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RESUMO

Espera-se que as alteracdes climaticas e a intensificacdo das inundagdes e secas alterem
significativamente os ecossistemas marinhos. Compreender os efeitos de secas e inundagdes nos
estuarios ¢ de extrema importidncia para compreender os impactos climaticos potenciais em
assembleias bentonicas. O estuario Piraque-Ac¢u-Mirim € um ecossistema relativamente bem
preservado localizado na Ecorregido Marinha do Leste Brasileira, e foi utilizado como um estudo de
caso para a compreensao de variacdes sazonais e sua influéncia sobre as assembleias bentonicas. O
monitoramento do estudrio do Piraqué-A¢u-Mirim ¢ um dos mais extensos nos estudrios brasileiros
(n = 14 meses), sendo vantajoso pois o estuario estd em uma area com evidente decréscimo na
precipitacdo média anual durante a tltima década. Aqui apresentamos um monitoramento temporal
(meses) de precipitagdo, salinidade e temperatura da agua, e sedimentos na regido estuarina, cujo
objetivo foram 1) identificar mudangas temporais em sedimentos e assembleias bentdnicas no estuario
Piraque-Ac¢u-Mirim; e ii) relacionar a influéncia potencial do evento de seca as propriedades
sedimentares ¢ da macrofauna. Nossa hipdtese é que as assembleias bentdnicas seriam diferentes ao
longo do tempo e entre as zonas halinas respondendo a mudangas na salinidade e temperatura da
agua. As zonas halinas foram definidas de acordo com dados ambientais anteriores do estuario e
coletas pilotos feitas com data logger de condutividade/temperatura (OnSet) e multipardmetro. Um
evento de El-Nifio ocasionou um intenso periodo seco entre os anos de 2015-2016, com drastica
reducdo nas taxas de precipitacdo anual durante um dos mais fortes El-Nifio registrados desde 1950.
A salinidade e a temperatura em cada zona halina (euhalina e polihalina) entre as marés de sizigia e
quadratura foram diferentes. O padrdo temporal de salinidade e temperatura das zonas euhalina e
polihalina do estuério Piraqué-A¢u-Mirin modificaram entre os periodos de Seca e Chuvoso no ano
de 2015 se comparados com o periodo de Seca em 2016, resultando em menores oscilagdes diarias
na salinidade e temperatura estuarina. O conteutdo de lama ao longo do ano de 2015 foi
significativamente menor que os observados durante o periodo de Seca em 2016 (~ 100%). A clorofila
a nas estagdes Seca e Chuvoso 2015 foi significativamente maior que durante a estagdo Seca 2016.
A intrusdo da dgua marinha nas zonas polihalinas no estuario Piraqué-A¢u-Mirim provavelmente
contribuiu para o aumento do teor de lama nas zonas euhalina e polihalina. Durante o monitoramento
do estudrio do Piraqué-A¢i-Mirim as assembleias bentonicas nas zonas euhalina e polihalina foram
dominadas pelos mesmos poucos taxons (Magelonidae, Sternaspidae e Capitellidae). Porém, foram
observadas mudangas na composi¢cdo dos demais taxons menos abundantes e provavelmente menos
tolerantes. Dentre as variaveis sedimentares, o teor de lama foi o principal fator que contribuiu para
as mudancas temporais das assembleias bentOnicas, e provavelmente evidencia mudangas no perfil
salino estuarino. Temperatura da agua esteve relacionada a mudancas na riqueza e equitabilidade J’
das assembleias bentonicas, e com mudancas na composi¢do das assembleias do estudrio Piraqué-
Agu-Mirim. Nossos resultados corroboram que a temperatura influencia mudangas nas assembleias
bentonicas durante a seca, bem como a diminuigdo da diversidade e densidade de taxons dominantes
no estudrio Piraqué-Aci-Mirim. Ainda sdo necessarios estudos para melhor compreender a relagao
entre as variaveis dependentes climaticas (ex. salinidade e temperatura) e assembleias bentonicas,
bem como os fatores que controlam sua variabilidade. Projetos de monitoramento de longo prazo
ainda sdo necessarios, especialmente em paises subdesenvolvidos e em desenvolvimento. No caso do
Brasil, estes estudos, sdo essenciais para melhor gerir importantes sistemas, como o estudrio do
Piraqué-Acu-Mirim e as baias de Todos os Santos e Paranagud versus as tendéncias causadas pelo
iminente aumento da intensidade e freqiiéncia das secas no século atual.

