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RESUMO

Material particulado em suspensdo (séston) em ecossistemas aquéaticos contém dois
compartimentos: organismos (plancton) e particulas. Conhecimento sobre a contribuicdo das
particulas para o séston é essencial para a compreensdo da dinamica de fluxos troficos em
ecossistemas marinhos. Este estudo tem como objetivo medir a biomassa sestonica umida
total e avaliar as contribuicdes relativas do mesozooplancton e das particulas em suspensédo
em amostras de plancton. As amostras foram obtidas no estuario do Rio Formoso e na Baia de
Tamandaré (Pernambuco, Brasil). Arrastos subsuperficiais horizontais foram realizados
durante dois anos (junho / 2013 a maio / 2015) em intervalos bimestrais com redes de
plancton (malhas: 200 e 300 um) durante as estacdes seca e chuvosa. Um total de 155
amostras foram analisadas para estimar a biomassa sestdnica Umida total e posterior
identificacdo e estimativa de densidade e volume do zooplancton e das particulas usando o
equipamento ZooScan. Foram detectados, identificados, quantificados e medidos 26 grupos
taxonémicos do zoopléncton. Dentre estes os grupos mais abundantes foram Copepoda
(Calanoida e Cyclopoida), zoeas de Brachyura, outros decépodes, apendiculérias e nauplios
de crustaceos. Foram detectadas 15 categorias de particulas, entre elas, as particulas opacas,
transparentes e escuras, fibras vegetais, e extvias de copépodos foram as mais abundantes. O
ambiente estuarino apresentou os maiores valores de biomassa sestdnica Umida, densidade e
volume, e, também apresentou as maiores concentracdes de particulas e contribuicGes
relativas em termos de volume (72% e 59% do volume, para as malhas de 200 e 300
micrébmetros, respectivamente). No entanto, o ambiente marinho também mostrou
concentracdes e volumes de particulas muito elevadas (32% e 44% do volume, para as malhas
de 200 e 300 micrdbmetros, respectivamente). Zooplancton e particulas mostraram maiores
densidades durante o periodo seco. A comparacdo entre os volumes totais obtidos com
medidas semi-automaticas de imagens digitalizadas e a biomassa sestdnica Umida revelou
uma relacéo linear significativa (R2 = 0,73; p <0,0001). Este estudo confirma a importancia de
mesoparticulas (maiores do que 200 micrdmetros) na estrutura do seston em &reas costeiras
tropicais.

Palavras-chave: Biomassa. Volume. Peso imido. ZooScan



ABSTRACT

Suspended particulate matter (seston) in aquatic ecosystems contains two compartments:
organisms (plankton) and particles. Knowledge on the contribution of particles to the seston is
essential in understanding the dynamics of trophic energy flows in marine ecosystems. This
study aims to measure the total wet seston biomass (wet weight) and to assess the relative
contributions of zooplankton and particles to plankton net samples. The samples were
obtained in the Rio Formoso estuary and in Tamandaré Bay (Pernambuco State, Brazil).
Subsurface horizontal tows were performed during two years (June / 2013 to May / 2015) at
bimonthly intervals with plankton nets (meshes: 200 and 300 pum) during dry and rainy
seasons. 155 samples were analyzed to estimate the total wet seston biomass and subsequent
identification and estimation of density and zooplankton volume and particle volume using a
ZooScan equipment. 26 taxonomic groups of zooplankton were detected, identified,
quantified, and measured. The most abundant were Copepoda (Calanoida and Cyclopoida),
brachyuran zoea, other decapods, appendicularians and crustacean nauplius. 15 categories of
particles were detected, among these, opaque, transparent and dark particles, plant fibers, and
copepod exuviae were the most abundant. The estuarine environment showed the highest
values of wet seston biomass, density and volume and also had the highest particle
concentrations and relative volume contributions, (72% and 59% volume, for 200 and 300 um
mesh nets, respectively). However, the marine environment also showed very high
concentrations and volumes of particles (32% and 44% volume, for 200 and 300 um mesh
nets, respectively). Zooplankton and particles showed highest densities during the dry period.
The comparison between total volumes obtained with semi-automatic measurements of
scanned images with wet seston biomass revealed a significant linear relationship (R2 = 0.73;
p <0.0001). This study underlines the importance of particles (greater than 200 micrometers)
in the structure of the seston in tropical coastal areas.

Keywords: Biomass. Volume. Wet weight. ZooScan.
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1. INTRODUCAO GERAL

Todo o material particulado, seja ele organico ou inorganico, que se encontra suspenso na
coluna d’agua ¢é definido como séston. A matéria organica particulada do séston tem origem
autoctone ou aldctone, refletindo a biogeoquimica do ambiente aquatico (BLANCHOT et al.,
1989; WEN, 1992; NAKAIJIMA et al., 2010 e referéncias contidas). O séston é composto por
um agrupamento heterogéneo de elementos do bacterioplancton, fitoplancton, organismos do
plancton e por detritos (BLANCHOT et al., 1989; WEN, 1992; ODUM, 2004,
GLADSTONE-GALLAGHE et al., 2016).

Dentre os organismos planctdnicos, a comunidade do zooplancton desempenha um papel
fundamental nas teias alimentares, pois representam o elo que transmite a energia sintetizada
pelo fitoplancton para os consumidores de niveis tréficos mais elevados (SCHWAMBORN et
al., 1999; BOLTOVSKOY, 1999; MELO JUNIOR et al., 2007; SANTOS et al., 2009),
contribuindo para a ciclagem e exportagédo de nutrientes organicos e inorganicos presentes na
coluna de agua (GROSS & GROSS, 1996).

Por possuirem um ciclo de vida curto, muitos organismos do zooplancton sao
utilizados como indicadores bioldgicos, refletindo rapidamente as mudangas provenientes da
acdo antropica, tendo a sua distribuicdo espacial e temporal sujeita a variabilidade fisica e
qguimica do ambiente (BERNARDI, 1984; SANTOS et al. 2009; GARRISON, 2010). Neste
aspecto, os processos de distribuicdo das comunidades zooplancténicas tém sido cada vez
mais estudados, ndo s6 pela importancia ecoldgica, mas também por estarem envolvidas em
varios processos que garantem a biodiversidade e o estado de conservacdo do ecossistema
pelagico analisado (PARSONS et al., 1984; OMORI & IKEDA, 1984; NEUMANN-LEITAO
etal., 1999; LOPES et al., 1998).

Visando o conhecimento desta comunidade, uma grande quantidade de estudos tém
sido realizados em ambientes costeiros tropicais, especialmente em &reas estuarinas e
marinhas (NASCIMENTO-VIEIRA et al., 1985, VEGA-PEREZ 1993, PARK &
MARSHALL 2000, ELLIOTI & KAUFMANN, 2007; MELO JUNIOR et al., 2007;
ARAUJO et al., 2008; SCHWAMBORN et al., 2008). No entanto, esses estudos abordam a
estrutura da comunidade do zooplancton com base na composicdo, diversidade e biomassa
sestonica, sem considerar outros aspectos relevantes no estudo da comunidade plancténica

como por exemplo, a contribui¢do das particulas em suspensao para a biomassa sesténica.
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Além do zooplancton, as particulas sdo elementos-chave nos ecossistemas marinhos e
nos ciclos biogeoquimicos (CHECKLEY et al., 2008), podendo ocupar uma parte
significativa do séston numa amostra de plancton obtida com rede, acarretando em uma
superestimacdo da biomassa do zooplancton (NAKAJIMA et al., 2010). Tal problema pode
ser ainda mais grave em aguas estuarinas e costeiras, pois, estes ambientes estdo mais
propensos a elevadas concentracBes de particulas de detritos, a exemplo das algas, exuvias,
particulas vegetais, plasticos, fibras de nylon, dentre outros, devido a sua proximidade com 0s
ecossistemas adjacentes, a exemplo dos manguezais e o0s recifes de corais e a a¢do antrépica.
Estas particulas geralmente ficam presas as malhas das redes resultando na agregacdo do
zooplancton a estas particulas, ocasionando em uma tarefa praticamente impossivel, isolar os
individuos das particulas para identificacdo, enumeracdo e quantificacdo da biomassa
(ALCARAZ et al., 2003; NAKAJIMA et al., 2010).

Em estudos de dindmica trofica marinha, é sempre necessario medir com precisao a
biomassa do zoopléancton (HARRIS et al., 2000; ALCARAZ et al.,, 2003; LEHETTE &
HERNANDEZ-LEON, 2009; NAKAJIMA et al., 2010; CRIPPS et al., 2016). Inimeros sdo
0s métodos para a quantificacdo da biomassa, porém, ainda ndo sdo padronizados (JACOBS
& GRANT, 1977; HARRIS et al., 2000; ALCARAZ et al., 2003; PINTO-COELHO et al.,
2005). Alguns métodos buscam mensurar a biomassa da forma mais precisa possivel, porém,
outros apenas retratam uma medida aproximada. A mensuracdo direta da biomassa é
frequentemente representada por uma medida de peso sestbnico das amostras de plancton
(McCAULEY, 1984; ALCARAZ et al., 2003; PINTO-COELHO et al., 2005; MELO
JUNIOR et al., 2007). Apesar desta ser uma forma pratica de estimar a biomassa, este método
convencional é prejudicado pela impossibilidade de separagdo e classificagdo dos diferentes
componentes do plancton, sejam eles organismos ou particulas em suspensdo (ALCARAZ et
al., 2003; NAKAJIMA et al., 2010).

Um dos grandes desafios da oceanografia tem sido diferenciar os componentes do
séston para quantificar a contribuicdo real do zooplancton e das particulas. Métodos
alternativos para estudar o plancton incluem sistemas de analises de imagem (SCHUMANN
& RENTSCH, 1998; GROSJEAN et al., 2004; GORSKY et al.,, 2010), sendo métodos
promissores por permitirem a aplicacdo entre diferentes ecossistemas (GORSKY et al., 2010).
Com base nisto, métodos opticos utilizados in situ estdo sendo desenvolvidos e aprimorados,
dentre eles, o Video Plankton Recorder, VPR (DAVIS et al., 1992), Underwater Video
Profilers, UVP (GORSKY et al., 2000) e o Laser Optical Particle Counter, LOPC (HERMAN
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et al., 2004), sdo os trés primeiros instrumentos de alta resolucdo de imagens criados para a
quantificacdo de pequenos organismos e particulas (< 2 mm). No Brasil, um dos poucos
estudos que abordaram a contribuicdo de particulas em suspensdo na coluna de agua fez uso
in situ de um contador de particulas (LOPC), no Banco dos Abrolhos e adjacéncias, no
entanto, ndo distingue as contribui¢cbes em termos de biomassa das particulas no plancton
(MARCOLIN et al., 2013). No entanto, estes equipamentos ndo envolvem a metodologia
convencional na coleta de plancton, a utilizacdo de arrastos de rede e malhas que retém
individuos e particulas fisicamente maiores e menos frageis.

O ZooScan é um equipamento similar a um escéner comercial, com resolucéo
taxondmica variavel que possibilita uma classificagdo rapida das amostras fixadas de plancton
e pode auxiliar também nos calculos de contagem para uma variedade de estudos ecologicos,
uma vez que medidas morfométricas e Opticas sdo obtidas para cada particula escaneada
(>300 pm), de amostras processadas em laboratério em um menor tempo de analise
(GROSJEAN et al., 2004; GORSKY et al., 2010; VANDROMME et al., 2012; FOREST, et
al., 2012). O ZooScan integrado aos softwares ZooProcess e Plankton Identifier (PKID) e ao
conjunto de dados fornecidos por eles, permitem o estudo dos diferentes componentes do
plancton. E, representam um Gtimo meio para 0 monitoramento do estado dos ecossistemas
plactonicos (VANDROMME et al., 2012).

O presente trabalho propde produzir novos conhecimentos sobre a estrutura dos
ecossistemas estuarinos e marinhos tropicais em relacdo a contribuicdo de organismos e
particulas em termos de biomassa sestnica, representando o primeiro esfor¢o em se estimar a
abundancia e o volume das particulas de detritos através da combinacdo de métodos direto e
indireto (peso Umido e analise de imagem, respectivamente) em amostras de plancton

previamente preservadas.

2. HIPOTESE

Particulas ndo-vivas tém contribuicdo relevante para a biomassa sesténica em amostras

de plancton costeiro.
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3. OBJETIVOS

3.1 Objetivo geral

Analisar e comparar a contribuicdo das particulas em suspensdo nas amostras de

séston obtidas com redes de coleta de plancton em dois ecossistemas costeiros tropicais.

3.2 Objetivos especificos

i. Identificar os componentes correspondentes ao zooplancton e as
particulas em suspensao nos calculos de biomassa sesténica;
ii. Identificar os principais grupos taxondmicos e as principais categorias

de particulas que contribuem para os valores de biomassa sestonica;

4. MATERIAL E METODOS

4.1 Areas de estudo

Este estudo faz parte integrante do projeto St-ESPLAN-Tropic, conduzido na regido
Nordeste do Brasil e abrange a camada subsuperficial da coluna d’agua do estuario do rio
Formoso (Fig. 1) e da baia de Tamandaré (Fig. 2). Ambas as areas apresentam um clima do
tipo As’, tropical quente e imido, com elevada precipitagdo pluviométrica anual com maiores
concentracdes entre os meses de marco e julho, caracterizando o periodo chuvoso e 0s meses
de agosto a fevereiro caracterizam o periodo seco (APAC - http://www.apac.pe.gov.br).

O municipio de Rio Formoso esta localizado a 92 km de Recife. Parte de seu territorio
esta incluida em uma Area de Protecdo Ambiental — APA através do Decreto Estadual n°
19.635, de 13 de margo de 1997, APA de Guadalupe. Hidrograficamente este municipio esta
inserido nas bacias dos rios Formoso, dos Passos, Lemenho e Porto das Pedras, a noroeste, e
pelo rio Ariquinda, ao sul (FIDEM, 1987). Neste complexo fluvial, destaca-se o estuario do
rio Formoso, situado entre as coordenadas geograficas 8°39°- 8°42°S e 35°10°- 35°05’W, com

uma area aproximada de 2.724 hectares com uma extensdo de 12 km e, ao longo do seu
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percurso recebe despejos domésticos e residuos advindos da agroindustria agucareira (SILVA,
et al., 2009). A érea estuarina é de planicie alagada, margeada em toda sua extensdo por
mangues das espécies Rhizophora mangle Linnaeus (mangue vermelho), Laguncularia
racemosa (L.) Gaertn (mangue branco), Avincenia schaueriana Stapf. e Leechman (mangue
preto) e Canocarpus erectus Linnaeus (mangue botdo) (SILVA, 2003). Existe o predominio
de sedimentos lamosos de coloragdo escura ricos em matéria orgdnica, 0s quais
parecem constituir a fonte mais importante de material em suspensdo no estuario (LIRA
etal., 1979).

