro; foram
identificados 31 taxons, 21 primeiras ocorréncias para o estado e 13 constadas na literatura como

potencialmente toxicas.



Tabela 1. Estudos publicados com abordagem taxondmica da Classe Zygnematophyceae para diferentes regides do Brasil, utilizando as

seguintes plataformas de busca: Portal de Periddicos Capes, Scielo e Google académico.

Regido/Estado

Autor/Ano

Taxon abordado

Numero de taxons
registrados

Comentarios gerais

Sul/PR

Sudeste/SP

Sudeste/SP

Sul/RS

Sudeste/SP

Sudeste/SP

Sudeste/SP

Sudeste/SP

Aquino et al., 2014

Araujo e Bicudo, 2006

Bicudo e Bicudo, 1965

Bicudo e Ungaretti, 1986

Bicudo et al., 1997

Bicudo et al., 1998

Bicudo et al., 1999

Bicudo et al., 2007

Desmidiales

Actinotaenium,
Cosmarium e
Heimansia

Closteriaceae e
Desmidiaceae

Desmidiaceae

Peniaceae

Haplotaenium,
Pleurotaenium,
Tetmemorus e
Triploceras

Desmidium,
Groenbladia,
Hyalotheca,
Spondylosium e
Teilingia
Octacanthium,

Staurastrum e
Staurodesmus

60 taxons, 10 géneros

30, Actinotaenium (27),

Cosmarium (2) e
Heimansia (1)

15 taxons, 6 géneros

69 taxons, 9 géneros

5 taxons, 2 géneros

12, Haplotaenium (1),
Pleurotaenium (9),
Tetmemorus (1) e
Triploceras (1)

12, Desmidium (6),
Groenbladia (1),
Hyalotheca (1),
Spondylosium (2) e
Teilingia (2)

45, Octacanthium (2),
Staurastrum (25) e
Staurodesmus(13)

14 citacOes pioneiras para o Estado

Cosmarium pseudoconnatum foi o taxon
com melhor distribuigédo

Segunda lista de Desmidiaceae

Cosmarium, Staurastrum, Closterium e
Euastrum foram os tdxons mais
representativos

Gonatozygon (2) e Penium (3)

Pleurotaeniumfoi o género com melhor
distribuigéo

Hyalotheca foi o género com melhor
distribuigéo

Staurastrum tetracerum var. tetracerum f.
tetracerum foi o tdxon com melhor
distribuigéo




Tabela 1. Continuacao...

Sul/PR

Sul/PR
Sul/PR
Sul/PR
Sul/PR

Centro-
Oeste/MT

Centro-
Oeste/MT

Nordeste/MA

Centro-
Oeste/DF

Sudeste/SP

Sudeste/SP

Centro-
Oeste/GO

Centro-
Oeste/GO

Biolo et al., 2008

Biolo et al., 2013
Bortolini et al. 2009
Bortolini et al., 2010a
Bortolini et al., 2010b

Camargo et al. 2009

De-Lamonica-Freire, 1992

Dellamano-Oliveira et al.,

2008

Estrela et al., 2011

Faustino e Bicudo, 2003

Faustino e Bicudo, 2004
Felisberto e Rodrigues, 2002

Felisberto e Rodrigues, 2004

Desmidiaceae
(exceto Cosmarium)

Cosmarium
Closterium
Cosmarium

Desmidiales

Zygnematophyceae

Desmidiaceae
filamentosas

Staurastrum,
Staurodesmus e
Xanthidium

Cosmarium

Octacanthium

Bourrellyodesmus

Desmidiales (exceto
Cosmarium)

Cosmarium

30 taxons, 13 géneros

18
17
18

44 taxons, 16 géneros

47 taxons, 13 géneros

10 taxons, 5 géneros

29, Staurastrum (18),
Staurodesmus (8) e
Xanthidium (3)

42
3

2

34 taxons, 12 géneros

21

Staurastrum

compreende 43% do total de taxons
identificados

8 citacOes pioneiras para o Estado

A espécie mais representativa no estudo
foi C. cynthia var. cynthia

9 citacOes pioneiras para o Estado
Cosmarium foi o género que obteve maior
representatividade

8 novas ocorréncias para o Estado e 0s
géneros mais representativos foram
Cosmariume Euastrum

1 citacdo pioneira para o Brasil e 2 para o
Estado

26 citacdes pioneiras para o Estado

30 citacdes pioneiras para o Distrito

O. bifidum var. bifidum, O. mucronulatum
var. mucronulatum e O. ocotocorne var.
octocorne

B. jolyanuse e B. guarrerae sp. nov.

Staurastrum foi o género mais
representativo

As amostras foram preservadas
com lugol acético 0,5%
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Tabela 1. Continuacao...

Sul/PR

Sul/PR

Sul/PR

Sul/PR

Sul/PR

Sul/PR

Centro-
Oeste/DF

Norte/AC

Norte/AM

Sul/PR

Felisberto e Rodrigues, 2007

Felisberto e Rodrigues, 2008

Felisberto e Rodrigues, 2010

Felisberto e Rodrigues, 2011a

Felisberto e Rodrigues,
2011b

Felisberto e Rodrigues, 2013

Fonseca e Estrela, 2015

Lopes e Bicudo, 2002

Melo et al., 2009

Menezes et al., 2011

Closterium

Desmidiaceae,
Gonatozygaceae e
Mesotaeniaceae

Cosmarium

Euastrume
Micrasterias

Desmidias
pseudofilamentosas

Staurastrum e
Staurodesmus

Euastrum,
Micrasterias e
Triploceras

Closteriaceae,
Desmidiaceae e
Gonatozygaceae

Euastrum e
Micrasterias

Desmidiales (exceto
Cosmarium)

23

45 taxons, 12 géneros

48

14, Euastrum (seis) e
Micrasterias (oito)

13 taxons, 5 géneros

37, Staurastrum (26) e
Staurodesmus (11)

25, Euastrum (13),
Micrasterias (11) e
Triploceras (1)

98 taxons, 10 géneros

12 taxons, Euastrum (5) e

Micrasterias (7)

31 taxons, 10 géneros

A maior riqueza de taxons foi registrada na
regiao lacustre

do reservatorio no verao e na intermediaria
no inverno

Maior riqueza de espécies ocorreu na regido
de transicdo para ambos os periodos de
coleta

Maior riqueza de espécies ocorreu na regiao
lacustre do reservatdriopara ambos 0s
periodos de

coleta

Maior riqueza de espécies foi registrada no
periodo mais quente

Na regido lacustre foi registrado maior
namero de espécies e ndo houve ocorréncia
de desmidias pseudofilamentosas na regiao
fluvial

Maior riqueza de espécies ocorreu na regido
lacustre em ambos o0s periodos de coleta

12 citagdes pioneiras para o Distrito (nove
Euastrum e trés Micrasterias)

Cosmarium, Closterium e Staurastrum
foram os géneros mais representativos

Trabalho realizado em dois ambientes
amazonicos de aguas pretas

6 citacOes pioneiras para o Estado




Tabela 1. Continuacao...