Palavras-chave: Reducdo pluviométrica, Monitoramento, Ecologia béntica, Mudancas climaticas



ABSTRACT

Climate change and the intensification of floods and droughts events are expected to
significantly alter marine ecosystems. Understand the effects of droughts and floods on estuaries are
of utmost importance to understanding the potential climate impacts on estuaries. The Piraque-Ac¢u-
Mirim estuary is a relatively well-preserved ecosystem located in the Eastern Brazilian Marine
Ecoregion, and was used as a case study for the understanding of seasonal variations and their
influence on benthic assemblages. The monitoring of the Piraqué-Ac¢i-Mirim estuary is one of the
most extensive of Brazilian estuaries (n=14 months) and advantageous because the estuary is in an
area with evidence of significant decrease in annual average rainfall over the last decade. Here we
present a temporal (months) monitoring of precipitation, salinity and temperature of water, and
sediments in the estuarine region, whose objective is 1) identify temporal changes in sediments and
benthic assemblages in the Piraque-Ag¢u-Mirim estuary; and ii) relate the potential influence of the
drought event to the sedimentary and macrofaunal properties. Our hypothesis is that macrofaunal
assemblages would be different over time and between haline zones responding to changes in salinity
and water temperature. Haline zones were defined according to previous environmental data from the
estuary and pilot samples with the data logger conductivity/temperature (OnSet) and multiparameter.
An El Nifio event caused an intense dry season between the years 2015-2016, with drastic reductions
in annual precipitation rates during one of the strongest El-Nifio recorded since 1950. Salinity and
temperature at each haline zone (euhaline and polyhaline) were different between spring and neap
tide tides. Temporal pattern of salinity and temperature in the Piraqué-Ag¢u-Mirin estuary changes
from dry and wet seasons of 2015 compared to dry season of 2016 resulting in lower daily oscillations
in salinity and temperature of the estuary. Mud content throughout the year 2015 was significantly
lower than those observed during the Drought season in 2016 (~ 100%). Chlorophyll-a in dry and
wet seasons of 2015 were significantly higher than during dry season of 2016. Marine water intrusion
in polyhaline zones in the Piraqué-Ag¢u-Mirim estuary likely contributed to the increase of mud
content at both euhaline and polyhaline zones. During the monitoring of the Piraqué-A¢i-Mirim
estuary the benthic assemblages in euhaline and polyhaline zones were dominated by the same few
taxa (Magelonidae, Sternaspidae and Capitellidae). However, changes in the composition of the other
less abundant and probably less tolerant taxa were observed. Mud content was the main factor that
contributed to the temporal changes of the benthic assemblages, and probably shows changes in the
estuarine saline profile. Water temperature was related to changes in richness S and Pielou J’, and to
changes in the composition of the assemblages of the Piraqué-Ac¢u-Mirim estuary. Our results
corroborate that temperature influence changes in benthic assemblages during drought, as well as the
reduction of diversity and density of dominant taxa in the Piraqué-A¢u-Mirim estuary. Further studies
are need to better understand the relationship between climatic dependent variables (e.g. salinity and
temperature) and benthic assemblages, as well as the factors controlling their variability. Long-term
monitoring projects are still required, especially in underdeveloped and developing countries. In the
case of Brazil, these studies are essential to better manage important systems, such as the Piraqué-
Agu-Mirim estuary and the bays of Todos os Santos and Paranagua versus the trends caused by the
imminent increase in intensity and frequency of droughts in the current century.

Keywords: Rainfall decrease, Monitoring, Benthic ecology, Climate change
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I. Introducao geral