Figura 1. Ambientes coteiros amostrados e suas respectivas estacdes de coleta: Estuario do rio Formoso (E1, E2
e E3) e baia de Tamandaré (B1, B2 e B3) durante o periodo de junho de 2013 a maio de 2015 no Litoral Sul do
Estado de Pernambuco (Brasil). Fonte: Nathalia L. Silva. A) Vista parcial do Estuario do rio Formoso. Fonte:
Nathalia L. Silva. B) Vista parcial da baia de Tamandaré. Fonte: Google imagens.

e N Estuario do Rio Formoso
4 + \\ !
o I
&S5 N
T BRAZIL A i
» A s [
:O o
O -
g < g
o] A
1 @ X s
2] = LE7
5 E Y
< ) —E2 3 /
o | Formoso River,®—e 7 /
2 © V. /4 /
Estua Vo Y
L / -
# -2y 4
o | /Y _ Baia de Tamandaré
Q < ,
?c / ///./
] o b r
% // A
o] 5
3 Tamandar/('
2 Bay .7/
1 81~ s
[ J
» B2
Q. 2% 77 Reefs |
= P &
© ,;,"’,
] )\Zﬂ/’/ '//‘.({‘/ 0 1 2 4 km i

35°80'W  35°60'W  35°40'W  35°20'W
A baia de Tamandaré localiza-se na cidade de Tamandaré, cerca de 110 km ao sul da
cidade de Recife. O litoral do municipio esta localizado entre as latitudes 8°42,602” S e
8°46,671° S e tem sua area costeira dividida em trés praias: Carneiros ao norte, Campas ao
centro e ao sul, a propriamente dita, baia de Tamandaré (MAIDA & FERREIRA, 1995;

CAMARGO et al., 2007). A baia de Tamandaré trata-se de uma enseada aberta e com cerca
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de 3 Km? de superficie, com formato semicircular com concavidade voltada para o leste
(MOURA, 1991; MOURA & PASSAVANTE, 1993), destacando-se por possuir uma linha de
recifes, separando-o do mar-aberto e constituindo um “quebra-mar” natural (REBOUCAS,
1966). Seu sedimento é classificado como carbonatico com predominio de macroalgas, com
altas taxas de sedimentacdo e baixa hidrodindmica, em decorréncia de barreiras de arenito
paralelas & costa que criam um aprisionamento das aguas (REBOUCAS, 1966; CAMARGO
et al, 2007).

4.2 Atividades de campo

O material coletado foi obtido através de arrastos horizontais subsuperficiais, em
intervalos bimestrais com duragdo de 5 minutos em cada coleta, em trés estacdes de coleta no
estuario do rio Formoso e trés estaces na baia de Tamandaré (Fig. 3) com uma embarcacao
com velocidade de 2 a 3 nos.

As amostras foram obtidas através de duas redes de plancton com aberturas de malhas
de 200 um e 300 um (com didmetro de boca de 30 cm e 60 cm, respectivamente). Na boca
das redes foi acoplado um fluxémetro para os célculos de volume de agua filtrada. Em
seguida, as amostras coletadas foram fixadas em formaldeido (4% de concentracdo final)
tamponada com tetraborato de sédio (5 g*L™) conforme as recomendacdes descritas em
Omori & lkeda (1984) e Harris (2000) para a obtencdo do peso Umido e posterior
digitalizacdo e analise de imagens.

Durante a coleta dos dados bidticos, também foram registradas a temperatura da agua
em graus Celsius (°C), salinidade em UPS (Unidade Padrdo de Salinidade), e profundidade
local através de um mini-CTD (marca CastAway - YSI) e a transparéncia da agua (m) atraves

do disco de Secchi.
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4.3 Atividades laboratoriais

4.3.1 Biomassa sestonica umida

No laboratério de zoopléncton, localizado no Museu de Oceanografia da UFPE, foram
analisadas um total de 155 amostras. Estas foram filtradas usando filtros de nylon com
abertura de malha de 120 um, removida a agua intersticial com o auxilio de papel toalha e
pesadas em uma balanga analitica de precisdo (0,001 g) para a obtencdo do peso Umido de
cada amostra, de acordo com as técnicas descritas em e Newell & Newell (1963) e Omori &
Ikeda (1984). Os macrodetritos, caracterizados assim por fragmentos de macroalgas,
faner6gamas, manguezais e plasticos cujo tamanho foi igual ou maior que 1 cm foram

retirados das amostras e pesados separadamente.

4.3.2 Procedimentos com o ZooScan

O equipamento ZooScan foi utilizado para quantificar a densidade e o volume dos
organismos e das particulas das amostras do plancton, além de possibilitar a identificacdo
automatizada. Para gerar imagens no ZooScan, cada amostra foi colocada em um béquer
adicionando-se agua doce filtrada para diluicio. Em seguida, cada amostra foi
cuidadosamente homogeneizada com uma concha sueca e retirada uma subamostragem de 10
ml para que fosse possivel a obtencdo de um namero amostral representativo. Ao final, o
namero de objetos contidos por amostra variou entre 400 e 4.000 particulas escaneadas.

As amostras de zooplancton foram digitalizadas (GROSJEAN et al., 2004). As
imagens foram geradas em tons de cinza a uma resolucdo de 2.400 dpi. Posteriormente, as
imagens geradas foram analisadas com o software ZooProcess (versdo 7.19) (http://www.obs-
vifr.fr/lLOV/ZooPart/ZooScan). Este software isola as imagens, conhecidas como vinhetas.
Para cada vinheta, inlmeros parametros relativos ao tamanho, nivel de cinza e forma foram
armazenados em um arquivo de extensdo (* .pid), que foi posteriormente carregado no
software Plankton Identifier (versdo 1.3.4) (GORSJEAN et al., 2004; GORSKY et al. 2010).
As vinhetas entdo foram classificadas manualmente usando o modelo Cross-validation 6
(Random Forest) e armazenadas gerando um banco de dados a fim de obter um conjunto de
treinamento (training sets) para uma posterior identificagdo automatizada dos organismos e

das particulas em suspensdo que compuseram as amostras de plancton. Para corrigir possiveis
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erros da classificacdo semi-automatica entre as categorias de organismos e particulas, todas as
vinhetas foram identificadas manualmente (validagéo).

As vinhetas dos organismos e das particulas que compuseram o conjunto de
treinamento dos dados do ZooScan foram distribuidos em 41 diferentes categorias, sendo que
26 para os organismos (ANEXO 1), 12 para as particulas (ANEXO II) e 3 para os artefatos
de escaneio (ANEXO I11).

Ap0s validacdo da base de treinamento, observou-se que as amostras eram compostas
por organismos do holoplancton e do meroplancton, representados pelos seguintes grupos
taxonémicos: Copepoda, Appendicularia, Decapoda, Chaetognatha, Gastropoda, Cnidaria,
Polychaeta, Euphausiacea, Cirripedia, Teleostei (ovos e larvas), Bryozoa e Bivalvia. Além
dos grupos zooplancténicos, foram identificadas particulas de fibras, detritos e fragmentos de
macroalgas. As fibras foram subdivididas em dois tipos: as semelhantes a fios e as de origem
vegetal. Os detritos foram classificados em 5 categorias distintas estabelecidas com base na
tonalidade de cinza e na forma: 1) Mdltiplos (particulas e / ou organismos aglomerados
formando uma Unica estrutura); 2) Detritos vegetais escuros (fragmentos de folhas de
manguezal); 3) Detritos vegetais cilindricos (particulas vegetais com formato cilindrico, por
exemplo raizes); 4) Detritos transparentes (particulas de diferentes formatos e com coloracéo
atingindo o cinza claro, provavelmente oriundas de organismos gelatinosos) e 5) Detritos
opacos (particulas com formas semelhantes as encontradas na categoria dos detritos
transparentes, porém com coloracdo cinza médio). As categorias de detritos escuros,
transparentes e opacos foram subdivididas de acordo com a sua forma, esférica (ou rolicas) e
achatadas (ou planas).

Também houve a deteccdo da categoria “fora de foco”, correspondente as imagens
embacadas, fora da zona de nitidez. Também foram detectados diversas particulas de
escaneio, como bolhas de ar (“Bolhas”) e manchas opacas no vidro semelhante a digitais
(“Artefatos”). No entanto, estas trés categorias (“Fora de Foco”, "Bolhas" e "Artefatos"),

assim como a categoria ‘“Multiplos”, foram, posteriormente, excluidas das analises.
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5. ESTRUTURA DA DISSERTACAO

A utilizacdo da tecnologia nos estudos oceanograficos estd ganhando cada vez mais
destaque. Estudos realizados com o plancton muitas vezes envolvem atividades arduas que
demandam muitos tempo, comprometendo assim, a andlise dos resultados. O equipamento
ZooScan, juntamente com os seus softwares integrados, passam a ser um exemplos de
ferramentas Uteis que fornecem estimativas relativamente rapidas e confidveis para varias
medidas morfométricas, reduzindo, assim, o tempo de andlise dos dados, representando assim,
uma otima alternativa para o monitoramento dos ecossistemas planctonicos.

Esta dissertacdo esta formatada como manuscrito para publicacdo e apresenta a relagédo
existente entre as contribuicdes dos organismos e das particulas em suspensdo encontradas no
plancton, diferenciados através da analise de imagem, para a biomassa sestonica Umida, em
dois ambientes costeiros tropicais.

Em anexo, sdo apresentados detalhes sobre as imagem das categorias de organismos,
das particulas e dos artefatos de escaneio que compuseram o conjunto de aprendizagem do
ZooScan. E em apéndice, fornece um manual de técnicas praticas de procedimentos com o

equipamento ZooScan.
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Capitulo 1

Using image analysis to distinguish the contributions of zooplankton and particles to the

seston biomass in two tropical costal environments

Introduction

Suspended particulate matter (seston) in aquatic ecosystems can be divided into two
basic groups: organisms (plankton) and particles. Knowledge on the contribution of particles
to the seston is essential in understanding the dynamics of trophic energy flows in marine
ecosystems (BLANCHOT et al., 1989; ODUM, 2004; LI et al.,, 2012; GLADSTONE-
GALLAGHE et al., 2016). Until recently, it was impossible to distinguish between the
biomass fractions of zooplankton and particles in standard formaline-preserved plankton
samples. Recent studies conducted with optical in situ equipment measured particles
(SCHULTES & LOPES 2009; OHMAN et al., 2012; MARCOLIN et al., 2013) or used stable
isotope tracers (SCHWAMBORN et al., 2002), but none have been able to distinguish
between particle and zooplankton density and determine their relative biomass in samples
obtained with standard plankton nets. Image analysis equipment in situ they are often not able
to distinguish the zooplankton of suspended particles and therefore its application in water
with high particle loads is not recommended (SCHULTES & LOPES 2009). Equipment used
in laboratory benchtop, like the ZooScan with plankton samples preserved allow better
resolution of images enabling to accurately distinguish the zooplankton of the detritus
particles in suspension.

Biogenic detritus particles are important structures in the pelagic zone of the aquatic
ecosystems because they can be relevant food sources for zooplankton organisms
(SCHUMANN & RENTSCH 1998; SCHWAMBORN et al., 2002; SCHWAMBORN et al.,
2006; OHMAN et al., 2012). Since the particles of anthropogenic debris, such as plastic,
paper, glass, wood, among others, arrive to the marine and coastal environments from various
sources, and are some of the major marine pollutants (COE & ROGERS, 2000). Particles
serve as important physical substrate for several taxa, from bacteria to complex metazoans,
such as microbryozoans (PALUMBO et al., 1984) or many zooplanktonic organisms.

A large amount of studies have been conducted on mesozooplankton (>200
micrometers) community structure in tropical coastal environments, especially in estuaries
areas (NASCIMENTO-VIEIRA et al., 1985, VEGA-PEREZ 1993, PARK & MARSHALL
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2000, ELLIOTI & KAUFMANN 2007, ARAUJO et al., 2008, SCHWAMBORN et al.,
2008). However, these studies addressed only the total wet biomass and the structure of the
zooplankton community based on the composition and diversity, without considering the
contribution of particles to seston biomass. In Brazil, one of the few studies that addressed the
contribution of suspended mesoparticles in the water column made use of an in situ LOPC
equipment at the Abrolhos Bank and adjacent areas, however without being able to
distinguish biomass contributions of particles and plankton (MARCOLIN et al., 2013).

The presence of non-organism mesoparticles (>200 micrometers) in plankton samples
has widely been ignored. One of the few studies on this subject assessed the contribution of
mesoparticles to the seston in a Malaysan coastal area, assessed by the difference between
total seston biomass and zooplankton biomass, without actually counting and measuring any
particles (NAKAJIMA et al., 2010).

Biomass measurements are necessary steps to quantify the transfer of organic matter
and energy flows through planktonic food webs (ALCARAZ et al., 2003; LEHETTE &
HERNANDEZ-LEON 2009; CRIPPS et al., 2016). There are countless methods for the
quantification of biomass, but they are not yet well standardized (see JACOBS & GRANT,
1978, HARRIS et al, 2000; ALCARAZ et al., 2003, PINTO-COELHO, 2004). Direct
measurement of biomass is often represented by a measure of volume or weight of the
samples (OMORI & IKEDA, 1984; ALCARAZ et al., 2003; PINTO-COELHO, 2004; MELO
JUNIOR et al., 2007). Although these are quick, easy and practical ways to estimate the
biomass, these simple, direct methods are hampered by being unable to separate and classify
the different components of the seston and plankton (ALCARAZ et al., 2003).

Alternative methods to study plankton include image analysis systems (DAVIS et al.,
1992; SCHUMANN & RENTSCH 1998; GROSJEAN et al., 2004; GORSKY et al., 2010).
These methods are promising for allowing a fast, semi-automatic application in different
ecosystems (GORSKY et al., 2010). One of the most commonly used image acquisition
equipments is the ZooScan (GORSKY et al., 2010), which, integrated with the ZooProcess
and Plankton Identifier softwares, allows the generation, analysis and classification of digital
images from formaline preserved plankton samples. This semi-automatic approach does
facilitate and assist in the identification and counting, and allows the fast calculation of size,
area and volume for a variety of taxa and ecosystems (GROSJEAN et al., 2004, GORSKY et
al., 2010, VANDROMME et al., 2012).
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Here we present the relative abundance and volume of particles through a combination
of direct and indirect methods (wet weight and image analysis, respectively). It aims to
investigate the existence of possible relationships between mesozooplankton and
mesoparticles, and to test the hypothesis, that mesoparticles may constitute a relevant

component of the seston biomass in tropical costal ecosystems.