Sul/PR
Sul/PR

Centro-
Oeste/MS

Nordeste/BA

Nordeste/BA

Nordeste/BA

Nordeste/BA

Nordeste/BA
Nordeste/BA

Nordeste/BA

Nordeste/BA

Menezes et al., 2013
Moresco et al., 2009

Moresco et al., 2015

Oliveira et al. 2013a

Oliveira et al., 2009

Oliveiraetal., 2010a

Oliveira et al., 2010b

Oliveiraetal., 2011a
Oliveiraetal., 2011b

Oliveiraetal., 2011c

Oliveiraetal., 2013b

Zygnematophyceae
Micrasterias
Closterium,
Cosmarium,
Euastrum,

Micrasterias e
Pleurotaenium

Closterium e
Spinoclosterium

Micrasterias

Cosmarium

Desmidiaceae
filamentosas

Cosmarium
Euastrum

Octacanthium e
Xanthidium

Zygnematales

63 taxons, 14 géneros
9

25, Closterium (5),
Cosmarium (6), Euastrum
(7), Micrasterias (5) e
Pleurotaenium (2)

41, Closterium(40),
Spinoclosterium (1)

14

43

15 taxons, 7 géneros

14
23

5, Octacanthium (3) e
Xanthidium (2)

18 taxons, 5 géneros

9 citacGes pioneiras para o Estado
2 citacOes pioneiras para o Estado

N&o houve padréo de distribui¢do dos
tdxons entre os periodos

28 citacOes pioneiras para o Estado e 7
novos registros para o Brasil

Micrasterias americana var. bahiensis foi
descrita como nova para a ciéncia e 10
constituem citacGes pioneiras para a
desmidioflérula do Estado

3 espécies e 2 variedades sdo ocorréncias
novas para o Brasil, 28 espécies e 3
variedades sdo novos registros para o
Estado da Bahia

9 citacGes pioneiras para o Estado

14 novos registros para o Brasil
17 citacdes pioneiras para o Estado

5 novos registros para o Estado

Primeiro inventario taxondmico da ordem
Zygnematales na Area de Protego
Ambiental do Litoral Norte do Estado, 8
novas adic¢des a flora de algas do Brasil




Tabela 1. Continuacao...

Nordeste/BA

Nordeste/BA

Nordeste/BA

Sul/PR

Centro-
Oeste/GO

Sudeste/RJ

Sudeste/RJ

Sudeste/SP

Sudeste/SP
Norte/AM

Norte/AP

Oliveiraetal., 2014

Ribeiro et al., 2015

Santos et al., 2013

Silva e Cecy, 2004
Silva e Felisberto, 2015

Sophia, 1984

Sophia, 1987

Sormus e Bicudo, 1994

Sormus e Bicudo, 1997
Souza e Melo, 2010

Souza e Melo, 2011

Desmidiaceae
cilindricas

Micrasterias

Desmidiaceae

Cosmarium

Euastrum e
Micrasterias

Desmidiaceae
filamentosas

Desmidiaceae
filamentosas

Closteriaceae

Micrasterias

Desmidiaceae
filamentosas

Staurastrum,

Staurodesmus e

Xanthidium

32 taxons, 6 géneros

15

16 taxons, 6 géneros

20

22, Euastrum (9) e
Micrasterias (13)

7 tdxons, 4 géneros

14 taxons, 5 géneros

33 taxons, 1 género

15

15 taxons, 7 géneros

35, Staurastrum (23),
Staurodesmus (7) e
Xanthidium(5)

3 novas adi¢oes a flora de algas para o
Brasil e primeiro relato do género
Docidium para o Estado

Micrasterias tropica var. tropica e M.
simplex var. minor s&o adic0es a flora
ficologica da regido

5 adic@es a flora de algas do Estado e duas
variedades (Cosmarium clepsydra var.
dissimile e C. tenue var. depressum) sao
novas ocorréncias para o Brasil

13 citacOes pioneiras para o Estado

16 citacOes pioneiras para o Estado
5 citacGes pioneiras para o Estado

10 citacdes pioneiras para o Estado

Closterium gracile var. gracile, Closterium

laterale var. laterale e Closterium turgidum
var. giganteum foram os taxons com melhor
distribuicdo

4 citacOes pioneiras para o Estado

O género Desmidium foi o mais rico

Todos os taxons constituem primeira
citacdo para o Estado
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Tabela 1. Continuacao...

Sudeste/SP Taniguchi et al., 1998

Desmidiaceae
filamentosas,
Mesotaeniaceae e
Gonatozygaceae

16, Desmidiaceae
filamentosas (8),
Mesotaeniaceae (4) e
Gonatozygaceae (4)

Netrium digitus var. parvum, Spirotaenia
condensata e Gonatozygon kinahanii séo
citacOes pioneiras para o Estado
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4. RESULTADOS
O resultado deste trabalho esta apresentado sob a forma de um artigo:

Community structure of periphytic Zygnematophyceae (Streptophyta) in urban
eutrophic ponds from central Brazil (Goiania, GO)



29
4.1. Manuscrito submetido a Revista Acta Botanica Brasilica
Original article

Community structure of periphytic Zygnematophyceae (Streptophyta) in urban

eutrophic ponds from central Brazil (Goiania, GO)

Francielle Karla Lopes da Silval®, Barbara Medeiros Fonseca? & Sirlene Aparecida Felisberto?

tUniversidade Federal de Goias, Programa de Pés-graduacdo em Biodiversidade Vegetal
2Universidade Catolica de Brasilia, Curso de Ciéncias Bioldgicas, Sala E-10, QS 07, Lote 01,
Aguas Claras, 71966-700, Taguatinga, DF, Brasil

3In memorian. Universidade Federal de Goias, Programa de Pos-graduacdo em Biodiversidade
Vegetal. Campus Samambaia (Campus I1), Caixa Postal: 131, CEP 74001-970, Goiania, GO,
Brasil

* Corresponding author: franciellekls.bio@gmail.com.