As recentes alteragdes causadas pelas mudangas climaticas desencadearam
respostas a nivel global, alterando componentes bioldgicos (ex. mudangas na composi¢ao
e distribui¢do de plantas e animais), ambientais (ex. impactos em manguezais e recifes de
corais) e economicos (ex. reducdo de producao agricola e diminuigdo da quanlidade de
agua (IPCC, 2001; Hughes et al., 2003). Os recentes acontecimentos sdo uma fra¢ao da
magnitude das mudangas previstas nos proximos séculos (IPCC, 2001). As mudangas
climaticas irdo influenciar o ambiente marinho a partir do aumento da temperatura,
elevacdo do nivel do mar, aumento na acidificagdo dos oceanos e intensificagdo dos
eventos de inundagdes e secas (IPCC, 2001; Harley et al., 2006; Doney et al., 2012; Cook
et al.,, 2014). A elevacao da temperatura média global proporciona mudanga fisicas e
quimicas nos sistemas marinhos, como o derretimento do gelo polar, aumento da
temperatura da superficie do mar no ultimo século, mudangas na circulagdo atmosférica
e padroes de precipitagdo, como inundagdes e secas (IPCC, 2001; Harley et al., 2006;
Doney et al.,, 2012; Cook et al., 2014). Os ecossistemas, sua biodiversidade e
produtividade respondem de forma ndo-linear as mudancas climaticas (IPCC, 2001;
Harley et al., 2006; Hewitt and Thrush, 2009; Hoegh-Guldberg and Bruno, 2010). Essas
mudancas vao de grandes escalas, como uma seca em Solitary Islands Marine Park,
Australia, onde alguns estuarios intermitentes apresentaram condi¢des hipersalinas
(Hastie and Smith, 2006), a local-especifico, onde uma seca prolongada no estuario de
Santa Lucia, Africa do Sul, hipersalinizou algumas areas, causando declinio da fauna
béntica (Pillay and Perissinotto, 2008; MacKay et al., 2010). Os estuarios apresentam
func¢des importantes e beneficios sociais, como a captura de sedimentos, a degradacao
organica, oferecem refiigio e alimento a biota, sendo altamente produtivos, colocando os
estuarios como ecossistemas costeiros de alta importancia ecoldgica ¢ socioecondmica,
especialmente diante das mudancas climaticas (Elliott and Whitfiel, 2011; Vilar et al.,
2013; Worm et al., 2006). Apesar da importancia dos servigos estuarinos, esses
ecossistemas sdo em grande parte influenciados por atividades humanas, como
desenvolvimento costeiro, poluicao, alteracdo de habitats e regimes hidrologicos (Edgar
et al., 2000; Kennish, 2002; Gusmao et al., 2016). A interacdo multipla do estresse
humano pode afetar os ecossistemas através de um processo Unico, cumulativo ou
sinérgico (Vinebrooke et al., 2004; Hoegh-Guldberg and Bruno, 2010; Worm et al., 2006).
Exemplos de interagdes multiplas sdo: 1) efeitos nocivos dos metais pesados sobre as
assembleias bentonicas no estuario do Subaé (Brasil, Krull et al., 2014) e ii) menores
decréscimos durante estresses climatico na produgdo e na biodiversidade em bancos de
Zostera noltii comparada a dreas eutrofizadas (antiga Z. noltii) no estuario do Mondego
(Dolbeth et al., 2007).

Os estuarios sdo a zona de transi¢ao entre os rios € o mar, variando em forma,
tamanho, hidrografia, salinidade, caracteristicas das marés, sedimenta¢do e energia do
ecossistema entre regides geograficas (Kennish, 2002; McLusky e Elliott, 2004).
Estudrios apresentam gradientes de salinidade, variando de euhalina, com maior
influéncia marinha (30-40) a 4gua doce, dominada pelos rios e drenagem continental (0-
0,5, Sistema de Veneza 1958; McLusky e Elliott, 2004; Barros et al., 2012). Os
parametros fisico-quimicos, como salinidade, temperatura, oxigénio dissolvedo e
turbidez, variam de marés a estagdes (McLusky e Elliott, 2004, Dolbeth et al., 2011).
Alteracdes nos padrdes de precipitagdo, como eventos e enchentes e secas, influenciam
os rios ondas e marés, que alteram os gradientes espaciais e temporais em curto e longo
prazo (Day et al., 2008; Garcia-Rodriguez et al., 2013). Os eventos de inundagdes e secas
alteram a salinidade, a temperatura, a qualidade da agua e a composi¢ao dos sedimentos
nos estuarios, que sao chaves na distribuicao da fauna béntica (Attrill and Power, 2000;
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McLusky and Elliott, 2004).