Methods

Study area
Sampling was performed in two coastal environments in northeastern Brazil (Fig. 1).

The Rio Formoso estuary is located between 8° 39' - 8° 42' S and 35 ° 10" - 35 ° 05" W. This is
the second largest estuarine system in Pernambuco State, formed by two rivers (Rio Formoso
and Rio Ariquinda). Local depth in the three sampling stations, placed at the estuarine inlet
(Fig. 1), varied from 2.9 m to 11.6 m, depending on the tides (average depth: 6.3 m). It
presents extensive riverine mangrove forests, that line the estuarine margins (SILVA, 2003).
Four mangrove tree species occur in this ecosystem (Rhizophora mangle Linnaeus,
Laguncularia racemosa Gaertn., Avicennia shaueriana Staf. e Leechman e Conocarpus
erectus Linnaeus.), forming a complex ecosystem. There is a predominance of muddy
sediments, rich in organic matter, which seem to be the most important source of suspended
matter in the estuary (LIRA et al., 1979). Artisanal fisheries, tourism and the collection of
crabs and mollusks are the main human activities in the estuary (SILVA, 2003; SILVA et al.,
2009).

Tamandaré Bay (8° 44' - 8° 47" S and 30° 0.5' - 35.07" W) is a shallow coastal
embayment that is protected by several parallel sandstone barriers (REBOUCAS, 1966). The
bottom of the bay is covered with coarse sand, and surrounded by a mosaic of complex reef
ecosystems (REBOUCAS, 1966; CAMARGO et al, 2007). At the three sampling stations
(Fig.1), local depth varied from 2.7 m to 8.7 m, depending on the tides (average depth: 6.3 m).
Two small creeks discharge into the bay. Tourism and artisanal fisheries are the main human
activities in this region (MOURA & PASSAVANTE, 1993; ARAUJO & COSTA, 2004.).

This coastal region is characterized by a high and irregular annual rainfall (Average:
2,788.4 mm) with higher values usually in the rainy season, from March to July
(http://www.tamandare.pe.gov.br; APAC - http://www.apac.pe.gov.br). Both study areas are
part of a large Marine Protected Area (FERREIRA & MAIDA, 2006).
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Figure 1. Map of the sampling stations at the coast of Pernambuco State, Brazil. Three stations were sampled at
Rio Formoso estuary (E1, E2, and E3) and three in Tamandaré Bay (B1, B2, and B3). Fonte: Nathalia L. Silva.
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A total of 155 plankton samples were collected. Sampling was performed at six

stations: three stations in the Rio Formoso estuary and three stations in Tamandaré Bay (Fig.

1). Samples were collected bimonthly during two years, between June 2013 and May 2015,

always during the day, during ebb tides (Formoso River) and flood tides (Tamandaré Bay)

and always within two days after new moon (i.e., always during spring tide).

Tows were performed using two conical- cylindrical plankton nets with 200-pm-mesh

(diameter: 30 cm) and 300-pum-mesh (diameter: 60 cm), this nets are meshes this minimum

limits for the resolution of ZooScan equipament, through simultaneous subsurface horizontal

tows lasting five minutes at a speed of 2 to 3 knots. A flowmeter (Hydro-Bios, Kiel) was

coupled to the mouth of the nets to estimate the filtered volume. Samples were immediately

fixed in formaldehyde (4% final concentration), according to Omori & lkeda (1984), buffered
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with sodium tetraborate (5 g L™). Transparency was estimated using a Secchi disk (CIALDI
& SECCHI, 1865). In situ measurements of salinity and temperature were obtained using a
CastAway (YSI) CTD.

Wet seston biomass

In the laboratory, samples were filtered using acrylic sieve with a mesh of 120 um and
washed with fresh water to remove the formaldehyde. Then, interstitial water was gently
removed with paper towels placed under the sieves. This procedure took 1 to 15 minutes, to
stop wetting the paper, depending on the amount of suspended material in each sample.
Finally, each sample was weighted on a precision balance (+ 0.001 g) to obtain the wet weight
(OMORI & IKEDA, 1984; JACOBI & GRANT, 1978; HARRIS, 2000). Macrodetritus such
as mangrove leaf fragments, macroalgae and plastics larger than 1 cm were removed from the
samples before weighing and weighed separately. Seston biomass was obtained using the
formula: B = WW * V!, Where B: total wet seston biomass (mg m), WW = wet weight

(mg); V: filtered volume (m?).

Image acquisition and analysis

Plankton samples were digitalized using a ZooScan (Hydroptic model ZSCANO03)
with a 2400 dpi resolution, following the protocol established by Grosjean et al. (2004;
http://www.zooscan.obs-vlifr.fr/). Each sample was diluted in fresh water in a beaker for a
given volume, according to the concentration of organisms to get a representative sample
number. Then, a fraction of 10 ml of each plankton sample was obtained. The number of
objects contained in each scanned fraction ranged from 400 to 4,000 objects with average of
2,500 scanned objects per sample.

Images were processed using the ZooProcess software (Version 7.19). The smallest
particle size recognition was set to 300 pum equivalent spherical diameter (ESD). The
ZooProcess software isolates images, known as vignettes. For each vignette, various
parameters for particle size, gray level, and shape are stored in a *.pid file, which were loaded
into Plankton Identifier (GORSKY et al. 2010). In Plankton Identifier (version 1.3.4), we built
a training set to provide an algorithm for the automatic classification of vignettes into
taxonomic categories. The Random Forest algorithm was chosen following Grosjean et al.

(2004). All vignettes were manually validated to correct for misclassification errors. Size
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parameters were converted from pixels to micrometers, according to the scanner resolution (1

pixel: 10.58 pum).

Zooplankton and particle volumes

To determine the volume (mm?®) of all zooplankton and all particles of spherical or
ellipsoid shape, we calculated the ellipsoid volume for each vignette, based on the lengths of
the major and minor axes of the equivalent ellipse (i.e., an ellipse with the same area and

similar height/width ratio as the original vignette). Ellipsoid volume was calculated as: V =
gn*az* b, where a = minor axis and b = major axis (VANDROMME et al. 2012;
STEMMANN & BOSS 2015).

The volume (mm?®) of flat particles was calculated based on the surface area (mm?) and
the thickness of each particle (GROSJEAN et al. 2004). Thickness was measured under a
stereomicroscope (Zeiss, Stemi SV6 model). We used 30 plankton samples, randomly
distributed, to take 50 particles for each of three different flat particle categories (opaque,
dark, and transparent flat particles), classified according to their shape and grey level. For
opaque and dark particles, average thickness was 781 pm, whereas for transparent flat
particles, average thickness was 319.2 um. Then, the volume of flat particles was calculated
by multiplying the area (“area_exc” in ZooProcess) of each particle with the average

thickness.

Statistical analyses

All data sets were tested for normality and homoscedasticity using Kolmogorov-
Smirnov and Levene tests. Before the tests, log x+1 - transformation was applied to improve
normality and homocedasticity. Differences between seasons (dry vs rainy), mesh sizes (200
vs 300) and sampling areas (Rio Formoso Estuary vs Tamandaré Bay) were tested using non-
parametric Mann-Whitney tests. Kruskal-Wallis ANOVA was used to test for differences
between sampling stations.

Linear regression was used to investigate the relationships between pairs of variables
(e.g. zooplankton and particle volumes). In the linear regression between total volume and
wet biomass sestonic the outliers were removed by residual analysis, with a threshold of £ 2

standard deviations. All analyses were conducted p <0.05 (ZAR, 1996).
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Results

Environmental variables

Both areas (Rio Formoso Estuary and Tamandaré Bay) showed characteristic
hydrographic conditions, with lower salinity and lower transparency of water in the estuary
(Fig. 2). Euhaline conditions were always predominant in the bay while mesohaline to
euhaline conditions were observed in the estuary.

Temperature and salinity showed clear seasonal patterns in both areas (Rio Formoso
estuary and Tamandaré Bay), with a gradual increase in both parameters through the dry
season (September to March). An abrupt drop in salinity was observed in the estuary at the
onset of the rainy season in May 2014 (Fig. 2).

In the estuary, average water temperature was 28.3°C (26.7 to 30.5°C) in the rainy
season, in the dry season the average was 28.5 °C (27.3 to 29.5°C). Average salinity was 31.7
in the rainy season (27 to 36.4) and 32.6 (27.9 to 35.9) in the dry season. Average water
transparency was 2.1 m (1.5 to 3.5 m) in the rainy season, in the dry season the average was
1.5 m (1.2 to 2 m). As the estuary waters were always brown and very turbid, Secchi depth
did not show a significant difference between both seasons and areas.

In the bay, average water temperature was 28.7°C (27 to 30.2°C) in the rainy season
and average was 28.4°C (27.5 to 29.5°C) in the dry season. Average salinity was 35.7 in the
rainy season (35 to 36.5) and 36.1 (35.5 to 36.5) in the dry season. ). The average water
transparency was 2.7 m (1 to 4.5 m) in the rainy season, in the dry season the average was 3.6
m (1.6 to 5.5 m).
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Figure 2. Time series of salinity, water temperature (°C) and transparency (Secchi depth, m). Bimonthly
samples were taken from June 2013 through May 2015 in the Rio Formoso estuary and in Tamandaré Bay,
Brazil. Fonte: Nathalia L. Silva.
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Seston biomass

Wet seston biomass showed considerable variation throughout the study period,
ranging from 0.5 to 17,949.1 mg m™ (Table 1), with significantly (p < 0.0001) higher biomass
in the estuary than in the bay. This difference was observed in both nets (200 and 300-pm
mesh size) and in both seasons (dry and rainy). Biomass was always higher in the 200-pum net
samples (p <0.01) and in the dry season (p <0.05).

The differences between seasons were not as consistent as the differences between
areas. Significant differences between dry and rainy seasons were only found in two
situations: in the estuary, considering the 300-um net (p = 0.008) and in the bay, considering
the 200-pum net (p = 0.02) (Table 1, Fig. 3).
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Table 1. Wet seston biomass (mg. m-3) by sampling area, mesh size and season (n = 155 samples). Bimonthly
samples were taken with two nets (200 pm and 300 pm mesh size) from 2013 to 2015 in the Rio Formoso
estuary and in Tamandaré Bay, Brazil.

Place Rio Formoso estuary Tamandare Bay
Mesh 200 pm 300 pm 200 pm 300 pm
Period Rainy Dry Rainy Dry Rainy Dry Rainy Dry
Parameter

Wet seston biomass (mg.m™)

Average 715.9 2,952.4 2136 585.3 52.7 106.1  18.3 35.6
Minimum  16.7 46.8 9.1 32.4 15 4.3 2.4 0.5
Maximum 2,941.9 17,949.1 1,239.6 2,469.5 139.0 413.3 46.2 216.3

Figure 3. Total seston wet biomass according to seasons (wet and dry), areas (Rio Formoso estuary [white] and
Tamandaré Bay [gray], and mesh size [200 um and 300 um]). Bimonthly samples were taken from June 2013
through May 2015 in the Rio Formoso estuary and in Tamandaré Bay, Brazil. Fonte: Nathalia L. Silva.
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Density and composition of zooplankton and particles

Twenty-six zooplankton taxa where identified. The most abundant were copepods

(Calanoida and Cyclopoida), brachyuran zoea larvae, other decapods, and appendicularians
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(Fig. 4a). Particles were classified into 15 categories. The most abundant were: opaque, dark,
and transparent particles, zooplankton exuviae and plant fibers (Fig. 4b).

Figure 4. Examples of images (vignettes) obtained with the ZooScan equipment. A) Examples of the five most
abundant zooplankton groups. I: Calanoida; Il: Cyclopoida; Ill: Brachyuran larvae (zoea); 1V: Decapoda
(others); V: Appendicularia. B) Examples of the five most abundant categories of particles. VI: opaque particles;
VII: dark particles; V1II: transparent particles; IX: zooplankton exuviae; X: plant fibers. Fonte: Nathlia L. Silva.
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Particles were very abundant in both areas, with 13% counts (Tamandaré Bay) to 69%
counts (Rio Formoso) to (overall mean: 41% counts) of the total objects detected in the
ZooScan. Zooplankton was relatively more abundant in the 300-um net whereas particles
were more abundant in the 200-um net in both areas (Fig. 5). However, no significant
differences were evident in the relative abundance (%) ratio zooplankton / particles between

areas.
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Figure 5. Relative contributions (% counts) of zooplankton and particles to the samples analyzed with the
ZooScan equipment, according to sampling area (Rio Formoso estuary and Tamandaré Bay), and mesh size (200
pm and 300 um). Fonte: Nathalia L. Silva.
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The density of zooplankton showed a high variability, ranging from 1.6 to 42,536 ind.
m™. Zooplankton was generally more abundant in the 200-um net and in the dry season.
Higher values of zooplankton density were generally observed in the estuary (Fig. 6), except
for the 200-um samples in the rainy season, when zooplankton densities were not
signifficantly different between areas (Table 2). The differences between seasons were not as
consistent as the differences between areas. Significant differences between seasons were
only found in the estuary, in both 200-um (p = 0.006) and 300-um nets (p = 0.003), with the
highest values found during the dry season. In Tamandaré Bay (Fig. 7), there was no
significant difference between seasons (Table 2).

The density of particles also showed a high variability, ranging from 4.9 to 66,052
counts m™ (Table 2). Density of particles was also higher in the 200-pm net and during dry
season. The particles showed significantly higher values in term of density (p < 0.0001) in
the estuary (Fig. 7) than in the bay.
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Figure 6. Time series of zooplankton and particle densities in the Rio Formoso estuary (Brazil), according to
sampling stations (stations E1 to E3) and mesh size (200 pm and 300 pm). Bimonthly samples were taken from
June 2013 through May 2015. Fonte: Nathalia L. Silva.
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Table 2. Density of zooplankton (ind.m™) and particles (m™) by sampling area, mesh size and season (n = 155
samples). Bimonthly samples were taken with two nets (200 pm and 300 pm mesh size) from 2013 to 2015 in
the Rio Formoso estuary and in Tamandaré Bay, Brazil.