30
Abstract

Urban ponds comprise habitats with great diversity of both biotic and abiotic conditions. This
study aimed at analyzing the community structure of Zygnematophyceae algae in the periphyton
of nine urban eutrophic ponds from Goiania, GO. Samples were collected in August 2014, in the
littoral zone. Periphyton was collected from two different substrates, macrophyte petiole
(epiphyton) and pebbles (epilithon). Altogether 49 Zygnematophyceae taxa were recorded,
distributed in two orders, five families and 13 genus. The highest chlorophyll a value was reported
at Beija-flor Pond (2.9 pg cm™). As regards density, Cyanobacteria contributed most to periphyton
density (6.0 x 10° ind cm™). Based on frequency of occurrence, most taxa were classified as rare,
being present in less than 20% of the samples. The average Zynematophyceae density was 6.2 x
10% ind cm?, representing 0.82% of the periphytic community in the epiphyton and 0.02% in the
epilithon. Most taxa reported here have been cited by literature in eutrophic habitats, and may be
used as biological indicators (e.g., Staurastrum volans, Pleurotaenium trabecula var. trabecula,
Closterium acutum var. variabile. Some ponds with relatively high nutrient values (e.g.,
Flamboyant pond) also presented higher diversity, which can be explained by these taxa tolerance

to their local environments.

Key words: desmids, diversity, epilithon, epiphyton, lentic systems
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Introduction

Urban ponds comprise habitats with a great diversity of both biotic and abiotic conditions.
In general, these systems have been defined as shallow environments with surface area smaller
than 2 ha (Hassall 2014). Global urbanization has increased the nutrient supply into shallow lakes,
leading to changes in their biological structure as a consequence of anthropogenic eutrophication
(Jeppesen et al. 2005). Researches focusing on aquatic communities, in special the periphyton,
have provided important information about the functioning of these ecosystem (Vercellino &
Bicudo 2006; Rouf et al. 2008; Ferragut & Bicudo 2009; Ferragut & Bicudo 2010). As an
important component of the phycoperiphyton, it can be highlighted the class Zygnematophyceae.

The class Zygnematophyceae is the richest algal group among Streptophyta (Coesel 1996;
Gontcharov & Melkonian 2005), presenting an impressive morphological diversity along with
complex symmetry patterns (Barbosa et al. 2013). It comprises two orders, Desmidiales and
Zygnematales, which are defined by their distinct cell wall structure (Brook 1981; Van den Hoek
etal. 1995; Gontcharov et al. 2002; Wehr & Sheat 2003; Gontcharov 2008; Felisberto & Rodrigues
2011). These algae are sensitive to changes in environmental conditions and their cell plasticity
allows most of them to adapt to different habitats. They can be used as biological indicators,
subsidizing aquatic ecosystem conservation and management (Brook 1981; Wehr & Sheat 2003;
Coesel & Blokland 1994; Coesel 2001; Stastny 2009).

Zygnematophycean algae are exclusively freshwater organisms (Van den Hoek et al. 1995)
in general associated to oligo-mesotrophic environments, with pH ranging between 4 and 7 (Brook
1981; Coesel 1983; Coesel 1996; Gerrath 2003). Pristine environments from the Cerrado biome
(Brazilian savanna), with their acidic waters, provide suitable habitats for this algal group
development (Estrela et al. 2011; Dunck et al. 2013a, 2013b; Fonseca & Estrela 2015; Silva &

Felisberto 2015), differently from eutrophic systems, which are frequently dominated by other
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groups such as cyanobacteria, coccoid green algae and diatoms (John et al. 2002; Taylor et al.
2007; Blanco et al. 2004).

Although Zygnematophyceae algae are usually associated to oligotrophic conditions, some
species can as well be reported with relatively high abundance in eutrophic ecosystems (Coesel
1982) and alkaline waters (Brook 1981). For instance, species belonging to genus Staurastrum,
Cosmarium and Closterium are used as biological indicators of eutrophic ecosystems, under pH
ranging between 6.7 and 8.5 (Razicka 1977).

Coesel (2001) proposed a method for quantifying conservation value in lentic freshwater
habitats using desmids as indicator organisms. However, his data were limited to European
ecosystems, which restricts the worldwide use of such index. Although the literature about
periphyton and its general role for ecosystem metabolism is relatively abundant (e.g., Stockner &
Armstrong 1971; Brook 1982; Fairchild & Sherman 1993; VVadeboncoeur & Steinman 2002; Albay
& Akcaalan 2003; Roberts et al. 2003; Momeu et al. 2004; Jobgen et al. 2004; Kralj et al. 2006;
Liboriussen & Jepessen 2006; Blanco et al. 2008; Lambert et al. 2008; Lambert & Cattaneo 2008;
Danger et al. 2008; Ozkan et al. 2010; Raeder et al. 2010; Denicola & Kelly 2014), studies
focusing exclusively on the ecology of periphytic Zygnematophyceae in lakes and ponds are quite
scarce (e.g., Pals et al. 2006).

In Brazil, most of the ecological studies on periphyton in urban lakes are concentrated in
the Southeastern region (Vercellino & Bicudo 2006; Borduqui et al. 2008; Ferragut & Bicudo
2009, 2010, 2012; Ferragut et al. 2010; Oliveira et al. 2010; Borduqui & Ferragut 2012; Pellegrini
& Ferragut 2012; Souza & Ferragut 2012; Santos & Ferragut 2013; Camargo & Ferragut 2014;
Fonseca et al. 2014). A few of them have been published for the Northern region (Franca et al.
2009, 2011) and nothing for the South or Central-West of Brazil.

In the State of Goias, central Brazil, there are no studies about periphytic

Zygnematophyceae in eutrophic urban ponds. The knowledge about algal community in urban
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systems, including the ones considered in this study, is restricted to phytoplankton (e.g., Nogueira
& Leandro-Rodrigues 1999; Nogueira et al. 2008; Nogueira & Oliveira 2009; Nabout & Nogueira
2011; Nogueiraet al. 2011; Oliveira et al. 2012a; b). In this context, this study is the first exploring
the periphytic community in these urban ponds, and has as its goal to analyze the community
structure of Zygnematophyceae algae in the periphyton of nine urban eutrophic ponds from

Goiania, GO.

Material and Methods
Study area

This study was conducted in nine eutrophic ponds inserted in urban parks from the city of
Goiania (State of Goias) (Fig. 1). Their surface area ranges between 0.2 and 2.1 ha, with mean
depth smaller than 2.3 m (Tab. 1). The urban parks present varied landscape composition, with
native vegetation around springs and exotic and ornamental vegetation surrounding the ponds and
leisure areas. The climate in the region is Aw according Koppen-Geiger classification, with a
strong seasonality marked by a dry season from May to September and a wet season from October
to April (Peel et al. 2007; Cardoso et al. 2014). Average annual temperature is 21.9 °C, with lower
values between May and August and higher values in September; average annual precipitation is
1487.2 mm (Prefeitura de Goiania 2016). This climate is typical from the cerrado phytogeographic

domain, which predominates in the central Brazil (Bustamante et al. 2012).