Organismos bentdnicos estuarinos estdo distribuidos em diversos taxons, sendo
compostos principalmente por anelideos, crusticeos e moluscos (Lee, 2008). A fauna
pode ser classificada em diversos grupos funcionais como, depositivoros (superficie e
subsuperficie), carnivoros, omnivoros, filtradores e detritivoros (Jumars et al., 2015). As
assembleias bentonicas sdo amplamente utilizadas para estudos de monitoramento devido
a sua importancia para a estrutura e funcao do ecossistema, respondendo rapidamente a
mudanc¢as naturais (ex. respostas diretas a salinidade e temperatura) e estresse
antropogénico (McLusky e Elliott, 2004; Pollack et al., 2011; Chen et al., 2011). Durante
eventos de seca, o aumento da salinidade e da temperatura do estudrio podem afetar as
assembleias bentOnicas por estresse fisioldgico, alterando sua composicao,
comportamento e ocorréncia (Garcia-Rodriguez et al., 2013; Dittmann et al., 2015; Little
et al., 2016). Estas alteragdes podem afetar as funcdes dos ecossistemas € 0s processos
biogeoquimicos de sistemas bentonicos em pequenas e grandes escalas, como i) bancos
de Zostera noltii no estuario do Mondego (Portugal), que diminuem a producao ¢ a
biodiversidade (Dolbeth et al., 2007), ii) decréscimo na produgdo de espécies
comercialmente importantes devido a variabilidade climética no estuario do Mondego
(Portugal; Grilo et al., 2011), iii) Alta variabilidade na salinidade diminuem a abundancia
e diversidade de bivalves e crustaceos, bem como a ocorréncia de espécies bentonicas
ndo registadas no sistema em densidades elevadas (Haminoea natalensis e a espécie
exotica Tarebia granifera) que podem causar sérias ameagas ao estudrio de Santa Lucia
(Africa do Sul; Pillay e Perissinotto, 2008) e iv) reduzir a produgio de plancton com
efeitos em cascata em niveis troficos superiores no estudrio de Neuse (Estados Unidos;
Wetz et al., 2011). Eventos de seca atuam de forma diferente entre estuarios e zonas
estuarinas, podendo causar efeitos deletérios na carga de nutrientes, taxa de oxigénio
dissolvido e producdo primaria, além de afetar a composi¢do de espécies devido a
presenca de espécies marinhas (IPCC, 2001; Vinebrooke et al., 2004; Harley et al., 2006;
Hoegh-Guldberg and Bruno, 2010; MacKay et al., 2010; Dolbeth et al., 2011; Elliott and
Whitfield, 2011; Mcleod et al., 2011; Montagna and Palmer, 2012; Wetz and Yoskowitz,
2013).

Entender os efeitos das secas e inundagdes nos estudrios ¢ de extrema importancia
para compreender os potenciais impactos climaticos nesses ecossistemas (Bernardino et
al., 2015), bem como melhorar a gestdo dos ecossistemas no proximo século (Dai, 2011,
2013; Cook et al. 2014). A avaliacao a longo prazo da oscilagdo natural permite esclarecer
os padrdes, sendo extremamente Util para a gestdo, fornecendo modelos mais precisos
(Dolbeth et al., 2011, Mcleod et al., 2011; Bernardino et al., 2016). Surpreendentemente,
a literatura sobre eventos de seca em estudrios € escassa numa perspectiva global, apenas
16 estuarios possuem monitoramento a longo prazo. Mais da metade dos estudrios
monitorados estdo localizados na Australia (5) e nos Estados Unidos (4), com dados
publicados principalmente durante o século 21 (Attrill e Power, 2000, Pillay e
Perissinotto, 2008; Dai, 2011, 2013). Dez estudrios tém um grande acompanhamento
temporal (> 10 anos), com informag¢des bem documentadas e grande conjunto de dados
sobre eventos de seca em assembleias bentOnicas estuarinas, sendo estes, 1) Nueces,
Lavaca-Colorado, Guadalupe and Caloosahatchee nos Estados Unidos (4), ii) Europa (3,
Golfo do Ledo na Francga, estuarios do Mondego em Portugal, e do Guadalquivir na
Espanha), iii) Australia na foz Murray e lagoas Coorong no sistema Murray-Darling, e
iv) estudrio da Santa Lucia na Africa do Sul (Montagna e Palmer, 2012; Palmer et al.,
2015). O estudrio de Santa Lucia funciona como um modelo vivo das previsdes sobre
intensificagdes de eventos de seca durante o século XXI, este sistema apresenta longos
periodos naturais de seca, ex. cinco anos, que acarretam em fechamento da foz e
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condi¢des de hipersalidade, evidenciando a necessidade de compreender estes eventos
(Pillay e Perissinotto, 2008; MacKay et al., 2010). Em geral, faltam informagdes sobre o
monitoramento de estuarios na América do Sul, Africa e Asia, que destacam as maiores
ameacas a esses ecossistemas.