Area Formoso River Tamandaré Bay

Mesh 200 pm 300 pm 200 pm 300 pm
Period Rainy Dry Rainy Dry Rainy pry Rainy Dry
Parameter

Zooplankton abundance (ind. m™)

Average 2,012.0 19,6095 677.0 2,350.2 1,284.4 3,863.7 1115 2345
Minimum 1.6 3038 454 1659 359 695 4.6 8.6

Maximum 15,234.0 42,536.0 3.680.1 67264 79854 15665.0 490.3 2,182.8

Particle abundance (counts m™)

Average 7.143.0 20,805.0 1,4045 43439 2904 389.3 97.2 69.0
Minimum 45.8 948.0 60.9 83.0 61.6 52.6 4.9 17.5
Maximum 20,241.0 66,052.0 6,055.6 16,156.0 722.3 15722 2737 2325
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Figure 7. Time series of zooplankton and particle densities in Tamandaré Bay (Brazil), according to sampling
stations (stations B1 to B3) and mesh size (200-um and 300-pum). Bimonthly samples were taken from June
2013 through May 2015. Fonte: Nathalia L. Silva.

x 10* B1 =200 um - B1 - 300 um
15| Rainy | Dry | Rainy] Dry Rainy[15| _Rainy Dry [Rainy | Dry | Rainy |
10t 10}
5 5

Jun Aug Sep Dec Jan Mar May Jul SepNov Jan MarMay O Jun Aug Sep Dec Jan May Jul SepNov Jan Mar May

2013 2014 2015 2013 2014 2015
oW x10t B2 - 200 ym 10" B2 - 300 um
E 15 F I 15}
0
-
c
8 10} 10}
0
N
3‘ B F 5t
g H\
8 Jun Aug Sep DecJan Mar May Jul SepNov Jan Mar May Jun Aug Sep Dec Jan Mar May Jul Sep NovJan Mar May
2013 2014 2015 2013 2014 2015
%16 B3 - 200 ym w1’ B3 - 300 ym
15} 15}
101 10F

[¢)]
(6]
T

I T S TR S TR .. VO T S T S | S VO TR,
Jun Aug Sep Dec Jan Mar May Jul SepNov Jan Mar May 0 Jun Aug Sep Dec Jan Mar May Jul SepNov Jan Mar May
2013 2014 2015 2013 2014 2015

| [ Zooplankton | N Particlesl

Particle and Zooplankton Volume

Particles also showed high values of total volume in Rio Formoso estuary in both
meshes, with 42% counts (Tamandaré Bay) to 75% counts (Rio Formoso) to (overall mean:
59% counts) of the total objects detected in the ZooScan. Zooplankton presented a higher

relative volume in the 200-um net in Tamandaré Bay (Fig. 8).
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Figure 8. Relative contributions (% volume) of zooplankton and particles to the total volume of samples
analyzed with the ZooScan equipment, according to sampling area (Rio Formoso estuary and Tamandaré Bay),
and mesh size (200-um and 300-um). Fonte: Nathalia L. Silva.
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The volume of zooplankton varied from 0.1 to 1,688.7 mm3 m™ (Table 3). Highest
values were found in the estuary, particularly in the 200-pum-mesh net samples and during the
dry seasons. Significant differences between seasons were found in the estuary, for both the
200-um (p = 0.004) and 300-pm mesh nets (p = 0.003) with higher values in the dry season
(Fig. 9). However, no significant differences were found in the ratio zooplankton: particles
between areas and seasons (Figs. 9 and 10).

The volume of particles also showed a high variability, ranging from 0.1 to 8,799.8
mm3 m™ (Table 3). Significant differences between the meshes were found in the bay, with
higher values in the 200-um (p = 0.03) in the dry season (Fig. 10).



Figure 9. Time series of zooplankton and particle volumes in the Rio Formoso estuary (Brazil), according to

sampling stations (stations E1 to E3) and mesh size (200 pm and 300 pm). Bimonthly samples were taken from
June 2013 through May 2015. Nathélia L. Silva.
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Figure 10. Time series of zooplankton and particle volumes in Tamandaré Bay (Brazil), according to sampling
stations (stations B1 to B3) and mesh size (200 pum and 300 um). Bimonthly samples were taken from June 2013

through May 2015. Fonte: Nathalia L. Silva.
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Table 3. Total volume of zooplankton (mm? m™®) and total volume of particles (mm3 m™) by sampling area,
mesh size and season (n = 155 samples). Bimonthly samples were taken with two nets (200-um and 300-pum
mesh size) from 2013 to 2015 in the Rio Formoso estuary and in Tamandaré Bay, Brazil.

Area Formoso River Tamandaré Bay

Mesh 200 pm 300 pm 200 pm 300 pm
Period Rainy Dry Rainy Dry Rainy Dry Rainy Dry
Parameter

Zooplankton volume (mms3. m-3)

Average 116.3 4646 609 2014 447 1059 164 281
Minimum 0.1 15.1 18 13.0 1.3 2.1 1.3 0.6
Maximum 1,145.8 1,688.7 3992 8796 193.0 351.4 494  248.4

Particle volume (mm3. m-3)

Average 3546 9320 5198 8535 214 18.7 188 874
Minimum 1.9 34.7 2.3 3.9 2.7 1.4 0.3 1.7
Maximum 1,583.4 2,649.7 7,6441 8799.8 1371 826  69.2 13347

Correlations between zooplankton and particle densities and volumes

The densities of zooplankton and particles in the Rio Formoso estuary were
significantly correlated with each other in both the 200- um (p = 0.002) and the 300-pum-mesh
nets (p = 0.009). In Tamandaré Bay, there was a significant correlation between zooplankton
and particle densities only in the 300-um-mesh net (p = 0.03) (Fig. 11). Zooplankton and
particle volumes were also correlated in the bay (200-pm-mesh: p = 0.02; 300-pm-mesh: p
<0.001; Fig 11). In the estuary, zooplankton and particle volumes were also correlated in the
200-um-mesh net samples (p = 0.0005).
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Figure 11. Linear correlations between log;o(total particles) and logye(total zooplankton), in units of density and
volume. Black circles: rainy season. Grey triangles: dry season. Samples were taken from 2013 to 2015 in the
Rio Formoso estuary and in Tamandaré Bay, Brazil (n = 155 samples). Outliers are marked with “()”. Fonte:
Nathélia L. Silva.
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Total volume vs seston biomass

When pooling all samples together, median and average values of total wet seston
biomass and total volume were similar in order of magnitude between methods, indicating
that results in similar scales may result from both methods (assuming that average density is
similar to that of seawater). The highly significant linear relationship between wet biomass
and total volume ( Fig. 12) further underlines the existence of a strong relationship between
data obtained with both methods.
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Figure 12. Relationship between logs(seston biomass (mg m™®)) and logy(total volume (mmé m™®)). Seston
biomass was measured as wet weight, total volume (particles + zooplankton) was obtained thorough image
analysis (ZooScan). Samples (n = 148) were taken from 2013 to 2015 in the Rio Formoso estuary and in
Tamandaré Bay, Brazil. Outliers are marked with “()”. Fonte: Ralf Schwamborn.
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Discussion

This paper presents a novel approach to study plankton communities in estuarine and
marine ecosystems, based on image analysis. Through the separation of the zooplankton from
suspended particles, it was possible to quantify the contributions of each of these ecosystem
compartments. This approach allows completely new interpretations of the composition of

seston in aquatic ecosystems.

Seasonal and spatial variability in hydrographic conditions and biomass

In coastal environments, temperature and salinity are determinant factors for most
organisms (JACOBS & GRANT, 1978; ODUM, 2004; ZARAUZ & FERNANDES, 2008).
Our results indicate that in both areas, there was a gradual increase in temperature during the

dry season, with a higher seasonal variability in salinity in the estuary. Similar results have
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been found by other authors in this region (REBOUCAS 1966, NASCIMENTO-VIEIRA et
al., 2010; SILVA et al., 2009).

Estuaries are often extremely productive habitats (FRENCH 1997, ZARAUZ &
FERNANDES, 2008), due to generally high concentrations of nutrients from marine,
terrestrial, and anthropogenic sources. Often, these waters have a turbid appearance and a
water of brownish color, suggesting that there are large amounts of suspended particles in the
water. The low transparencies of waters (1.2 - 3.5 m) observed in the Rio Formoso estuary are
consistent with those observed in other turbid estuaries, like the estuarine systems of the Santa
Cruz Channel, Brazil (FLORES-MONTES, 1996), San Francisco Bay, California (CLOERN,
1987) and Chesapeake Bay, Virginia (PARK & MARSHALL 2000). In Tamandaré Bay the
water transparency, presented larger Secchi depths (1 m during the rainy season and 5.5 m
during the dry season). The seasonal variability in transparency in the bay is due to the
nutrient-rich river plumes that seasonally affect the waters surrounding the Tamandaré Bay,
interchanged by oligotrophic regimes (MOURA & PASSAVANTE, 1993).

The high wet seston biomass observed in the Rio Formoso estuary is expected,
confirming the importance of estuaries as nurseries of marine ecosystems (SCHWAMBORN
& BONECKER, 1996; MELO JUNIOR et al., 2007, SCHWAMBORN et al., 2008). The
values of wet sestonic biomass presented on Tamandaré Bay also were considered common,
reflecting the proximity of the reef system and the adjacent estuary (NASCIMENTO-VIEIRA
et al., 2010). Similar results also were described by other author in the others tropical
ecosystems (MELO et al., 2002; SILVA et al., 2003; SILVA et al., 2004; MELO JUNIOR et
al., 2007).

Zooplankton density and seasonal variation

Zooplankton density showed a marked seasonal variation, with the highest values
observed during the dry season. Our results agree with Nascimento-Vieira et al. (2010) who
also studied the sestonic biomass and density of zooplankton in Tamandaré Bay suggesting
the existence of a favorable period for the mesozooplankton in these reefs ecosystems,
between November to February (dry season), when the temperature is relatively higher and
the influence of continental drainage is smaller. This author also mentioned the values highest
in the impacts due to tourism and a higher influx of organic pollution during dry season.
However this behavior is not very common, for example, Pereira et al. (2005) observed the



53

highest abundance of zooplankton during the rainy season at the northern Coast of Olinda
(Pernambuco, Brazil). Costa et al. (2008) studying the tropical estuary of Taperagu
(Northern Brazil) also registered the highest zooplankton abundance during the rainy season
with a 120 um net mesh and a relationship the distribution of zooplankton with the season

variability of temperature and salinity.

Net selectivity

This study used nets with meshes of 200 and 300 micrometers. In tropical
environments, zooplankton size is relatively small when compared to temperate and boreal
regions. Therefore, the use of smaller mesh opening enabled the accumulation of zooplankton
and particles of equal or largest size also easily capture larger phytoplankton and aggregate
particles (NAKAJIMA et al., 2010). This observations also confirm the ecological importance
of the smaller to higher trophic levels (PITOIS & FOX, 2006).

Zooplankton volume

Zooplankton volume also showed a clear seasonal variation with higher values during
the dry season,following the patterns of biomass and density. This variability was also
observed by Matsuno et al. (2012), who quantified the biomass size spectra of zooplankton
through volume estimates in the Chukchi Sea during the dry season, these data relating to
interannual changes of sea ice extension that enables a water rich in nutrients. When
quantified the biovolume zooplankton based on ESD (equivalent spherical diameter), on
Okhotsk Sea (Japan), Sato et al. (2015) noted that the lower production values were

distributed among the groups that dominated the small size class.

Zooplankton and particles: comparison of methods

Image analysis allowed the discrimination between zooplankton and particles showing
the greater contribution of particles in relation to zooplankton density (individuals/particles m’
%) in the estuary. These results are consistent with those found in a recent study based on
acoustic and optical in situ methods (CHECKLEY et al., 2008) off the Californian Coast,
where particle aggregates were also more abundant than zooplankton greater than 100 um, for
near shore areas. On the other hand, zooplankton was dominant in the areas of California with

greater oceanic influence.
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Schultes & Lopes (2009) quantified the particle volume (zooplankton + particles) with
the Laser Optical Particle Counter (LOPC) and the zooplankton biomass with the ZooScan
and correlated the estimates provided by these methodologies in the Brazilian Continental
Shelf, finding significant correlation between sestonic particles (LOPC) and zooplankton
(ZooScan). These correlations were significant even considering disparities in the optimal size
sampling range of these devices. The LOPC detects seston as small as 100 um (HERMAN et
al., 2004), whereas 200-um-mesh plankton nets samples efficiently organisms between 450 to
1400 um (HOPCROFT et al., 2001). Ohman et al. (2012), who used a Moving Vessel Profiler
(MVP) and an Underwater Vision Profiler 5 (UVP5) in association with quantitative bongo
samples analyzed with a ZooScan, also found an increase in organic particles related to the
high density of mesozooplankton in California Current System. On the other hand, Marcolin
et al. (2013) found higher particle concentration in coastal areas when compared to oceanic
stations, and that particle volume declines in contrast with increases in mesozooplankton
biomass, suggesting a latitudinal gradient in the proportional distribution of living and non-
living particles, with a higher detrital input over the Abrolhos Bank than on the southern
Brazilian shelf. These authors used both LOPC and ZooScan to estimate the size distribution
of seston and zooplankton, respectively. We also found more particles in the estuarine areas in
relation to areas that had more influence of oceanic waters and we also found spatial
contrasting results in the zooplankton: particle relationship.

Dynamics of zooplankton and particles

The study indicates the use of seston biomass may not be appropriate even for an
approximation of zooplankton biomass, since particles make up a significant portion of the
seston (on average, 64% vol. in the estuary and 44% vol. in the bay), This may leading to an
overestimation of the biomass of zooplankton, especially in in coastal and estuarine areas and
to misinterpretations of spatio-temporal patterns. Similarly, in a recent study in Malaysian
coastal coral reefs (in an area that is comparable to Tamandaré Bay), Nakajima et al. (2010)
using mesh size 100-um worked in the coral reef at Tioman Island, Malaysia and found an
average contribution of particles of 42 % to the seston, based on the difference between total
seston and total zooplankton (particles were not actually or measured).

Our results showed that, with increasing temperature, during the dry period, the
density and volume of the particles also increased. Besides we take into account the
contribution of organic particles, which through its decomposition and subsequent
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remineralization participates in the nutrient dynamics in the two areas studied, as they are
influenced from adjacent ecosystems (mangroves and coral reefs), the inorganic particles also
deserve attention. Studies conducted by Aradjo and Costa (2004) in Tamandaré Bay, found
high inorganic particle values, probably because this area is very crowded in summer periods
reported that the particles collected on the beach were from various types of plastics and that
these particles were qualitatively compared to those collected in the coastal reefs. Plastics
have several characteristics that allow them to be one of the targets of ongoing monitoring
worldwide, such as their increasing production, difficult degradation, easy dispersion, and
because it is widely spread. Also in Tamandaré Bay, Nascimento-Vieira (2000) assigns the
low diversity during dry season of zooplankton to the impacts due to tourism, mangrove
destruction and a higher influx of organic pollution. The input of domestic sewage during the
dry seasons (peak vacation season) is several times higher than during the rainy season, which
may in part explain the higher densities of organisms and particles. This may be a relevant
factor in densely populated coastal and estuarine areas and coral reefs under immense

anthropogenic pressure (Santos et al. 2015).