Sampling

Samples were collected in August 2014, in the littoral zone. Each pond had three sampling
sites. Periphyton was collected from two different substrates, macrophyte petiole (epiphyton) and
pebbles (epilithon). Among the nine ponds, only six presented both substrates, totalizing 45
sampling units (eight from epiphyton and seven from epilithon, each one with three replicates).

The macrophytes sampled were all rooted emergent or submerged species.
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The periphyton was removed from the substrate by scrapping with a razor blade
(epiphyton) or by brushing (epilithon), using distilled water gentle jets. The substrate area was
calculated after sampling. Samples were preserved with 0.5% acetic lugol solution and stored in
the darkness.

Simultaneously to periphyton sampling the following variables were measured: water
temperature and pH (pHmetro MS Tecnopon mPA 210), electrical conductivity (Condutivimetro
MS Tecnopon mCA 150P), dissolved oxygen (Medidor de Oxigénio Dissolvido Quimis Q758P)
and turbidity (Turbidimetro Policontrol AP2000). Water samples for nutrient determination were
collected and then analyzed by a specialized company (Aqualit). Samples for nutrients and
chlorophyll a determinations were placed with ice in thermal recipients until the filtration in the
laboratory. Chlorophyll a analysis (corrected for phaophytin) was performed according to

Golterman et al. (1978) using acetone 90% as solvent.

Quantitative analysis

Periphytic algae were counted in random fields (Bicudo 1990), using 2 mL chambers under
inverted microscope (Olympus CKX41) at 400x magnification (Uthermohl’ method);
sedimentation time followed Lund et al. (1958). The criteria to stop counting was at least ten fields
without new taxa. Density was calculated using the equation adapted from Ros (1979).

In order to evaluate the Zygnematophycae contribution in relation to other taxonomic
classes (Cyanobacteria, Bacillariophyceae, Chlorophyceae, Oedogoniophyceae and Others), all
periphytic individuals were counted, but only the Zygnematophycean taxa were identified to
species or infraspecific level, using specialized literature (e.g., Bicudo & Castro 1994; Croasdale
et al. 1994; Dillard 1991; Lenzenweger 1996; Prescott et al. 1972; Ruzicka 1977, 1981). The

general algal classification followed Hoek et al. (1995); and for Zygnematophyceae, Guiry (2013).
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The samples are deposited in the herbarium collection of the Federal University of Goias, Goiania-

GO under the numbering 50275-50319.

Data analysis

In order to estimate Zygnematophyceae alfa diversity, besides the total number of taxa for
each pond (S), we used Margalef Index (M) and Shannon-Wiener Index (H”) (Shannon & Weaver
1948; Margalef 1991). Pielou’s Evenness Index (J*) was calculated based on H’ values (Pielou
1977). Zygnematophycean taxa were classified according to their frequency of occurrence (F =
number of samples were the taxon was reported / total number of samples), following the criteria:
rare (F < 25%), common (25% < F < 50%), frequent (50% < F < 75%) e constant (F > 75%).

The Jaccard Index was used to measure beta diversity among ponds (Magurran 1988). A
dendrogram based on dissimilarity (1-J’) was produced according to the unweighted pair-group
mean arithmetic method (UPGMA). The R software 3.2.2 was used in these analyses (R
Development Core Team 2011).

Differences between epiphyton and epilithon for the variables chlorophyll a, density and
richness were evaluated using Mann-Whitney test (Siegel & Castellan Jr 2006), while the relation

between density versus chlorophyll a was tested by Pearson Correlation (Chen & Popovich 2002).

Results
Abiotic data and periphytic biomass

The ponds presented high nutrient concentrations, with pH ranging from neutral to slightly
acidic (Tab. 2). The highest total nitrogen concentration (3680 pg L™) was reported at Areido Pond
(code AR), while Flamboyant Pond (code FL) presented the highest total phosphorus
concentration (1770 pg L™). The electrical conductivity ranged from 57.2 uS cm™ at Leolidio Di

Ramos Caiado Pond (code LE) to 154.1 uS cm™ at Rosas Pond (code LR).
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Concerning chlorophyll a concentrations, the highest value was reported at Beija-flor Pond
(code BF) (2.9 ug cm?), while the smallest one at Jardim Botanico Pond (code JB) (0.8 pug cm)
(Tab. 2). The epilithon presented a relatively higher mean value (2.4 ng cm) when compared to
epiphyton (1.5 ng cm), although no statistical difference were reported between the substrates
(W =51.0; p = 0.148) (Fig. 3).

The same pattern was reported for density (epilithon: 1.2 x 107 ind cm?; epiphyton: 1.3 x
10% ind cm; W = 66.0; p = 0.86) (Figura 4). The correlation between chlorophyll versus density
was positive for both epiphyton (r = 0.80; p = 0.015) and epilithon (r = 0.64; p = 0.12), although
statiscally significant only for the first one.

Among taxonomic classes, Cyanobacteria contributed most to periphyton density (6.0 x
108 ind cm) especially in the epilithon, representing from 70 to almost 100% in some ponds (BF,
AR, VB and FL). In the epiphyton, the ponds JB and VB were marked by the highest
Cyanobacteria density (> 80% of the total density) (Fig. 5). The class Bacillariophyceae had the
second highest contribution, followed by Chlorophyceae (Figura 5).

The average Zynematophyceae density was 6.2 x 10% ind cm, representing 0.82% of the
periphytic community in the epiphyton and 0.02% in the epilithon. The ponds with the highest
zygnematophycean contribution to epiphyton were L1 (2.31%), LE (1.29%) and FL (1.23%), while

in the epilithon, the highest values were found for LE (0.65%) and FL (0.44%) (Fig. 5).

Zygnematophyceae community structure

Altogether 49 Zygnematophyceae taxa were recorded, distributed in two orders
(Zygnematales and Desmidiales), five families (Mesoteniaceae, Zygnemataceae, Closteriaceae,
Desmidiaceae and Gonatozygaceae) and 13 genus. Desmidiales represented 82% of the total

richness, and Desmidiaceae was the most representative family (32 taxa), followed by
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Closteriaceae (six taxa) and Zygnemataceae (Six taxa). The genus with higher richness were
Cosmarium (16 taxa), Staurastrum (nine taxa) and Closterium (six taxa) (Tab. 3).

Comparing ponds, the richness ranged from eight taxa at Botafogo Pond (BO) to 26 taxa
at Flamboyant Pond (FL) (Tab. 4, Fig. 2). Flamboyant Pond also presented the highest values for
Margalef Index and Shannon-Wiener Index (M = 4.76; H’ = 2.88) (Tab. 4). On the other hand,
Liberdade Pond (LI) presented the smallest values for these indices (M = 1.86; H” = 1.77). The
evenness (J’) ranged from 0.75 at Vaca Brava Pond (VB) to 0.94 at Rosas Pond (LR) (Tab. 4).