As mudangas climaticas em escalas espaciais e temporais mudarao os padroes de
precipitacdo, salinidade e temperatura (Attrill e Power, 2000; Dai, 2011, 2013). Estas
alteragodes influenciardo os padrdes macrofaunais e as fungdes do ecossistema de forma
diferente entre areas preservadas e impactadas (por exemplo, banco de Zostera noltii e
area eutrofizadas no estuario do Mondego; Dolbeth et al., 2007). A compreensdao dos
efeitos dos estressores naturais e antropogénicos € essencial para uma melhor gestao dos
estuarios (Vinebrooke et al., 2004; Sweetman et al., 2010; Dolbeth et al., 2011;
Bernardino et al., 2015). O estuario Piraque-Ac¢u-Mirim, localizado na Ecorregido
Marinha do Leste Brasileiro em uma area relativamente bem preservada, foi utilizado
como um estudo de caso para a compreensao dos efeitos climaticos sobre as assembleias
bentonicas. O monitoramento do estuario do Piraque-A¢i-Mirim € um dos mais extensos
dos estuarios brasileiros (n = 14 meses, Bernardino et al., 2016) sendo vantajoso, pois o
estudrio estd em uma area com evidéncia de significativo aumento na temperatura média
anual durante a ultima década (Bernardino et al., 2015). Aqui apresentamos um
monitoramento temporal (tempo de meses) de precipitacao, salinidade e temperatura da
agua, e sedimentos na regido estuarina, cujo objetivo ¢ 1) identificar mudangas temporais
nos sedimentos e conjuntos bentdnicos no estuario Piraque-A¢i-Mirim; e ii) relacionar a
influéncia potencial do evento de seca as propriedades sedimentares e da macrofauna
bentdnica. Nossa hipotese ¢ que as assembleias macrobentdnicas seriam impactadas por
fatores ambientais com correlagdo temporal a mudangas na salinidade e temperatura da
agua.
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I1. Climatic effects in macrobenthic assemblages on an estuary in the Eastern Brazil
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Luiz Eduardo de O. Gomes', Angelo F. Bernardino'

1. Grupo de Ecologia Béntica, Departamento de Oceanografia e Ecologia, Universidade
Federal do Espirito Santo, Av. Fernando Ferrari, 514, Goiabeiras, Vitoria, ES, 29055-
460.

* Corresponding author: luiz.e.o.gomes@gmail.com

Abstract

In estuaries, changes in rainfall, including flood and drought events may influence water
salinity, temperature and sediment grain size, with consequences to the composition of
benthic macrofaunal assemblages. With predicted climate change impacts on coastal
ecosystems worldwide, understanding the effects of natural stressors is essential to
evaluate effects on the biota and on ecosystem function of estuarine ecosystems. This 14-
month study on an estuary in the Eastern Brazil Marine Ecoregion, revealed temporal
changes in sediment composition and macrofaunal benthic assemblages in response to a
drought event likely associated with the 2015-2016 El-Nifio. We detected seasonal
changes on sedimentary properties, with a predominance of clay particles and low
sedimentary Chlorophyll-a, following the drought event. Macrofaunal assemblages in
euhaline and polyhaline zones were similar, but observed changes ocurred during the dry
season in 2016. Water temperature influenced macrofaunal diversity and species
composition within the estuary, supporting the occurrence of assemblages shifts during
drought events as well as a decrease in diversity and abundance of dominant taxa in the
Piraqué-Acu-Mirim estuary. Long-term monitoring stations will be invaluable in future
years of climate change in order to better quantify impacts on estuaries and other coastal
ecosystems with the likely increase in intensity and frequency of droughts in some regions
of Brazil.

Keywords: Rainfall decrease, Monitoring, Benthic ecology, Climate change

1. Introduction

Climate change and the intensification of floods and droughts events are expected
to significantly alter marine ecosystems (IPCC, 2001; Harley et al., 2006; Dai, 2011,
2013; Doney et al., 2012; Cook et al., 2014). Rise in global mean temperature provides
physical and chemical change in marine systems, such as polar ice melting, rising sea
surface temperatures in the last century, changes in atmospheric circulation, and
precipitation patterns such as ﬂoods and droughts (IPCC, 2001; Harley et al., 2006; Dai,