Conclusion

The comparison between automatic measurements of plankton scanned images with
the indirect estimates of wet seston biomass revealed linear relationships and that despite the
estimative of biomass of zooplankton by wet weight is not the most appropriate method,
therefore quantifies zooplankton and particles, provides a viable estimate, however, unclear in
the study of plankton. In conclusion, this study shows the importance of the particles in the
structure of the biomass of the zooplankton community. Our data are consistent with the

hypothesis that the particles influence the structure of ecosystems.

Acknowledgements

The authors thank the funding agency FACEPE for the fellowship granted to the first
author. Fieldwork was funded by CNPq (grant no. 471038/2012-1) and by INCT AmbTropic
(CNPg/CAPES/FAPESB). Many thanks to all the people who participated in the fieldwork
and to Marc Picheral (LOV, France) for assistance with the ZooScan and the ZooProcess



56

software. Many thanks also to all those who commented on earlier versions of this

manuscript.

References

ALCARAZ, M., SAIZ, E., CALBET, A, TREPAT, I., & BROGLIO, E. (2003). Estimating
zooplankton biomass through image analysis. Marine Biology, 143(2), 307-315.

ARAUJO, H. M. P., NASCIMENTO-VIEIRA, D. A., NEUMANN-LEITAO, S,
SCHWAMBORN, R., LUCAS, A.P. O., & ALVES, J. P. H. (2008). Zooplankton community
dynamics in relation to the seasonal cycle and nutrient inputs in an urban tropical estuary in
Brazil. Brazilian Journal of Biology, 68(4), 751-762.

ARAUJO, M. C. B. & COSTA M. F. (2004). Andlise quali-quantitativa do lixo deixado na
baia de Tamandaré - PE - Brasil, por excursionistas. Gerenciamento costeiro integrado.
Pernambuco — Brasil.

BLANCHOT, J.,, CHARPY, L. & BORGNE, R. (1989). Size composition of particulate
organic matter in the lagoon of Tikehau atoll (Tuamotu archipelago). Mar Biol 102: 329-339

CAMARGO, J. M. R, ARAUJO, T. C. M., MAIDA, M. & USHIZIMA, T. M,
(2007). Morfologia da plataforma continental interna adjacente ao municipio de Tamandaré,
Sul de Pernambuco- Brasil. Revista Brasileira de Geofisica vol.25, pp. 79-89.

CIALDI, M. & SECCHI, P. A. (1865). Sur la Transparence de la Mer. Comptes Rendu de
I'Acadamie des Sciences. 61: 100-104.

COE, JM. & ROGERS, D.B. 2000. Marine Debris: sources, impacts and solutions. -
Springer-Verlag, New York, USA.

COSTA, K. G, PEREIRA, L. C. C. & COSTA, R. M. (2008). Shot and long-term
temporalvariation of the zooplankton in a tropical estuary (Amazon region, Brazil). Boletim
do Museu Paraense Emilio Goeldi Ciéncias Naturais 3(2): 127-141.

CHECKLEY, D. M., DAVIS, R. E., HERMAN, A. W., JACKSON, G. A., BEANLANDS,
B., & REGIER, L. A. (2008). Assessing plankton and other particles in situ with the
SOLOPC. Limnology and Oceanography, 53(5), 2123.

CLOERN, J. E. (1987). Turbidity as a control on phytoplankton biomass and productivity in
estuaries. - Continental Shelf Research 7(11/12): 1367-1381.

CRIPPS, G., FLYNN, K. J., & LINDEQUE, P. K. (2016). Ocean Acidification Affects the
Phyto-Zoo Plankton Trophic Transfer Efficiency. PloS one, 11(4), e0151739.

DAVIS, C. S., GALLAGER, S. M., BERMAN, M. S., HAURY, L. R., & STRICKLER, J. R.
(1992). The video plankton recorder (VPR): design and initial results. Arch. Hydrobiol.
Beih, 36, 67-81.

ELLIOTT, D. T., & KAUFMANN, R. S. (2007). Spatial and temporal variability of
mesozooplankton and tintinnid ciliates in a seasonally hypersaline estuary. Estuaries and
coasts, 30(3), 418-430.



57

EMBRAPA. Boletim climatologico da regido  nordeste.  Disponivel em:
http://www.agencia.cnptia.embrapa.br.

FERREIRA, B. P. & MAIDA, M. Monitoramento dos Recifes de Coral do Brasil:
Situagdo Atual e Perspectivas. Brasilia: MMA, v.1, 120 pp., 2006.

FLORES-MONTES, M. J. Variacao nictemeral do fitoplancton e parametros hidroldgicos non
Canal de Santa Cruz, Itamaracd, PE. Recife, 197f. Dissertacdo de Mestrado, Universidade
Federal de Pernambuco.

FRENCH, P. W. 1997. Coastal and estuarine management. - Routledge environmental
management series.

GLADSTONE-GALLAGHER, R. V., LOHRER, A. M., LUNDQUIST, C. J., & PILDITCH,
C. A. (2016). Effects of Detrital Subsidies on Soft-Sediment Ecosystem Function Are
Transient and Source-Dependent. PloS one, 11(5), e0154790.

GORSKY, G., OHMAN, M. D., PICHERAL, M., GASPARINI, S., STEMMANN, L.,
ROMAGNAN, J. B. & PREJGER, F. (2010). Digital zooplankton image analysis using the
ZooScan integrated system. Journal of Plankton Research, 32(3), 285-303.

GROSJEAN, P., PICHERAL, M., WAREMBOURG, C., & GORSKY, G. (2004).
Enumeration, measurement, and identification of net zooplankton samples using the
ZOOSCAN digital imaging system. ICES Journal of Marine Science, 61(4), 518-525.

HARRIS, R., WIEBE, P., LENZ, J., SKIOLDAL, H. R., & HUNTLEY, M. (Eds.).
(2000).1CES zooplankton methodology manual. Academic Press.

HERMAN, A. W., BEANLANDS, B., & PHILLIPS, E. F. (2004). The next generation of
optical plankton counter: the laser-OPC. Journal of Plankton Research, 26(10), 1135-1145.

HOPCROFT, R.R., ROFF, J.C., CHAVEZ, F.P. (2001). Size paradigms in copepod
communties: a re-examination. Hydrobiologia 453/454: 133-141.

JACOBS, F., & GRANT, G. C. (1978). Guidelines for zooplankton sampling in
quantitative baseline and monitoring programs (No. 83). for sale by the National
Information Service.

LEHETTE, P., & HERNANDEZ-LEON, S. (2009). Zooplankton biomass estimation from
digitized images: a comparison between subtropical and Antarctic organisms. Limnology
Oceanography: Methods. 7, 304-308

LI, X., CUI, B., YANG, Q., TIAN, H., LAN, Y., WANG, T., & HAN, Z. (2012). Detritus
quality controls macrophyte decomposition under different nutrient concentrations in a
eutrophic shallow lake, North China. PloS one, 7(7), e42042.

LIRA, L.; ZAPATA, M. C. & FONSECA, V. G.. Aspectos da dinamica do estuario do Rio
Formoso, Pernambuco. Caderno Omega, Universidade Federal Rural de Pernambuco,
Recife, v. 3, n. 1/2, p. 133-156, 1979.

MARCOLIN, C. R., SCHULTES, S., JACKSON, G. A,, & LOPES, R. M. (2013). Plankton
and seston size spectra estimated by the LOPC and ZooScan in the Abrolhos Bank ecosystem
(SE Atlantic). Continental Shelf Research, 70, 74-87.



58

MATSUNO, K., YAMAGUCHI, A. & IMAI, I. (2012). Biomass size spectra of
mesozooplankton in the Chukchi Sea during the summers of 1991/1992 and 2007/2008: an
analysis using optical plankton counter data. - ICES Journal of Marine Science 69(7):
1205-1217.

MELO JUNIOR, M. D., PARANAGUA, M. N., SCHWAMBORN, R., LEITAO, S. N., &
EKAU, W. (2007). Fluxes of zooplankton biomass between a tidal estuary and the sea in
Northeastern Brazil. Brazilian Journal of Oceanography, 55(4), 239-249.

MELO,~N. F. A. C., NEUMANN-LEITAO, S., SILVA, T. A., SCHWAMBORN, R. &
GUSMAO, L. M. 0. (2002). Zooplanktonfrom the Maracajau reefs, Northeastern Brazil.
Tropical Oceanography, Recife:v.30, n. 2, p. 133-145.

MOURA, R. T. & PASSAVANTE, J. Z. O. (1993). Taxa de Assimilacdo do Fitoplancton da
baia de Tamandaré — Rio Formoso — PE. Brasil. - Boletim Técnico Cientifico CEPENE, Rio
Formoso, 1 (11): 7-23.

NAKAJIMA, R., YOSHIDA, T., OTHMAN, B. H. R, & TODA, T. (2010). High
detritus/phytoplankton content in net-plankton samples from coral reef water: source of over-
estimation in zooplankton biomass by measuring seston weight. Plankton and Benthos
Research, 5(2), 69-73.

NASCIMENTO-VIEIRA, D. A., VIEIRA, H. L. F., & LIMA, T. V. C. (1985). Zooplancton
da regido costeira do Estado de Pernambuco. Trabalhos Oceanograficos Universidade
Federal de Pernambuco, 55-72.

NASCIMENTO-VIEIRA, D. A. 2000. Macrozooplancton recifal da baia de Tamandaré,
Pernambuco - Brasil. Tese (Doutorado). Universidade Federal de Pernambuco,
Departamento de. Oceanografia, Recife. 107 p.

NASCIMENTO-VIEIRA, D. A, FIGUEIREDO, F., PORTO NETO, F. (2010)
Mesozoopléancton de &rea recifal do Atlantico Sudoeste tropical. Tropical Oceanography,
Recife, v. 38, n. 1, p. 47-59.

ODUM, E. P. (2004). Fundamentos de Ecologia. 6 edi¢cdo. Fundacéo Calouste Gulbenkian.

OHMAN, M. D., POWELL, J. R., PICHERAL, M., & JENSEN, D. W. (2012).
Mesozooplankton and particulate matter responses to a deep-water frontal system in the
southern California Current System. Journal of plankton research, fbs028.

OMORI, M. & IKEDA, T. (1984). Methods in marine zooplankton ecology. John Willey;
Sons, New York, p. 332.

PALUMBO, A. V. FERGUSON, R. & RUBLEE, P. A. (1984). Size of Suspended Bacterial
Cells and Association of Heterotrophic Activity with Size Fractions of Particles in Estuarine
and Coastal Waters. Applied and environmental microbiology, p. 157-164

PARK, G. S., & MARSHALL, H. G. (2000). Estuarine relationships between zooplankton
community structure and trophic gradients. Journal of Plankton Research, 22(1), 121-136.

PEREIRA, L. C. C., JIMENEZ, J. A, KOENING, M. L., PORTO NETO, F. F,
MEDEIROS, C. & COSTA, R. M. (2005). Effect of coastline properties and wastewater on
plankton composition and distribution in a stressed environment on the north coast of Olinda -
PE (Brazil). - Brazilian Archives of Biology and Technology 48(6): 1013-1026.



59

PARSONS, T. R., MAITA, Y., & LAI, C. I, I. (1984). A manual of chemical and biological
methods for seawater analysis. Pergamon Press, Ox ford, UK, 1, 73.

PINTO-COELHO, R. M., & BEZERRA-NETO, J. F. (2005). Effects of eutrophication on
size and biomass of crustacean zooplankton in a tropical reservoir. Brazilian Journal of
Biology, 65(2), 325-338.

PITOIS, S. G. & FOX, C. J. 2006. Long-term changes in zooplankton biomass concentration
and mean size over the Northwest European shelf inferred from Continuous Plankton
Recorder data. - ICES Journal of Marine Science, 63: 785-798.

REBOUCAS, A. C. (1966). Sedimentos da baia de Tamandaré, Pernambuco. Trabalhos
Oceanograficos da Universidade Federal de Pernambuco, 7(9): 187-206.

SANTOS, G. S., BURGOS, D. C, LIRA, S. M. A. & SCHWAMBORN, R. (2015). The
Impact of Trampling on Reef Macrobenthos in Northeastern Brazil: How Effective are
Current Conservation Strategies? Environmental Management. DOI 10.1007/s00267-015-
0552-7.

SATO, K., MATSUNO, K., ARIMA, D., ABE, Y. & YAMAGUCHI, A. (2015). Spatial and
temporal changes in zooplankton abundance, biovolume, and size spectra in the neighboring
waters of Japan: analyses using an optical plankton counter. - Zoological Studies 54(1): 1-15.

SCHULTES, S. & LOPES, R. M. 2009. Laser Optical Plankton Counter and Zooscan
intercomparison in tropical and subtropical marine ecosystems - Limnology and
Oceanography. - Methods.

SCHUMANN, R., & RENTSCH, D. (1998). Staining particulate organic matter with DTAF-a
fluorescence dye for carbohydrates and protein: a new approach and application of a 2D
image analysis system. Marine Ecology Progress Series.

SCHWAMBORN, R. & BONECKER, A. C. T. (1996). Seasonal changes in the transport and
distribution of meroplankton into a Brazilian estuary with emphasis on the importance of
floating mangrove leaves. - Arquivos de Biologia e Tecnologia 39(2): 451-462.
SCHWAMBORN, R., EKAU, W., VOSS, M. & SAINT-PAUL, U. (2002). How important
are mangroves as a carbon source for decapod crustacean larvae in a tropical estuary? -
Marine Ecology Progress Series 229: 195-205.

SCHWAMBORN, R., EKAU, W., SILVA, A.P., SCHWAMBORN, S.H.L., SILVA, T.A,,
NEUMANN-LEITAO, S. & SAINT-PAUL, U. (2006). Ingestion of large centric diatoms,
mangrove detritus, and zooplankton by zoeae ofAratus pisonii (Crustacea: Brachyura:
Grapsidae). - Hydrobiologia 560: 1-13.

SCHWAMBORN, R., MELO JUNIOR, M., NEUMANN-LEITAO, S. & PARANAGUA, W.
E. M. N. (2008). Dynamic patterns of zooplankton transport and migration in Catuama Inlet
(Pernambuco, Brazil), with emphasis on the decapod crustacean larvae. Latin American
Journal of Aquatic Research, 36, 1.

SILVA, A. P., NEUMANN-LEITAO, S., SCHWAMBORN, R., GUSMAO, L. M. O,
SILVA,T. A. (2004). Mesozooplankton of a impacted bay in North Eastern Brazil. Brazilian
Archives of Biology and Technology 47(3): 485-493.