The epiphyton showed higher Zygnematophycean richness (45 taxa in 24 sampling units)
compared to epilithon (29 in 21 sampling units), although there was no significant statistical
differences when the number of taxa per sample was compared between substrates (W = 77.0; p =
0.15). The number of taxa reported exclusively in the epiphyton (20) was also higher than the
number of exclusive taxa from epilithon (four). The genus Actinotaenium, Gonatozygon,
Hyalotheca e Netrium were restricted to epiphyton. In the epilithon, the four exclusive taxa were
Cylindrocystis brebissonii var. minor, Closterium dianae var. arcuatum, Cosmarium moniliforme
var. moniliforme e Euastrum rectangulare. Liberdade Pond (code LI) did not present
Zygnematophyceae in the epilithon (Tab. 3).

Based on frequency of occurrence, most taxa were classified as rare, being present in less
than 20% of the samples. Only Cosmarium tenue and Mougeotia sp. 3 were classified as common
(Tab. 3).

The highest Zygnematophycean densities were reported for the ponds FL (1.8 x 10* ind
cm), LE (1.8 x 10* ind cm™), VB (8.66 x 10% ind cm™) and JB (7.34 x 10° ind cm™2). The smallest
value was reported for the pond LR (4.1 x 10% ind cm2) (Tab. 3). In general, the taxa with higher
densities were Cosmarium regnesii var. regnesii, Cosmarium abbreviatum var. minus, and

Mougeotia sp. 3 (Tab. 3). When each pond was considered individually, other taxa were
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highlighted as the most abundant among Zygnematophyceae. It was the case of Staurastrum
smithii, Cosmarium exiguum, Mougeotia sp. 1 and Mougeotia sp. 1 (Fig. 6).

Considering beta diversity among ponds for Zygnematophyceae algae, cluster analysis
showed three groups (I, Il and I11) (Fig. 7). The BF pond was the most dissimilar (group I; 90%).
The second group was formed by the ponds JB and LR (group |1, 77%); and the third one, by the
ponds BO, LI, VB, FL, AR and LE (group Ill; 78%). The smallest dissimilarity was reported

between ponds AR and LE (60%).

Discussion

According to Danger et al. (2008), shallow ecosystems are characterized by representative
littoral zones, and consequently higher light availability, which favors periphyton development.
High light incidence associated to high nutrient concentrations probably contributed to the
relatively high periphytic biomass reported in the urban ponds considered in the present study.

Chlorophyll a showed relatively high values, comparable to the ones reported for an
eutrophic pond located at S3o Paulo city (Gargas Pond; 0.75 - 4 pug cm) (Borduqui et al. 2008;
Oliveira et al. 2010; Borduqui & Ferragut 2012). Other ponds from S&o Paulo classified as oligo
(IAG Pond) or mesotrophic (Ninfeias Pond) have been described with smaller chlorophyll a
concentrations (e.g., Vercellino & Bicudo 2006; Ferragut & Bicudo 2009; Ferragut et al. 2010;
Pellegrini & Ferragut 2012; Souza & Ferragut 2012; Santos & Ferragut 2013; Camargo & Ferragut
2014).

Total periphyton density in the urban ponds from Goiania was high as well. The results
reported here were similar to the ones described for other Brazilian eutrophic urban lentic systems,
with the predominance of Cyanobacteria, Bacillariophyceae and Chlorophyceae (see references

above).
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Considering Zygnematophyceae contribution to total periphytic density, studies conducted
at Ninfeias Pond (cited above) have reported 1 to 17% of contribution (Pellegrini & Ferragut 2012;
Souza & Ferragut 2012; Santos & Ferragut 2013; Camargo & Ferragut 2014). Another study in
the North region, at Viveiro pond (oligotrophic), the Zygnematophyceae contribution reached 25%
(Franca et al. 2011), superior to the values reported in the urban eutrophic ponds from Goiania
considered in the present study, where they were around 1%.

In terms of richness, this study reported values relatively smaller than other ones conducted
at Ninfeias and Viveiro ponds. The Zygnematophyceae richness ranged between 8 and 26 taxa
among the urban ponds from Goiania. At Ninfeias pond, the richness has ranged between 20 — 39
taxa (Souza & Ferragut 2012; Santos & Ferragut 2013; Camargo & Ferragut 2014); and at Viveiro
pond, Franca et al. (2011) reported 128 taxa.

These relatively low values can be attributed to the high trophic status of the ponds studied,
considering the ecological preference of most Zygnematophyceae for oligo-mesotrophic waters,
as it has been stressed in the literature (Coesel 1982, 1996). Differences in composition between
substrates may be related to local features, as was discussed by Pals et al. (2006). Also, the higher
Zygnematophyceae richness reported in the epiphyton was probably because the rooted submerged
macrophytes are substrates that favor periphytic colonization once they turn nutrients from
sediments available to the periphyton (Wetzel 2001).

In the present work, the ponds with higher richness presented 26 (Flamboyant) and 19 taxa
(Leolidio Di Ramos Caiado), highlighting the relatively high number of taxa belonging to the
genus Cosmarium and Staurastrum, as well filamentous species belonging to Mougeotia and
Spirogyra.

According to the literature (Razicka 1977, Brook 1965), the genus Cosmarium,
Staurastrum and Closterium present species that indicate eutrophic conditions, in pH ranging from

6.7 to 8.5 (Razicka 1977). Many taxa reported in this study were listed by Coesel (1975) as typical
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from eutrophic environments, such as Closterium acutum var. variabile, Closterium ehrenbergii
var. ehrenbergii, Pleurotaenium trabecula var. trabecula, Cosmarium regnellii var. regnellii,
Cosmarium regnesii var. regnesii, Cosmarium subgranatum var. subgranatum e Gonatozygon
monotaenium var. monotaenium.

The taxon Staurastrum volans was reported here and by Nogueira et al. (2008) for the
ponds JB, VB and LR. Other studies conducted in eutrophic environments have cited this taxon as
well (Domingues & Torgan 2011; Santos et al. 2013). The same happened for Pleurotaenium
trabecula var. trabecula (Domingues & Torgan 2011; Santos et al. 2013) and Closterium acutum
var. variabile (Domingues & Torgan 2011). On the other hand, Cosmarium regnesii var. regnesii
has been reported for both eutrophic (Coesel 1975; Santos et al. 2013) and oligotrophic systems
(Estrela et al. 2011).

The ponds were relatively distinct in relation to Zygnematophyceae composition,
highlighting the high beta diversity among them. The high dissimilarity were probably due to
morphometric heterogeneity, favoring communities with different compositions.