stuaries present important
functions and societal benefits, such as sediment trapping, organic degradation, offer
refuge and food to the biota, being highly productive, these services place estuaries as
coastal ecosystems of high ecological and socioeconomic importance, especially in face
of climatic changes (Elliott and Whitfiel, 2011; Vilar et al., 2013; Worm et al., 2006).
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Despite the importance of estuarine services, these ecosystems are largely influenced by
human activities, such as coastal development, pollution and altered habitat (Edgar et al.,
2000; Kennish, 2002; Gusmao et al., 2016). The multiple interaction of human stress can
impact ecosystems through single, cumulative or synergistic process (Vinebrooke et al.,
2004; Hoegh-Guldberg and Bruno, 2010; Worm et al., 2006), as 1) Harmful effects of
heavy metals on benthic assemblages in the Suba¢ estuary (Brazil; Krull et al. 2014) and
i1) lower decreases during climatic stresses in production and biodiversity in Zostera noltii
banks compared to the eutrophic area in the Mondego estuary (Dolbeth et al., 2007).
Estuaries are the transitional zone between rivers and the sea, which vary widely
in hydrological, morphological and chemical conditions. Physicochemical parameters, as
salinity, temperature, dissolved oxygen and turbidity, vary from tides to seasons.

Changes in rainfall patterns, as floods and droughts events, influences riverine, wave or
tidal processes, which changes spatial and temporal gradients by short to long-terms (Day
et al., 2008; Garcia-Rodriguez et al., 2013). Floods and droughts events change salinity,
temperature, water quality and sediment composition in estuaries, which are keys of
benthic assemblages distribution and occurrence (Attrill and Power, 2000; McLusky and
Elliott, 2004).

Changes from droughts seasons will likely promote a large number of responses,
from 1) maintance or increased in primary production (Molen and Perissinotto, 2011), i1)
changes in sedimentation rates and its biogeochemical interactions (Dittmann et al., 2015;
Montagna and Palmer, 2012) to iii) hipersalinization (Pillay and Perissinotto, 2009;
Palmer et al., 2015), iv) close of the estuarine mouth (Pillay and Perissinotto, 2009;
MacKay et al., 2010). Changes on estuarine ecosystems by droughts can be intensifyed
or masked due human pressure as pollution, proximity to large cities, deforestation,
agriculture, dams, and others (Kennish 2002; Dolbeth et al., 2007; Cardoso et al., 2008).
Again, the responses of macrofaunal assemblages to the drought will be in single,
cumulative or synergistic processes, ranging from 1) increase in density, diversity, number
and biomass of taxa, i) do not respond imediatly to the drought by external influece, as
support of nutrientes from non-treated waste, or iii) presents the complete inverse, as
decrease in density, diversity, number and biomass of taxa (IPCC, 2001; Pillay and
Perissinotto, 2008, 2009; Grilo et al., 2009, 2011; Table 5, references therein).

Benthic assemblages are widely used to monitoring studies due its importance to
the structure and function of the ecosystem, responding rapidly to natural changes (e.g.
direct responses to salinity and temperature) and anthropogenic stress (McLusky and
Elliott, 2004; Kotta et al., 2009; Pollack et al., 2011). During drought, the increase of
estuarine salinity and temperature can influence benthic assemblages by physiological
stress changing its composition, behavior and occurrence (Garcia-Rodriguez et al., 2013;
Dittmann et al., 2015; Little et al., 2016). These changes may alter ecosystem functions
and biogeochemical processes provided by benthic assemblages on small and large scales,
as 1) decrease of commercially important species production due climate variability in the
Mondego estuary (Portugal; Grilo et al., 2011), ii) high variability changes in salinity
decrease abundance and diversity of bivalves and crustaceans, as well unrecorded
macrofaunal species to the system in high densitys (Haminoea natalensis and the alien
species Tarebia granifera) which can cause serious threats to the Santa Lucia Estuary
(South Africa; Pillay and Perissinotto, 2008) and iii) reduce plankton production with
cascade effects on higher trophic levels in Neuse estuary (United States; Wetz et al.,
2011).