60

SILVA, M. H. D., SILVA-CUNHA, M. D. G. G., PASSAVANTE, J. Z. D. O., GREGO, C.
K.D. S., & MUNIZ, K. (2009). Estrutura sazonal e espacial do microfitoplancton no estuério
tropical do rio Formoso, PE, Brasil. Acta botanica, 23(2), 355-368.

SILVA,T. A. (2003). Zooplancton demersal na Area de Protecdo Ambiental de Tamandaré
(APA dos corais) Pernambuco (Brasil). 89 folhas. Tese (doutorado) - Universidade
Federal de Pernambuco. CTG.Oceanografia.

STEMMANN, L. & BOSS, E. (2012). Plankton and Particle Size and Packaging: From
determining Optical Properties to Driving the Biological Pump. Annual Review of Marine
Science 4: 263-290.

VANDROMME, P., STEMMANN, L., GARCIA-COMAS, C., BERLINE, L., SUN, X., &
GORSKY, G. (2012). Assessing biases in computing size spectra of automatically classified
zooplankton from imaging systems: a case study with the ZooScan integrated
system. Methods in Oceanography, 1, 3-21.

VEGA-PEREZ, L. A. (1993). Estudo do zooplancton da regido de Ubatuba, Estado de S&o
Paulo. Publicacéo Especial do Instituto Oceanografico, 10, 65-84.

ZAR, J.H. Biostatistical analysis. (1996). 3% edigdo. Prentice Hall International Editions.
662p.

ZARAUZ, L. & FERNANDES, X. I. J. (2008). Modelling the influence of abiotic and biotic
factors on plankton distribution in the Bay of Biscay, during three consecutive years (2004 —
06). Journal of Plankton Research 30(8): 857-872.

ZIADI, B., DHIB, A., TURKI, S. & ALEYA, L. (2015). Factors driving the seasonal
distribution of zooplankton in a eutrophicated Mediterranean Lagoon. - Marine Pollution
Bulletin 97(1): 224-233.



61

Conclusoes gerais

- Este estudo foi o primeiro a quantificar as contribuicbes do mesozooplancton e das
mesoparticulas em aguas costeiras tropicais através de analises de imagem nas amostras de

plancton obtidas com rede.

- Os dados séo consistentes com a hipdtese de que as particulas influenciam a estrutura dos

ecossistemas.

- Apesar de serem evidenciadas elevadas contribuicdes de particulas em termos de densidade
e volume ao longo dos dois anos de estudo, estas contribui¢cdes foram sempre mais acentuadas

durante a estacéo seca.

- Ete estudo demonstra a importancia das particulas na estrutura da biomassa da comunidade

zooplancton.

- A comparacdo entre os metodos direto e indireto para a estimativa da biomassa do
zooplancton, revelou relacGes lineares e que, apesar da estimativa da biomassa do
zooplancton através do método direto ndo ser o metodo mais adequado, fornece uma
estimativa viavel no estudo de plancton, no entanto, para ambientes costeiros, principalmente
0s que recebem grande aporte continental, a discrepancia entre a real contribuicdo do
zooplancton € superestimada. Pois, nos calculos de biomassa sestonica imida, a contribuicéo

das mesoparticulas é extremamente significativa.
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ANEXO |. Categorias dos organismos que compuseram a base de treinamento do Plankton Identifier. 1)
Calanoida; 2) Temoridae; 3) Oncaea; 4) Cyclopoida; 5) Coryceidae; 6) Harpacticoida; 7) zoea de Brachyura; 8)
megalopa de Brachyura; 9) Porcellanidae; 10) outros Decapoda; 11) Lucifer sp.; 12) Euphausiacea; 13)
Appendicularia; 14) Chaetognatha; 15) Bivalvia; 16) Bryozoa; 17) Gastropoda; 18) Amphipoda; 19) Nauplio de
Cirripedia; 20) Polychaeta; 21) Hidrozoario; 22) ovo de Teleostei; 23) Antozoario; 24) Hippolytidae; 25)
Trepidado; 26) fora de foco.
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Anexo Il. Categorias das particulas que compuseram a base de treinamento do Plankton Identifier. 1) grdo de
areia; 2) fibra de origem diversa; 3) fibra vegetal; 4) graveto; 5) detrito transparente rolico/esférico; 6) detrito
transparente plano; 7) detrito opaco; 8) detrito opaco achatado; 9) detrito escuro; 10) detrito escuro achatado; 11)

fragmento de macroalga; 12) exdvia.

Anexo |l
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Anexo Il1. Categorias de artefatos de escaneio que compuseram a base de treinamento do Plankton Identifier. 1)
manchas opacas no vidro de escaneamento do ZooScan; 2) bolha de ar; 3a) Mdltiplos: diversas particulas e
organismos se tocando; 3b) Mdltiplos: diversas particulas de tocando; 3c) Multiplos: organismos se tocando.

Anexo lll
Artefatos de escaneio
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Manual préatico dos procedimentos com o0 ZooScan

O ZooScan

Procedimentos para escanear
a amostra de plincton e
extrair dados de software
especializado

Por Catarina Marcolin
Gleice Santos
Nathalia Lins

Simone Lira
Thatuba-SP
Agosto de 2019

E O ZooScan

‘scanear aliquotas de amostras de plancton preservadas
‘ooScan + ZooProcess + Plankton Identifier
o Identificacdo semiautomatica de organismos > 200 um

*Fornece dados de forma rapida

o Distribuigdo de abundéncia e tamanhos para diferentes grupos
taxondmicos.
o Resolugdo taxondmica é variavel, mas precisa.
A

O ZooScan

Triagem digital e obtenctio do tamanha/biemassa

ZOOSCAN

=

«— Software: Zooprocess

L N

~ :
3 o > ‘ . Tamanho e
’ area

Iniciando o trabalho no Zooscan:
i SOFTWARES NECESSARIOS

(( = Java Oracle
:_5:3 = Tanagra @
Jmaords L 700Process
Plankton
u Image ] Identifier
~=— = Plankton Identifier (PKID) o

i = Yuescan @

” Wiescan
Image 1

Iniciando o trabalho no
i Zooscan: Abrir o Imagel




19 Passo: Criando um

23710731

novo projeto

4 ZOOPROCESS. version 116

ZOOPROCESS

age. 1410

R O e e = Selecionar a
s
rEETETT

Piease refer to ZooProcess and ImageJ f used for Publication

e —— A em ok.
VUESCAN version : 8.4 57
SELECTPROJECT G iZosscan ot =]

CiZooscan_g1
————————CW2ooscan g1

CZooscan_proj_araca

CnZposcan teste fabiano

opgao “create new
project” e clicar

19 Passo: Criando um novo projeto

TV =
Fie Edt Image Process Analyze Plugins Window Help
Baoclol=l4l+s|Alalalz] (2]2|alxmlz]s|>|

CRlE

V4 PROJECT MANAGER version 716

NEW project

ZOOSCAN model : Biotom

« Inserir nome do
projeto a ser
criado e clicar
‘\okll

VUESCAN version : 8.4.57

To IMPORT EXISTING PROJECT:
selectits drive and enter its name (without "Zooscan_") |

Select drive (Do not select CD drive) |
C\

Enter project name
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19 Passo: Criando um novo projeto

4 PROJCTMANAGER  version7.16

=

Project: manual_ulpe

ZOOSCAN model : Blotom

VUESCAN version : 8.4.57

fOrLARGE frame at 2400 dpi = l

~WARNING : New PID files (containing new measurements) are not compatible in Plankton Identifier with the previous ones |
- Process again pravious fles if necessary after copying "optionfile bt" Inta the config folder of the previous project

¥ Process also new measurements (added in version 5.03) ?

Cancel

» Escolha o frame e dpi

19 Passo: Criando um novo projeto
configuragoes do frame

{ Scanning area for plankion imaging

==

Zooscan version - Biotom

VUESCAN version 8 457
* Preencher com os

valores especificos do
seu ZooScan (Esta
informacgao fica no Pen
Drive que acompanha o
ZooScan).

Detault valuss are read from the Zooprocess installation etings.
Change them according to calibration sheet f necessary

or
Changs them according 10 he needs of your praject

Configuracdes do frame

1052
20921
28676,

xsize
YSize

(@

29 Passo:

Fle Edt Image Process Analyze Plugins Window Help
B alalol=|«l+IN|Alalols] |o]sal~nz]s|>]

1 ZOOPROCESS.

version 716 201310731

Project: manual_upe

VUESCAN version 8457

SELECTPROCESS il Sampis metaans B
FilinSampie et

SCAN (CONVERT) Background Image
'SCAN Sample with Zooscan (for archive, n0 process)
CONVERT & PROCESS Images and organisms in batch mode
CHECK process.

USER MODE

SEPARATION trom BMW msk image

EXTRACT vignettes in foiders according fo PREDICTION or VALIDATION
LOA r

[EDIT and MODIFY metadata

STATS and GRAPHS.
Manual measurements on selec

3 vigneses
Manual measurements on all vignettes

VIEW Image with outines.

VIEW vignettes

Configuragées do modo avancado

39 Passo: Cadastrar as amostras a serem

trabalhadas no projeto que acabou de ser criado

£ ZOOPROCESS version 7.16

=

Project: manual_ufpe

VUESCAN version : 8.4.57

SELECTPROCESS [HII

Sample metadata -

Press Cancel and Start again Zaoprocess to GREATE or GHANGE project

ADVANCED MODE




39 Passo: Nomear a amostra do projeto

I

version = 7.13

¢ METADATA

Project : manual_ufpe

ENTER Sample ID, (no extension or space character allowed)

lsampleld|

Cancel

* Nomeie sua amostra

£ METADSTA  version: 715 Piese ENTER or CHECK the informtions =}

SAPLE D manual it
METABATA iom sampis “sampleia” sisplaysd beiow.

.|

| e e
)
sutona

e

‘Scientic peogram
‘Station 4 (Hal¥ i uninown)
‘Sampling dae (VMDD HHUIL)
(CONVENTION alLOV => Labude - (-12 04358 for 12°06.388 5) Langilude (-135.0532% lor 136°05.325 £)

[ ]

Hahl

Lot (DO IS o M, DOl for Scuh)
Leehuse (DCO M bt West -0O0 M e 1)
[
ot

eharmet

Eotom Oepth m)

GO refersnce fienama)

[E—

Moo of tow n s sam samgse o
[

e
[
[
[
nan
[

Towbpe (Oslique = 1, Horzontal = 2, Vedbial =)
Hettype (WP2, 8, Omort_)

Mt masn (cod end) pm

et opening sutace (m2)

Mt Dep® (m) - max

Miiaaen Degth (): Ziin
Finerscivotsme (m3)

Aoa $amole comenset
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39 Passo: Inserir dados da planilha de campo

ATENGRON

= NUNCA cancele esta
tela de metadados. Se
preencheu algo errado,
vocé tera como corrigir
posteriormente em:
Image J - Editare
modificar metadados.

49 Passo: Fazendo o background

QUIT VUESCAN before proceeding

£ SCANPROCEDURE

4 SCAN BACKGROUND CONFIG MENU

Project : manual_ufpe
ZOOSCAN Instatied model s - Biotom

VUESCAN installed version s : 8.4 57

Numberotiames inbacrgrona 8« N0 altere

Co)emen
==

40 Passo: Fazendo o background

< SCANNING PROCEDURE version 7.06

Operation performed = background

16 bits RAW image SAVED

Process 8 bits image using MANUAL color balance

¥ Save 16 bits RAW image ?

INFORMATION in vuescan_zooscan_2400dpi_frame2_large.ini

Actual seftings = Process 8 bits image using MANUAL color balance

(==

Cancel

£ PROCEDURE for the large frame

(1) ‘Swilch Zooscan GN (i not done yet)

2) Clean Zooscan Cell + Leia e siga as

recomendagies
do check list

) Fill the call with fresh water (0.6 to 1 cm thick)

reference)

4) Place frame in

5) Clean transparent frame top side (OD zone)

6) Launch VUESCAN

7) Startlighttempo (press green bulion on cover

8) Click on PREVIEW bution in VUESCAN

9) Check your image (No while stip, no dust on the OD ref)

10) Click 2 times on SCAN (2 times for 2 scans 1) bution in VUESCAN

DO NOT CHANGE ANY SETTING (window size) in VUESCAN |

+ Muitn importante
esperar no minimo
30 sequndos.

/’;

IMPORTANT NOTE : WAIT moré than 30 seconds bestween scans of ater PREVIEW |

cancel

PRESS OK just after pressing SCAN (first ime) in VUESCAN |

2 Vorkcan§ 60 3430
Fie e S Pl

op [ | color pam] [ Prevew 20

Color bala

Neatral rect[ 1

Input put

Manwal

Neutral e 1 0 e
Neutral blue: 1
Black point (%[0 3
White peint (%[0
Cunelow[523
Curve high[075
Brightness 09
Brightness redt 1

Brightness groen: 1

5 o &
L “
Ot LT et 30 s 5

Vuescan

Selecionar a
opc¢ao “manual”
na aba color =

Preview

B9 Passo: Abrir
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4 or rame = g F o r N
—— Verificar se a media dos niveis de
1 o zemomou s tons de cinza... ver manual
2) Clean Zooscan Cell
e e s * flicarem OK e e =
T em sequida Mean median = 21996 5
T’eh”n" ) ” fecharo Background : 0 Median grey level :10‘65———
) Statlighttempo (press oreen button on cover :
Back d: 1 Med I |:]21p42.05—1—
8) Click on PREVIEW button in VUESCAN Vuescan acHaroun codnigreyieve
9) Check your image (Mo white strip, no dust on the OD refy
10) Click 2 times on SCAN (2 times for 2 scans 1) button in VUESCAN
DO NOT CHANGE ANY SETTING (window size) in VUESCAN | .
= Cada aparelho de ZooScan possui um valor aceitavel para os valores
IMPORTANT NOTE : WAIT more than 30 seconds beetween scans of after PREVIEW ! medlos dos nivers de cinza, caso ° pnmlro e segundo tﬁ‘:kground
estejam discrepantes entre si, ou seja, a casa da milhar excedendo 2
milhSes, repita todo o processo do background. Em seguida, clique em
PRESS OK just after pressing SCAN (first time) in VUESCAN | oK.