In summary, although these nine urban ponds do not present the limnological conditions
usually associated to Zygnematophyceae ecological preferences, this algal group was still
detected. Most taxa reported here have been cited by literature in eutrophic habitats, and may be
used as biological indicators. Some ponds with relatively high nutrient values (e.g., Flamboyant
pond) also presented higher diversity, which can be explained by these taxa tolerance to their local

environments.
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Figure 1. Study area (Source: Google Images and Google Earth. Images adapted by the author)
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Table 1. Geographic coordinates and morphometric data of nine urban eutrophic ponds from Goiania, GO

Ponds Codes Soeoor%riig?(ig Al?r::;de ,?hrg;:l Mean depth (m)
AreiZo AR ig ?52 112;); ; (S) 802 15 2.3
Beija-flor BF s 702 0.4 14
Botafogo BO igfg 525315 ’ (S) 736 0.4 17
Flamboyant FL ig:‘l‘i;f; 20(()’3 807 0.7 15
Jardim Botanico Amalia Teixeira Franco JB 26924135 2640128 OS 833 1.6 2.1
Leolidio Di Ramos Caiado LE ig 1357 ;‘8:217. | (S) 721 2.1 18
Liberdade L] 14693122 5287750 .OS 704 0.2 15
Lago das Rosas LR ig fg.';;‘_'g; ) (S) 734 1.2 17
Vaca Brava VB 1642 31.797'S 800 13 18

49°16'15.50"°0
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Table 2. Mean values for limnological variables in urban eutrophic ponds from Goiénia, GO (see codes at Table 1). (For some variables the
standard deviation is also presented; n = 3)

. . . Ponds
Limnological variables
AR BF BO FL JB LE LI LR VB
Water temperature (°C) 228+0.7 244 +0.6 253+05 244102 24.7+£0.6 214104 229+0.1 254+0.2 246+0.8
pH 6.7 £0.03 6.8 £0.02 6.7 £0.02 7.1+0.1 6.8+0.1 6.5+0.05 6+0.1 6.4+04 6.5+0.05

Electrical conductivity (uScm?) 153.6+0.10 1453+0.10 90.2+056 66.1+0.25 109.3+0.25 57.2+0.47 108.1+0.66 154.1+1.01 97.2+0.28

Dissolved oxygen (mg L) 76 £04 85+04 59+005 6.9+0.05 7+0.11 7.1+0.11 4.7 +0.17 7.2+0.17 7+0.36
Turbidity (NTU) 7£0.05 133+23 186+12 3.6%06 4+1 126+21  93+06 9.6+2.1 541
Total phosphorus (pg L) 820 180 360 1770 10 1470 440 800 60
Ef)l')”b'e Reactive Phosphorus (kg 520 60 110 880 <10 910 90 160 10
Total nitrogen (ug L) 4680 760 2960 1680 3260 1340 760 3680 1470
Nitrate (ug L% 2650 200 2400 2590 1610 200 200 3100 900
Silicate (ug L) 3000 3630 6800 <100 2700 3150 870 1730 2350

Chlorophyll a (ug cm?) 19+0.2 29%2 16+04 21+x11 08+04 1.6+0.1 1.1+£09 24+26 23+0.2
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Table 3. Mean density (ind cm) and frequency of occurrence (F) of periphytic Zygnematophyceae in urban eutrophic ponds from Goiania, GO
(Legend: P = epiphyton; L = epiliton; * = rare; **common *** = frequent. **** = constant)

=) Ponds
or Taxa F AR BF BO FL JB LE LI LR VB
L L P-L P P-L P P-L P-L P-L P-L
ZYGNEMATALES
Mesoteniaceae
L Cylindrocystis brebissonii Menegh. ex De Bary var. 9 * 183 L
minor West & G.S. West
P Netrium digitus (Ralfs) Itzigsohn & Rothe var. digitus 4 * 82" 194°P
P Ne'griunj oblongum (De Bary) Lutkem. var. 9 % 560
cylindricum West & G.S. West
Zygnemataceae
P, L Mougeotia sp. 1 22* 72 87 72°P 2514PL 177 84P  388°F
P, L Mougeotia sp. 2 16* 93 3587 840 365" 6307 42°
P, L Mougeotia sp. 3 29** 93 1021 72°P 430 915"t 498°F 729°
P, L Spirogyrasp. 1 18* 27 139+ 72° 75 38t 521°F 729°
P, L Spirogyra sp. 2 13 * 692"  343° 756 P L
P Spirogyrasp. 3 4% 3467  53F
DESMIDIALES
Closteriaceae
PL Closterium acutum var. variabile (Lemmermann) 4% 1093 L

Willi Kreiger



P, L

P, L

P,L

Closterium closterioides Ralfs var. intermedium (J.
Roy & Bisset) Ruzicka

Closterium dianae Ehrenberg ex Ralfs var. arcuatum
(Brébisson) Rabenhorst

Closterium ehrenbergii Menegh. ex Ralfs var.
ehrenbergii

Closterium leibleinii Kutzing ex Ralfs var. leibleinii
Closterium parvulum Négeli var. parvulum
Desmidiaceae

Actinotaenium cucurbita (Bréb.) Teiling ex Ruzicka &

Pouzar var. cucurbita

Actinotaenium cf. diplosporum (P. Lundell) Teiling
var. americanum (West & G.S. West) Teiling

Actinotaenium inconspicuum (G.S. West) Teiling

Cosmarium abbreviatum Racib. var. minus (West &
West) Krieger & Gerloff

Cosmarium candianum Delponte var. candianum
Cosmarium exiguum W. Archer var. exiguum
Cosmarium margaritatum (P. Lundell) Roy & Bisset

var. margaritatum

Cosmarium moniliforme (Turpin) Ralfs var.
moniliforme

Cosmarium obsoletum (Hantzsch) Reinsch var.
obsoletum

Cosmarium pseudoconnatum Nordst. var.
pseudoconnatum

Cosmarium cf. pseudoretusum Ducell.