Understand the effects of droughts and floods on estuaries is of utmost importance
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to understand potential climate impacts on these ecosystems (Bernardino et al., 2015), as
well improve ecosystem management in the next century (Dai, 2011, 2013; Cook et al.,
2014). Long-term evaluation of natural oscillation allows elucidating patterns, being
extremely useful for management by more accurate models (Dolbeth et al., 2011; Elliott
and Whitfield, 2011; Mcleod et al., 2011; Bernardino et al., 2016). Drought literature’ on
estuaries is scarce from a global perspective, only 16 estuaries have been surveyed in
view to analyse drought effects, most of those as a result of long term monitoring. Ten
estuaries have large temporal monitoring (>10 years), with well documented information
to droughs events on benthic assemblages, with data mostly published during the 21
century (Attrill and Power, 2000; Montagna et al., 2002; Pillay and Perissinotto, 2008;
Dai, 2011, 2013; Palmer et al., 2015; Table 5, references therein). Santa Lucia estuary
works as a living model of possible drought intensification during the 21 century, by
natural several seasons of droughts, as five years of drought, mouth closure and
hypersaline conditions, evidencing the necessity to better understand the drought events
(Pillay and Perissinotto, 2008, 2009; MacKay et al., 2010). In general, are lacking
information of monitoring estuaries in South America, Africa and Asia, which highlight
majors’ threats to these ecosystems.

Climate change at spatial and temporal scales will change patterns of precipitation,
salinity and temperature (Attrill and Power, 2000; Dai, 2011, 2013). These changes will
influence macrofaunal patterns and ecosystem functions differently from preserved and
impacted areas (e.g. Zostera noltii bed and eutrophic area in the Mondego estuary,
Portugal; Dolbeth et al., 2007). Understanding the effects of natural and anthropogenic
stressors is essential to better manage estuaries (Vinebrooke et al., 2004; Sweetman et al.,
2010; Dolbeth et al., 2011; Bernardino et al., 2015). The Piraque-A¢u-Mirim estuary,
located in the East Brazilian Marine Ecoregion in a relatively well preserved area, was
used as a case study for the understanding of climatic effects on benthic assemblages. The
monitoring of the Piracé A¢u estuary is one of the most extensive of Brazilian estuaries
(n=14 months; Bernardino et al., 2016) and advantageous because the estuary is in an
area with evidence of significant decrease in annual average rainfall over the last decade
(Bernardino et al., 2015). Here we present a temporal (time scale of months) monitoring
of precipitation, salinity and temperature of water, and sediments in the estuarine region,
whose objective is 1) identify temporal changes in sediments and benthic assemblages in
the Piraqué-Act-Mirim estuary; and ii) relate the potential influence of the drought event
to the sedimentary and macrofaunal properties. Our hypothesis is that macrofaunal
assemblages would be different over time and between haline zones responding to
changes in salinity and water temperature.

2. Material and Methods
2.1. Study area and sample design

This study was carried at the Piraqué-Ac¢u-Mirim estuary (17°58°S; 40°00°W),
within the Eastern Brazil Marine Ecoregion (Bernardino et al., 2015; Fig. 1). This estuary
has a Y-shape morphology with extensive mangroves, about 12 Km?, composed of
Rhizophora mangle, Laguncularia racemosa and Avicennia schaueriana; and tidal flats,
which are part of a Sustainable Development Reserve. The estuary is under a semi-diurnal
microtidal regime (< 2m). Coastal development led to mangrove removal in some areas
on the estuarine margin for agriculture, house construction and piers to fishermen access
the river (Bernardino et al., in review).

The Piraqué-Agu-Mirim estuary has an euhaline (30-40) and a polyhaline (18 to
30) zones, which were defined according to previous environmental data (Bernardino,
unpublished) and from pilot studies taken in April and May 2015 with a
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conductivity/temperaute data-logger (OnSet) and a multiparameter (Venice System,
1958; Gimenez et al., 2005; Mariano and Barros, 2015; Figure 1). We selected two
random study sites at each haline zone, one at each river margin distant about 100 m
(Euhaline: Site 1 19°56'17.1" S, 40°10'37" W; Site 2 19°56'38.5" S, 40°10'26.1" W;
Polyhaline Site 1 19°55'09.5" S, 40°12'28.5" W; Site 2 19°56'18"S, 40°1224.7" W). Each
site was subdivided in two sampling areas distant 10 m from each other on the intertidal
mudflat region, distant at least Im from the nearby mangrove forests. Sediments and
macrofaunal assemblages were sampled monthly from May 2015 to June 2016 at the same
areas. At each area, three faunal samples and a sediment sample (three replicates,
0.008m?) were collected for analysis of Particle size, Total organic content and Calcium
carbonate. A superficial sediment sample (15g, 0-3 cm) was sampled for Chlorophyll-a
and Phaeopigments analysis (Quintana et al., 2015). Samples were grouped by seasons,
Dry 2015 = May to September 2015, Wet 2015 = October 2015 to March 2016, and Dry
2016 = April to June 2016 (Reboita et al., 2010).