» Finalizado o Preview, clicar em Scan ¢ Apds 30 segundos, clicar novamente em Scan

=]

"E : — = =S .‘.:::E = — = =

6° Passo: Inicio do escaneamento

6° Passo: Inicio do
da amostra

escaneamento da amostra

1 ¢ 2o0pROCESS version 716 2013710531 =

Project | manual_ufpe

¢ SCAN PROCEDURE s wescaivision 8457

SELECT PROCESS | Fill in Sample metadata B
Fillin Sample metadata =

12 QUIT VUESCAN before proceeding —_—

. N CONVERT & PROCESS Images and organisms in batch mode
833 Gancel and SticyiECK process by viewing segmented images

e SEPARATION from B mskimage
Cancel SEPARATION using vigneties
L. . ADVANCEDMODE  EDIT and MCDIFY metadata

SCAN (CONVERT) and PROCESS Sample with Zooscan

-

CONVERT RAW image 1o 8 bit calibrated image
PROCESS (Converted) Image (process one)
PROCESS AGAIN all Background images

ancel




Antes de escanear: Preparacdo da amostra

= Remover o formol da amostra

« Utilizar agua destilada ou filtrada
m_temperatura amabiente

= Subamostrar ¢ escanear

ud

Frame — Obter um ntimero de

-
Separagdo manual

L’

organismos representativo para
a sua amostra

.

* Cuidados

= Deixar reservada a agua (ao menos 24 horas de
antecedéncia) para que esta esteja em temperatura
ambiente e assim, evitar a formagdo de bolhas na célula

de escaneamento do ZooScan;

= Ndo separar os organismos com objetos metdlicos para
ndo arranhar o vidro. Sugestdo: Use espinho de cacto ou

pincel.

= Separe o maximo de organismos possiveis para evitar o
contato entre eles. No entanto, ndo perca mais que 15

minutos nesta etapa;

= Ao retirar a amostra, NAO solte a tampa do equipamento.
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ontinuando o escaneamento...

£ SCAN PROCEDURE

wversion = 7.13

. Selecionar Project . manual_ufpe
amostra que
foi nomeada SELECT SAMPLE to be scanned =
Cancel

i Escolher fracao de diluicao

& SCAN PROCEDURE version = 713

Project : manual_ufpe

Scannad fraction for manual_ufpe -

ENTER Fraction Id (d1, d2, other)  d1]

Cancal

= Caso a amostragem
ultrapasse mais de
uma subamostragem,
classifigue conforme o
numero da
subamostragem.

*Dados da subamostragem

Sean 1d: manual_ulpe

Fracsonia: a1

Fracton min mesh (um) 200
Frachon max mesh (m) smss/
Fraction spitng rato (1K) 200
Remarion raction (na special char ) ho
Subldothod  concha 10 i

Scanning operator  Sleice u Ham

TP Ty &5 » - Fragdo da malha

escaneada

| _»-Fragio maxima pode

deixar valores altos

| » -0 resultado da fragio que

vocé diluiu ou quarteou a
amostra (Neste exemplo a
amostra foi diluida em
2000 mi)

™ - Método de

subamostragem

~~s- Nome do Operador que

escaneou a amostra

Escaneando am ostras....

1 PLANKTON SCANNING PROCEDURE v.713

DO NOT CHANGE ANY SETTING (window sie) in VUESCAN |
Mot #50urimage i 100 arge,  wil e automascallyspited
1) Swich Zooscan ON (ot don 190
2) Chackhatyou have placed helarge Vansgarent rame
= leia e siga as 3) Place sample into me Zooscan et
recomend acoes

do check list

4) Launch VUESCAN (t must be closed)
5) Start ght1ampo (5ress groen buion on cover
6) Cick on PREVIEW buton In VUESCAN

7) Checky

19,70 bubble,

) wAT
9) Chck on SCAN button In VUESCAN

10) Press OK in tis menu

NOTICE : PRESS SCAN irstin Vuescan and OK just afler in this screen




Checar o balango de cor que

deve estar no manu
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*60 Passo: Escaneando a amostra

= Nota: Os

Y organismos
precisam

» : estar na area
; do frame e

( NUNCA tocar
a area da
borda do
frame ou
flutuar;

4 PLANKTON SCANNING PROCEDURE v.7.13

DO NOT CHANGE ANY SETTING (window size) in VUESCAN |

Note  If your image Is too large, It will be autamatically spiitted

Switch Zoogcan ON (if not done yet)

2) Check thatyou have placed the large transparent frame

3) Place sample into the Zooscan cell

4) Launch VUESCAN (it must be closed)

5) Startlighttempo (press green button on cover

6) Click on PREVIEW button in VUESCAN

7) Check your image (No white strip, no bubble, no arganism on the OD ref)
8) WAIT MORE than 30 seconds afler the completion of the PREVIEW

8) Click on SCAN bution In VUESCAN

10) Press OK in this menu

NOTICE : PRESS SCAN firstin Vuescan and OK just after in this screen |

| cancel

* Retorne ao
menu anterior
e clique em
Ok

AQ clicar ok no menu anterior

e

g [Crop | Ser | ot
Cotor bt

o

= aparecera esta tela

[E=Sicn =]
Plugins Window Help
|&14|a”|nz]s]=]

£ Images
File Ecit Image Process Analyze

B olz|ol<|4+[x Ao

SAVING FROM ZOOSCAN TO DISK : WAIT 181 seconds |
i g [E= Eon/~=]
File Edit Font

SAVING FROM ZODSCAN TO DISK 31-207 12
SAVING FROM ZODSCAN TO DISK 32- 207 15
SAVING FROM ZODSCAN TO DISK 33- 207 1€
SAVING FROM ZOOSCAN TO DISK 34 - 207 1€
SAVING FROM ZODSCAN TO DISK 35- 207 17
SAVING FROM ZODSCAN TO DISK 36- 207 17
-| ‘sAvING FROM ZODSCAN TO DISK 37-207 1.

& OPERATING MESSAGE

_‘4 Vuescan must be CLOSED when you PRESS OK |

ST Y

7° Passo: Convertendo e
processando imagens

Fil In Sampte metacata 7
77777777777777 SCAN (CONVERT) Background Image
SSAN Sartolein Zooacin o ichve. 10 procest)

NVERT & PROCESS IMages and organisms in baich mods

—
Pre33 Gancel a0 S1 CECL rocess by ewing segmentes images

PARATION U3Ing Mgnenes
ADVANCED MODE  EDIT and MODIFY metadata
miple with 26050
CONVERT RAW image 1o 8 bit callbratod image
PROCESS (Comverted) Image (process one}
PROCESS AGAIN 31l Backproun images

7" zo0mocess wrson 136 A =
Project: manual_utpe = Recomenda-se
VUESCANversion 0.457 realizar esta
etapa ao final
SELECTPROCESS  Filin Sampls meiadola = do dia de

trabalho. Pois,
pode demandar
bastante tempo.

7° Passo: Convertendo e
processando i |magens

= Selecione
estas opges

BTGB PRCESS e 730

Prac man e

Images CORNERTED ing dotmst paames

Lp o Trp—
@ st commecscn st Sspiarc b st

G TRCATMENT PARMIETRES

espere...




7° Passo: Convertendo e

T i

processando imagens

- |
1 Imagel =@ ]
File Eol Image Process Anahze Plugins Window Help
B alz|ol—<|4+|xAlaleL] |64~ 'n|z]s|>|
Tin. I
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79 Passo: Convertendo e
processando imagens

=

Normal END of CONVERT & PROCESS Images and organisms in batch mode process

To cantrol process operatians, open file ©

Suivi_20140804_1443_log ba

in

CWZaoscan_g1\Zaascan_checkt

4 Log sl@=
File Edt Font

BATCH image process
Date= 20140804_1443

Image = jul_2014_#d01_ubat_d1
Image conversion SKIPPED

Date= 20140804_1443

89 Passo: A base de
treinamento (“Learning set")

Criar pastas e arrastar as imagens referentes
a0s organismos para criar a base de treinamento;
Gorsky et al. (2010), recomendam 200-300
imagens em cada categoria do /earning set;
Evitar nomes extensos. Ndo use espagos, nem
parénteses. Use o nome das categorias de

89 Passo: A base de

i treinamento (" Learning set")

]

= Antes de comecar a G5 = OocolocaC » Zonani » 70w » P ol = =

realizar esse passo, [ Py S ——

wopiar os arquivos .pid e b e e Koo -3 e

da pasta PIC_process piit

= PID_results e cole -

na pasta e

Unsorted_vignettes_pid Zeosam st

= Estolha as amostras
que vocd quiser utilizar
para criar sua base de

W Comprimi pura Pid_revoks e’ e emvie por e
e et e, e b de v

= Entre no
Zooprocess e
mande extrair
vinhetas para o

Plankton
Identifier

- . T . treinamentn. Lsar ::'
forma consistente para evitar duplicidade; amostras =
L, representativas de Cor b

Colocar nameros na frente dos nomes pode diferentes situagiies =

. s ecoldgicas (ex: .
a]udar a organlza-los: nverno/veran).

= 00_detrito; 01_calanoida; 01_cyclopoida; 02_cnidaria

{ Zoescam vignettes for rain : 110 [===]

1 ZoopROCESS version7.16

Project: C%Zooscan_g1

VUESCAN version 8,457

SELECTPROCESS  Fill in Sampie metadata

SCAN Sample with Z00scan (of archive, no process)
CONVERT & PROCESS mages and organisms in batch mode
ADVANCED MODE  CHECK process by wewing segmented images

SEPARATION from B msk image
SEPARATION using vignettes
EDIT and MODIFY metadata

) witn Zooscan
CONVERT RAW image to 8 ba calibeated image.
PROCESS (Converted) Image (process one)

PROCESS AGAIN all Background images

STATS and GRAPHS

Wanual measurements on selected igneties.
Uanual measurements on all igneties.

VIEV( Image with outines

VIEV vignetes

EXTRACT vignetes in folders according to PREDICTION of VALIDATION
LOAD igentiications from sorted vignettes
[EXTRACT vigneftes for PLANKTON IDENTIFIER (unsortsd vigneRes fot raiting)

CREATE 5ubset of 3 Leaming Set fom igentfied vigneties (random)
Create Leam-PID te rom a TRAINING SET

EDIT configuration file
EDITLUT e
CHANGE / CHECK Zooscan version & parameters

Ira extrair aleatoriamente
vinhetas de todas as
amostras cujos arquivos
" pid” estiverem na pasta
Unsorted vignettes pid

Lembre de alterar a
resolugdo das vinhetas
para a mesma na qual
VOCE escaneou.

Projedt: g1

Vignoties wil be exactsd from 16 PIO fes placed into he foider
CZouscan_g 1FID_procossiunsoriod_gnotios_pidh

PRESS OK When cons |

Solectmemod  Random exaction of wgneties ~

Resoluson (o) (RN -

™ Aa oumnes 7
7 Claar outside cutines 7

~gamma » 1=» contrast enhanced
M gamima < 1=» imags smoomed
- gamma = 1> o gamema comection

Gammarame (05-5) 1100

¥ Fast exraction images not dispiayed) 7
I~ Remove legend and comars 7
I~ Kaep oy selected object and dean cutsids (Swesholc= 2437
I~ Fiip image verically ?
I Replace “Gamma” infa by Zooscan CHRS"lex 7

Vignets output fomat (eg requested e PKI)  jpeg




89 Passo: A base de
i treinamento (“Learning sel")

4 Vignette Random Extraction

= Nesta opgdo vocé
escolhe quantas

- Humber of vignettes o be extracted from each image 200

vinhetas de cada (@) o
arquivo serdo extraidas

= Ao final aparece uma
mensagem sinalizando =

que acabou a extracdo  *

= Agora feche o Imagel
e va para o Plankton
Identifier

—eenem END of "Extract vignette 1o folders” tool -

| ©

89 Passo: A base de

72

o

« Pastas o -
contendo
0s homes /I /l
taxonémi i =
cos que // //
foram o e
criados
na etapa
anterior e
’
% meen

! treinamento (“Learning set")

"
o

X owea

89 Passo: A base de
i treinamento (“Learning set")

» Do lado direito sua
pasta do Learning
set ja estara
selecionada

» Do lado esquerdo,
selecione a pasta
onde as vinhetas —
foram extraidas 2
{Clique no projeto
Zooscan Xxx =
Pid_process =
Unsorted_vignettes_
pid)

89 Passo: A base de

* treinamento (“Learning set”)

» g

I S ymyrp R

£} ®

- -3 .
- -

L

5
. =

80 Passo: A base de
treinamento (" Learning sel")

st ——

e 4 0% r=r0

= Seleciona : ;
- . e
os taxa de LT e s
interesse, . . ‘
clica na - s e
SEtr em ETTE Y A 0 =3 v s ban 413 A9
sequida,
A Create Group Folders
gK' Ig,ce Avadable Hames : Folder(s) to creat
mbém e B
pode criar - ﬁ.:,m L IEI
um novo kit =
taxon na » — -
- - Fisconocs ~
ope 2 =
(e ) =3

892 Passo: A base de

« Pastas | me ..
contendo i s S B tac s s b
0S homes
taxonémi
cos que
foram
criados
na etapa
anterior | ™

! treinamento (“Learning set”")

-
=




* Seleciona
a vinheta e
move para
a pasta de
destino
conforme o
taxon

1EE)

3508 b e drecre: 3 sy et

73

« Apds
movidas as|
vinhetas,
clique em
“Create
Learning | - -
File” >

300 T e doa; § ooy e

et

| Rl v

.

| Trmiiad ind Gt

Xax
[ o ot

Qe

« Caso vocé tenha
movido algum
taxon para a
pasta errada, abra
a pasta e com o
botdo diretito em

By
= =
] o =
s : —_ Lz
b AL e SRR AL 4 B AL ol B
[~ [ -. “
s | & ] )
A men me

LIS st 1. 3420 0t 1 280 51

(]

. .
[-] ®
’ 4
Iy .