2*

2*

2*

7 *
4 *

20 *

9*

2*

4 *

2*
4*

20 *

7*

16 *

4 *

4 *

141°

649

83

72t

598°

1975t

1097Ft

139+%

191°

143°

280

280

280

840

2277

2747 ¢

2843°
82"

73L

283"t

35°F

35t

42°
14°P

62

97°P

194°P

729°
26-

485"
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Cosmarium punctulatum Bréb. var. punctulatum 2* 1599 P L 509"
Cosmarium quadrum P. Lundell var. minus Nordst. 9* 186 446™- 560 1353™t
Cosmarium regnellii Wille var. regnellii 2* 294 1592Pt 75°
Cosmarium regnesii Reinsch var. regnesii 13* 143 691PL 253 2101Pt 2610™ ¢
Cosmarium reniforme (Ralfs) W. Archer var. P L

! 20 * 598"
reniforme
Cosmarium subgranatum (Nordst.) Litkem. var. 09 % 487 348L 29356P L
subgranatum
Cosmarium tenue W.Archer 36 ** 17697 L
Cosmarium trilobulatum Reinsch var. abscissum * P.L P
(Schmidle) Willi Krieg. & Gerloff ! 83 4r4 37 2219
Euastrum denticulatum (Kirchner) Gay var. PL

: 16 * 976"

denticulatum
Euastrum rectangulare F.E. Fritsh & M.F. Rich 9* 183"+
Hyalotheca cf. dissiliens Bréb. ex Ralfs 18 * 42°
Pleurotaenium trabecula (Ehrenb.) ex Nageli var. 7% 27 436 101° 454P L 1170%
trabecula
Staurastrum chaetoceras (Schr.) G.M. Sm. var. 9 * 144° 365°

convexum Gronblad
Staurastrum cf. excavatum West & G.S. West 4* 358"
Staurastrum cf. excavatum West & G.S. West var.

* P L
minimum C.Bernard ! 430 54
Staurastrum leptocladum Nordst. var. leptocladum * p
4 503
Nordstedt
Staurastrum leptocladum Nordst. var. cornutum Wille 20 * 479°

Staurastrum smithii Teiling 9 * 8537k 2195™ L



P, L

P, L
P, L

Staurastrum tetracerum (Kiitz.) Ralfs ex Ralfs var.
tetracerum

Staurastrum volans West & G.S.West
Staurodesmus pterosporus (P.M.Lundell) Bourrelly

Gonatozygaceae

Gonatozygon kinahanii (W. Archer) Rabenh. var.
kinahanii

Gonatozygon monotaenium De Bary ex Rabenh. var.

monotaenium

13 *

4 *
2 *

7*

2*

39°P 504 P
4247t
183"
633
253

26P 35t
35°F

589 42°P

64

1327t

Total

1777

2982 2848 18162

7340 17588 2320 412

8658




Table 4. Diversity indices of periphytic Zygnematophyceae in urban eutrophic ponds from Goiania, GO

. Margalef Shannon Pielou
Ponds Richness

S) Index Ind?x Ind'ex
(M) (H) (J)

AR 9 2.33 1.86 0.85
BF 10 2.47 1.92 0.83
BO 8 2.15 1.77 0.85
FL 26 4.76 2.88 0.88
JB 13 3.43 2.29 0.89
LE 19 3.47 2.59 0.88
LI 9 1.86 1.77 0.80
LR 9 3.03 2.07 0.94

VB 15 3.26 2.03 0.75
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5. CONSIDERACOES FINAIS

Os lagos urbanos do municipio de Goiania, Goids, apresentaram caracteristicas
limnolégicas de corpos d’agua eutroficos. No geral, todos os lagos apresentaram altos valores de
nutrientes, especialmente fosforo e nitrogénio total, principais agentes causadores do processo de
eutrofizacdo.

Os elevados valores de clorofila a e densidade total demonstraram que as condigdes
ambientais foram favoraveis ao crescimento do perifiton. A Classe Cyanophyceae foi a mais
representativa chegando a compor quase todo o valor da densidade para alguns lagos, como os
Lagos Beija-flor e Jardim Botanico.

A rigqueza de Zygnematophyceae apresentou valores relativamente menores dos
encontrados em outros lagos urbanos brasileiros estudados, sendo o lago Flamboyant o mais
representativo. Algumas das espécies de Zygnematophyceae encontradas neste estudo sdo
geralmente associadas a ambientes com caracteristicas eutréficas, podendo ser utilizadas como
indicadores bioldgicos. Quanto a diversidade de Zygnematophyceae, os maiores valores foram
aferidos para o lago Flamboyant, considerado o mais diverso dentres os lagos. No que se refere a
diversidade beta, os lagos apresentaram altos valores de dissimilaridade, indicando composi¢coes
floristicas bastantes distintas entre eles.

Por fim, os lagos com maiores valores de nutrientes foram 0s mais representativos em
riqueza e os mais diversos para a classe, 0 que pode estar associado a tolerancia destes taxons as

condigdes do meio no qual estdo inseridos.
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Scope of the jornal

Acta Botanica Brasilica (Acta bot. bras.) is the official journal of the Sociedade Botanica
do Brasil (Botanical Society of Brazil, SBB) and was founded in 1987. Since 1998, the journal
publishes four issues per year. Experimental, theoretical and applied papers on all aspects of plant
(including algae) and fungi biology are welcome. The submitted manuscript or its essential content
must not have been published previously or be under consideration for publication elsewhere.
Contributions should be substantial, written in English and show general interest. Manuscripts that
report aspects of local interest are discouraged unless the implications of the findings are wide-
reaching. Manuscripts with agronomic subjects are expected to contain a substantial amount of
basic plant biology.

There is no fee for submission and review articles.

Why publish in Acta Botanica Brasilica?

e Acta bot. bras. is an indexed, open-access, peer-reviewed journal devoted to publishing
high quality research in Plant Biology.

e There is no cost for publication.

e All manuscripts published by Acta bot. bras. are open-access, maximizing the impact of
your research.

e The submissions are peer-reviewed by at least two experts who evaluate scientific quality
and novelty.

e Ourreview process is very efficient. It will only take about two months for the first decision
on your manuscript.

e The manuscripts are advertised to all members of the SBB, available in the journal website,
in the SciELO database and in social media.

e Acta bot. bras. is indexed in Scopus and Web of Science among others.

e Increasing impact factor: Acta bot. bras. IF has been increasing in the last evaluations (from
0.374 in 2012 to 0.545 in 2014).
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Language editing

If English is not your first language, it is strongly recommended to have your manuscript
edited for language before submission. This is not a mandatory step, but may help to ensure that
the academic content of your paper is fully understood by journal editors and reviewers. Language
editing does not guarantee that your manuscript will be accepted for publication. Authors are liable
for all costs associated with such services.

Types of articles

Standard research papers (ORIGINAL ARTICLES) should not normally exceed twelve
printed pages, except for REVIEWS (which may not exceed 25 printed pages). Reviews are
solicited by the editors, but authors are also encouraged to submit potential topics for
consideration.. Opinion papers (VIEWPOINTS), METHODS and SHORT COMMUNICATIONS
are also welcome and should not exceed five printed pages. To estimate the number of printed
pages, consider that each page of text contains about 500-700 words.