+Note que, as ="

vinhetas que ja
foram
classificadas s@o
automaticament
e marcadas com
um X

Lnsoted Tiunbs

Sorted Thunes:

(S nsoeted et pid | [Seemrg st 7
R ]
0 baoas
-
h el
1om s e =
uba?2 38 16 mal6 1 119 a2 38 16.mal6 1 26 sal
- w0 gerns
63l
00 fter
o s 3/
Wba7238_16 mele | 3100 0 kg

cima da vinheta e . « Ao finalizar r
selecione a opgdo esta etapa,
“Move to” e clique| ™ cliqgue em -]
; . )
na categoria L ‘ “Create Learning mjw . J
taxondémica iy d File” =
correta = S= — I T iy
== [ o i |
~
T it
Unsoted Thrbs. : e R s
S Ei| ST - e =
- ) = I PRy PRyt = .
T g [ B @0 1 IJ J IJ
) 00_badfoas | & 2 .J
g Bi - w1 = o akes itk
gt u .- o AL . . .
: 0 g e ’ !
W7 3 16 mald | Lisa \fa?? 3 16 m IJ d |J
« Salve sua = miﬁ - o
base de el b oo n - 08 m g c . .
treinamento  Bijige et e s - Caso voce tenha .
(“Learning fa—" iyt ik concluido esta ‘
set”) 3 Gavcpota o El etapa e ndo deseja i -
renomeando O | ikt v et v priteetreil| sl mais continuar b s s, s
arquivo. . ; mﬂ‘ sorteando as -
Porém, sempre | "= Lo Mool Lrre s - - vinhetas, clique em ..
mantenha o Too [Puarion omtorDmaFle v [ Corsr | el “N3o” .
nome B ‘ e [
LEARNING j i e
Previw 1w = LT
Zoom - ke of Cosioe e
Thuaibs i current Grectory : 5267 135 trumbs sorted in 36 Groups. = Fr e — Monsnae v




89 Passo: A base de

treinamento (“Learning set”)

= Ao final deste processo, vocé tera APENAS

um arquivo
= Learning_NOME DO PROJETO

74

90 Passo: No Plankton Identifier >
Evaluation...
Avaliando a eficiéncia do Learning set

Utilizar o método cross-validation para verificar em
qual o maior erro associado a classificacao semi-
automatica;
= Separa a biblioteca em duas partes, onde a 12 serve como
biblioteca e a 22 sera classificada de acordo com a 13, e
assim se verifica a porcentagem de erros e acertos

s roteonn
S - e T e 0
e L - " " - il . .
Lttt - " - » L] -
rressgpi » e ow '
. —— el . ' - N » M
- ' vomoo '
hert . . - . . "
R e . . - ' . .
e ' ] '
O _me . . " . . .
s ' e 3
L ounesd . . " . . .
R . . - . . .
Ll . . - . . .
‘_—_-- . . - . . .
2] Plankton Identifier = [= B Plankton Identifier = =
Program  Tools _Help Program  Tools _Help
Leaming Prediction Vakdation ‘Compilation Vakdation Compiation
Fmr—— Ol Varibes
1 eaing st Z
[ ——
Ji g i i 95
b ccosetion b ™ - Depois de selecionar
¥ e
i Gtom J a pasta de trabalho do
) £ Ui R EORE 1) . .
b o “Learning”, selecione o
5 Ganotot [ty b metodo de analise
I
- hed {Random forest).
G . -
M=, Deixar as opgies de
f A 3
e validagdo selecionadas

Select a mothod:
Croes vaidaion § Faneen Fores v |5}

de acordo com a
figura. Em seguida,

S,
; s
| | ST (=

S
MTLN
=

| - w o
- T clica em "Run”.
Bun 1 m”; 3 ¥ New| Now,
X e
- Cli do “Evaluation”
iIcar na opgao valuation
Select leaming file: ion groups
J: Learring_set ][ [Fa= ¥ o
s v Erocngois
Savarem: . Zovecan_mmits v # = @~ B Videos rop_artens
- j ° i Windows8_05 () & cospods
Home. Duta de moddicas... T Tamanho U Zootcan al o e,
1) Pred jul 2014, 0601 bt o1 SA0M026  Bocumento de Te wi Ji PID_process ¥ it
L Pred_jul_2014_#d01_ubat d1_jul 2014 .. 310720130826  Documenta de Te as7KE I Lcoring oot + mudiple
Pred jul 2014 2001 ubat <2 IMRNA0T Documento de Te.. wagkm oL} Ursdade de BD-RE (0]
) Prec_jul 2014 scin ubst 42 jul 2014 wd_ SVOT/20M40933  Documento de Te. sk 3 Uridsde do BDROM IE:
L Pred_mai_2014_#08 boia_d1_1 SUDN0M405M  Documento de Te. TE0KE kot
Pred_mai_2014_ 808 bosa_d1_1_mei 2014 3107/2004 0914 Documento de Te... Ted KB b muicle

) (o ]

+ Salvar arquivo com o nome do projeto criado. Niao retirar
“Ewval_"” do nome do arquivo.

] Leom g1 gk
[Bf Leom borsoL UFFE pid

Select a method: I
(Crossvaldlion & [Randoe Feres | 1)

) Skpe
+ Bun
X Qui

« Ira aparecer estas telas. Quando o trabalho estiver sido
concluido, clique em “Yes”,
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- grn 2] Plankton Identifier = =
10° Passo: No Plankton Identifier > e T
Prediction... — Dihatn I Il b Complaion
Fazendo a identificagao automética Select leaming file: Original Variables  Customized Variables: _ Identification groups
Leaming. st [ A 2| |4 Elrgsin o
" oot || i ¥ concantons
. . L i o JE
= Utilizar o método 6 — Random Forest e % LI 7 bac
) T % growme ||
vIra fazer a previsio de acordo com a base de L [RP e
P e 5| % wan ¥t
treinamento. . mamesenal | Zien  Negta etapa devera ser selicionada uma
v'Escolher o learning set T :E{; amostra de cada vez na opgio “select
v'Selecionar uma amostra do seu projeto por vez e Vo 05 Y FEETF’:: fge -C:'que_m amuivo pid. o
. . . s on e ntretande, o learning sera o mesme.
Ioca'llzado na pasta work (arquivo pid) - “i,  mtodo de anslise deve sar "Random
v'Ira salvar na pasta ZooScan_Results _r| orearmat i (| £ Forest”. Em seguida, clicar em “"Run”.
T 7] Save dotsded esuls fr sach sanle | b, N80 @SQUega de clicar em salvar
o resulados.
e = = =
2] Prediction - =

10° Passo: No Plankton Identifier >
Prediction...
Fazendo a identificagio automatica

Vo e
Data demodicas... Tgo
Pacta e arquives

» Salvar o arquivo Pred xxx.txt na pasta Pid_results

Select leaming file:

Original Variables

Customized Variables:  Identification groups

1! Leaning_sst

|\ muliple

|| Leam_0002pid

| Leam_gl.pid

] Leam_Manual UIFPE.pid

Select sample file(s):

v appendiculaiia
badfocus

5|

¥ Perimbueaesc
¥ Feiethreassc
¥ PerimFeret

1L L 2004_8d01_cbat d11 v
distom
Doubls
Fber

| muliple

Preparing data...

Please, be patient,

] il 2014_#d_ubat_d1_1_det1.pi
< >

Select a method: (] Xsitart
[ Yatant

Spv learning 8 (Random Forestite v || B8] | G 403 cue
Fracal

Save detailed rmsults for each sample Skelarea
5 seee

R Histeum1

Sk

[ Histeum3
X qut e

Edit| Del | |New

Aguarde com paciéncia...

« Esta etapa vai originar uma janela de internet explorer
que é a matriz de confusdo. Que vocé pode visualizar e
fechar para continuar predicdo.

= Depois da janela de internet explorer fechada.

Clique em sim para com

pletar a anélise.

(-] Prediction = O
Select loaming file: Customized Varisblos:  Idontification gioups
o apperdcuain
Learing_set  backocus
- o Chastograr
Doubts ' cop_aniena
- e
o
mutiple ¥ Doubls.
[ Ceam 00025 o far
Loam g0l o weltiple
Learn, Maruial UFPE pid
Select sample file(s):
1 _2014_2d00_ubat_d1_1 [+
.+ datom
| Doubis
| s
udighe
1 _2014_R001_ubait_d1_1_dal
<
Select a method:
Spvlearing & Pandom Foresttc | | )
[ Sawe dataied resuls fof aach sargle
o Bun Hiscum2 !
Hisicun3
* Qut v . How Hew



11° Passo: No Plankton Identifier
- Validagao

[} Plankton Identifier - =

Program Tools Help

Leamning Evaluation

= Fazer a validagdo manual, “consertando” os erros da
classificagdo automatica

- Validacao

119 Passo: No Plankton Identifier

B3 Plankton Identifier - B
Program Tools Help

Learning

Evaluation

What do you want to do ?

|| Visualize a prediction from a Pred_ bt file ‘I

Check an existing Validated set

X cancel

= Esta é a etapa de verificacdo da analise automatica.
» Clique em Validation e em seguida na opgao visualizar predigso.

76

[+ ] Plankton Identifier = =
Program Tools Help

Learning Evaluston

Saroe set:
F| [0 o 2014 o6 5.2 5

Predicion Fle : Destnaton folde :
Broi: | [ bmamiewnes  [[][9

© 5 i Zooscan g1 <
- i PID_process @ i PID_process
] Zoascan_badk

& b ek

© b w2014 %01k

& B wn 2014 046 13 v
>

[ keep Unsorted Thumbnals.

* Nesta etapa selecione o pred_xxx.txt na pasta
prediction que foi salvo na pasta Pid_results.

] Plankton Identifier =
Program Tools Help

Learning

PredctonFie : _ semgleset: __ Destraten fader:
b P sesits [v] 8 [ 8 o014 s p3.02.1 v| Banowsenas o] [3
ki osti_exwacted )i Zouscan_g1 & S i Zooscan g1 e
J. Dot1_vakdated S b PID process > i PID_process
Pred 0016 . Zooacan_back ). zoscan back
. Zoomcan sheck J. Zooscan check
). Zooscan_conig ). Zooscan_comfig
. Zooacan et 1. Zooscan meta
. Zooncan semits I Zooscan esits
jo—— & )i Zooscan_sean
b b o
| nork 5 b ok

T U M_2014_sco1 b

7 ) M_2014_sddi b
— = [ s
>

—> & o0 et -
>

< 3| e «

View Analyss Report

X cawca

] Keep Unsorted Thumbnals

Seleciona o arquivo Pred xxx txt. - Sample Set selecione a amostra

validada - Destination folder seleciona a mesma pasta da amostra.
NOTA: Etapa & para ser repetida em TODAS as amostras

(o
Program- ook - Help

W
Prodictnd sat
434204 _sd1 thot 811
Thumtnats
N — ~— \
(— (— E =
248 427 | 235 l 125
bodtecs atie Cooesoda Foer
sze
r r
- ® L5 .
< .
a = = J
3 2 iom ot N : 5
M_2034_2001_uhot 91 L. 1_014_2001 tbot 41 L., 4_I014_S001 ubet 1 1... 34_3014_2001 thet 511
Frevew
~ Xqu |
»
[ [ o Greate vaded e
Lz
Zo0m
1035 Thumbnads in curent drectory

= Abrira esta janela de Validagéio

11° Passo: Validacao - Reclassificando as vinhetas

dg;lgsgjfjsﬂsipguipmjlis;

=== £o= -~}
. bt =B
1«..... — ; LB

imm et iy e s

L. MOS0 w911 M4m0 w911 MRTe_ S w811

?. r r =

. -
\ 4 1an o

g oy
DS 1L M S 411 M0t AL

r D r r

o
o

r"'J

@

i

8 Thurmbeat n curers Sevctoey

+ Entrar em cada janela, como por exerrplo, a janela badfocus, & visualizar todas
as vinhetas, Caso alguma dassificacio esteja errada clique em cima da vinheta
com o botdo direito do mouse e mova para o destino correto,

MNOTA: Se houver um novo taxon que anteriorments ndo foi citado, cligue em criar
rova pasta e reformeie com o Novo tExon.

a ser



11° Passo: Salvando seu arquivo validado ©1!!

=

L L. r (=
o -
5
! tom ot e S &, I'\u 3 J ]
e | ML ORI L MDA 1L WD SO IN AL MO 901 bt 811 P - lom gt Lmm onary
e }A_I014_SO01 RNt 01 ... 120144001 0t E1_L.. p)_I014_e01 st 911
T [l Gererate Vatetted Duta Fte. =8|/
Seveem ) a4 2014 8000 b 41 ) - O "M@ L r L7 T
wma]] towoom s G 5 - o st - <4
e ’ E | 201491 1.1 342014 000 st 61_1.. 4 D10 BODI OB MM ARG L
) L. ey
o )
E [ Xan]
» - - g & o A
= e e £ @[ — i
e Tos (Vokdod Toa o +) [[Concetr | > % JOB COMPLETED! Continue Sorting 7 ———
e . o oo vadaied e
T . - ] |
« Depois de relocar os taxons para os destinos corretos, clique em Create Validate =y
file. E salve sua validag&o (valid_xxx.txt) 346 Thumbeats in corrent Grectorny

= Clique em ndo

Q
%, Vai precisar continuar a - - .
e - Vai precisar continuar a
validacao posteriormente? -
- — — validagao posteriormente?

Program  Tools Help

Learning Evaluation

What do you want to do ?

[ Visualize a prediction from a Pred_.txt file ]

‘What do you want to do ?

| Check an existing Validated set |

Visualize a prediction from a Pred_.txt file ]

X cancel Check an existing Validated set I

X Cancel

= E continue normalmente com a sua
validagdo que ndo havia sido concluida

Opcoes para visualizar um
arquivo validado

Y IO = Bloco de notas = Excel
- ke, i, AR K &

17201
01.

01,
12201,
u172014 7%
17201,

. =Visualize seu
; arquivo
validado

35,5443
812765 203




12° Passo: Apds a validagao
Imagel

. 2No

= Clicar em “Load identi

ications from sorted
vignettes

Froject antues_catarmna

WESCANYwesken 8457

SELECT PROCESS

Pross Gancel ana S1 aguin Zosgrocess 1o CREATE or CHANOE proec

ok | corcel|

Fornece o erro da analise e gera um arquivo .txt na pasta
pid_results —> Datl_walidated

Project - ean_antaros_catanma

Finalmente, os arquivos
que vocé quer estio
aquil

B s ovtt peoict settechue 7
B Losssiessotcamgones >

Project : scan_sntares_cataring

Select "sorted vignenes™ folder

ok | Conea

78

Planilha resultante do erro da analise

Resumo: quantas
wvinhetas haviam em
cada categoria

ineTonere
pCAlo
ot s
e 3

Varidveis métricas
para cada vinheta

Consultas

Manual Short Zooprocess = hitp:/www.obs-

(Gorsky et al. 2010 > fip:/oceanc.obs- VifrAr/LOV/ZooP

Vifr.fr/pub/iguidi/PRIME/Pubs/Gorsky_2010.pdf); Foces/ZOOSCAN._ShortUserManual.pdf

Wittmen foe Zunpeness versasm o 16
Febeuary 3010, Hydroptie & LOV

SHORT MANUAL TO WORK WITH

K ZOOMCAN

Pheanc s th ol ing “waks™ 4 earn b 40 wne the ZumoSean

[T ——
doucnala ot s TpOn T 14 Whey sl YA DG sAAG P

ZOOSCAN WORKING PROTOCOL
Mot img

Turm on the ZouScan s rvnse the scan woy

dummate marks oo th ghase soe frasme smed chech frm e st i the gl of the

P ————

Recursos para analisar os

i dados

Planilha de metadados + planilha da validagéo =
Extragdo e andlise dos dados

MATLAB

The Longuage of Technical Comping