Summary of submission processes

Submission management and evaluation of submitted manuscripts will involve the
Journal’s online manuscript submission system. The manuscript text should be prepared in English
(see PREPARING THE ARTICLE FILE below for details) and submitted online

(http://mc04.manuscriptcentral.com/abb-scielo). Figures, tables and other types of content should

be organized into separate files for submission (see Preparing Tables, Figures and
Supplementary material below for details). If you are using the online submission system for the
first time please go to the login page and generate a login name and password after clicking on the
“New user - register here” link. If you are already registered but need to be reminded of your
login name or password please go to the login page and inform your email in “password help”.

Please never create a new account if you are already registered.

If you are unable to access our web-based submission system, please contact the Editorial

Office (acta@botanica.org.br)

Cover letter

All manuscripts must be submitted with a cover letter, which should include an
approximately 80 word summary of the scientific strengths of the paper that the authors believe
qualify it for consideration by Acta Botanica Brasilica. The cover letter should also include a
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statement declaring that the manuscript reports unpublished work that it is not under active
consideration for publication elsewhere, nor been accepted for publication, nor been published in

full or in part (except in abstract form).

Preparing the article file

(Please consult a last issue of Acta Botanica Brasilica for layout and style)

All manuscripts must follow these guidelines: the text should be in Times New Roman
font, size 12, double-spaced throughout and with 25 mm margins; the paper size should be set to
A4 (210 x 297 mm). All pages should be numbered sequentially. Each line of the text should also
be numbered, with the top line of each page being line 1. For text files .doc, .docx and .rtf are the
only acceptable formats. Files in Adobe® PDF format (.pdf files) will not be accepted. When
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article file should not include any illustrations or tables, all of which should be submitted in
separate files.

The first page should state the type of article (Original Article, Review, Viewpoint,
Method or Short communication) and provide a concise and informative full title followed by the
names of all authors. Where necessary, each name should be followed by an identifying superscript
number (> 23 etc.) associated with the appropriate institutional address to be entered further down
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be the submitting author. The institutional address(es) of each author should be listed next, each
address being preceded by the superscript number where appropriate. The address must be
synthetic, just enough to send a letter. Titles and positions should not be mentioned. This
information is followed by the e-mail address of the corresponding author
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paragraph without references. The Abstract should outline the essential content of the manuscript,
especially the results and discussion, highlighting the relevance of main findings.

The Abstract should be followed by between five and ten Key words. Note that essential
words in the title should be repeated in the key words.

Original articles should be divided into sections presented in the following order:
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Abstract

Introduction
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Numbers up to nine should be written out unless they are measurements. All numbers above ten
should be in numerals unless they are starting sentences.
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Preparing Figures, Tables and Supplementary material

All figures (photographs, maps, drawings, graphs, diagrams, etc.) and tables must be cited
in the text, in ascending order. Citations of figures in the text should appear in an abbreviated,
capitalized form (e.g., Fig. 1, Fig. 2A-D, Fig. 3A, Figs. 3A, 4C, Tab.1).

The maximum dimensions of individual figures should be 170 x 240 mm. The width of an

individual component can be 170 mm or 85 mm, without exception, whereas the height can be <
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240 mm. For continuous tone images (e.g., photographs), please supply TIFF files at 300 dpi. More
complex drawings, such as detailed botanical illustrations will not be redrawn and should be
supplied as 600 dpi TIFF files.

Grouping of related graphics or images into a single figure (a plate) is strongly encouraged.
When a block of illustrative material consists of several parts, each part should be labelled with
sequential capital letters, in the order of their citation in the text (A, B, C, etc.). The letters that
identify individual images should be inserted within white circles in the lower right-hand corner.
For separate the grouped images, authors should insert white bars (1mm thickness).

Individual images (not grouped as a plate) should be identified with sequential Arabic
numerals, in the order of their citation in the text (Fig. 1, Fig. 2, Fig. 3, etc.), presented in the same
manner as the letters identifying individual images (described above).

The number that identifies a grouped figure (e.g., Fig. 2) should not be inserted into the
plate but should rather be referenced only in the figure caption and the text (e.g., Fig. 2A-C).

Scale bars, when required, should be positioned in the lower right-hand corner of the figure.
The scale bar units should be given either at the end of the figure caption or, when a figure contains
multiple scale bars with different units, above each bar.

Details within a figure can be indicated with arrows, letters or symbols, as appropriate.

Tables should be preceded by titles, indicated with sequential Arabic numerals (Table 1, 2,
3, etc.; do not abbreviate). Tables should be created using the Table function of Microsoft Word™.
Columns and rows should be visible, although no dark lines should be used to separate them.
Horizontal rules should be used only at the top (below the title) and bottom (below the final row)
of the table. Do not use fills, shading or colors in the tables.

When appropriate, excess (but important) data can be submitted as Supplementary Files,
which will be published online and will be made available as links. This might include additional
figures, tables, or other materials that are necessary to fully document the research contained in
the paper or to facilitate the readers' ability to understand the work.

Supplementary Materials are generally not peer refereed. When a paper is published, the
Supplementary Materials are linked from the main article webpage. They can be cited using the
same DOl as the paper.

Supplementary Materials should be presented in appropriate .doc or .pdf file format. These
archives should contain inside all supplementary tables and files and any additional text. The full
title of the paper and author names should be included in the header. All supplementary figures

and tables should be referred in the manuscript body as “Table S1”* and/or “Figure S1”.
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Acta bot. bras. intends to maintain archives of Supplementary Materials but does not
guarantee their permanent availability. Acta bot. bras. reserves the right to remove Supplementary

Materials from a published article in the future.

The Review Process

All authors will receive an email acknowledging the submission of the manuscript, with its
correspondent reference number. The Editor-in-Chief will evaluate manuscript adherence to
instructions, quality and novelty and will decide on the suitability for peer reviewing. Manuscripts
failing to adhere to the format will be returned to the authors. Manuscripts are sent to at least two
anonymous referees that are given 21 days to return their reports.

Submitting a revised paper
After peer review, go to “click here to submit a revision” and upload the new manuscript

version. Remember to delete the documents in duplicate.

Publication and printing process

After acceptance, a PDF proof will be sent to corresponding authors as an e-mail
attachment. Corrected proofs should be returned within 72 h. It is the sole responsibility of the
corresponding author to check for errors in the proof.

Each article is identified by a unique DOI (Digital Object Identifier), a code used in
bibliographic referencing and searching.

The dates of submission and acceptance will be printed on each paper.

The corresponding author will receive a free PDF or URL that gives access to the article
online and to a downloadable PDF.

The corresponding author is responsible for distributing this PDF or URL to any co-

authors.

Misconduct

Misconduct on submitted manuscripts will lead to immediate rejection. Duplicate
publication, plagiarism, figure manipulation, dual-submission, and any other fraudulent method
will not be tolerated.

If misconduct is detected after the manuscript publication, the article will be retracted and

a retraction note will be published.
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