Mean daily rainfall were obtained from the website of the Brazilian National
Water Agency (ANA, 2016; Rainfall stations: 1940002, 1940021, 1940039, 194,0042,
2549007 and 2549087; Years from 1948 to 2016) and from the local climatic station at
UFES (2015-2016). Water pH, total dissolved solids (TDS, ppt) and dissolved oxygen
(mg/L, DO) were sampled at each area within the euhaline and polyhaline zones prior to
sediment sampling using a HANNA multiparameter near the mud flat (1 m depth, low
tide). The monitoring of salinity and Temperature (°C) were carried using an OnSet
datalogger (U24-002-C) deployed continually, during seasons of 5 to 24 days at 1 meter
above the bottom (~3 meters depth, low tide). A total of 40 days were monitored at the
euhaline zone (Dr 2015 (6d), Wet 2015 (24d) and Dry 2016 (10d)); and 35 days at the
Polyhaline zone (Dry 2015 (5d), Wet 2015 (22d) and Dry 2016 (8d)). Except during the
Dry 2015 season where only one spring tide was monitored, all other seasons were
monitored during spring and neap tides.

2.2. Laboratory analysis

Macrofaunal samples were sieved in the field (500um mesh size) using local water
and preserved in 70% Ethanol until analysis. In the laboratory, all organisms were sorted
and identified to the lowest taxonomic level. After sorting, total macrofaunal biomass
(wet weight) was determined using a 0.0001g precision balance. The sediment particle
size was determined by dry-sieving and reported as mud sediment fraction (i.e. particles
sizes >2, 2-1,1-0.5, 0.5-0.25, 0.25-0.125, 0.125-0.063 and <0.063 mm). Total organic
content was measured by loss on ignition over 4 h at 500°C, after drying the samples at
60°C for 48 h. Calcium carbonate (CaCO3) contents were determined by adding chloric
acid (10%; 2 mL) till effervescence ceased and then dried at 60°C for 48 h. Chlorophyll-
a and phaeopigment were analyzed according to Lorenzen (1967). In laboratory,
chlorophyll-a concentrations were measured spectrophotometrically (absorbance read at
430 and 665 nm) after extraction with 100% acetone. Phaeopigments were determined
after acidification with 0.1 N HCI (Lorenzen, 1967).

2.3. Statistical analysis

Total daily rainfall at the Piraqué-A¢i-Mirim region (rainfall stations of ANA
local and climatic station at UFES) were grouped at scales of months, seasons and years
(mean and standard deviation) to describe the drought event. Water salinity and
temperature were monitored by conductivity and temperature data-loggers at euhaline
and polyhaline zones across the three seasons during the study (Dry 2015, Wet 2015, Dry
2016), and spanned major tidal changes (spring x neap) at each haline zone. PSS-78 was
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used to calculated salinity using the logger conductivity and temperature measures
(UNESCO, 1981).

Based on the unbalanced design, a one-way Analysis of Variance (ANOVA) model
was used to compare salinity and temperature accross tides and seasons. Sedimentary
properties (Mud content, Total organic matter, Calcium carbonate, Chlorophyll-a and
Phaeopigment) and macrofaunal assemblages (Density, Biomass, Species richness,
Shannon H> and Pielou J’) were compared between haline zones (euhaline and
polyhaline) and seasons (Dry 2015, Wet 2015, Dry 2016). If significant, a post hoc pair-
wise comparison Tukey-Kramer test was used, due unequal sample sizes (Dunnett, 1980).

Spatial and temporal changes of the benthic assemblages were assessed by density
(ind.m?), biomass (g.m?), taxa composition and diversity analysis (Species richness,
Shannon H 'and Pielou J'). Analysis of Multidimensional Similarity (MDS) was applied
using transformed square root abundance of all taxa in a similarity matrix (Bray-Curtis)
to evaluate changes between seasons, and euhaline and polyhaline zones. The significance
of clustering of MDS was assessed using the SIMPROF test and significance tests were
determined by ANOSIM (Warwick and Clarke 1993). Changes in benthic assemblages
and sedimentary parameters were analyzed using PERMANOVA (permutational analysis
of variance; Anderson et al., 2008). Two factors were used in PERMANOVA, seasons
(Dry 2015, Wet 2015 and Dry 2016), and haline zones (euhaline and polyhaline).
PERMANOVA of benthic assemblages was conducted using a Bray-Curtis similarity
matrix, transformed by the fourth root. The sedimentary parameters were transformed by
Euclidean distance.

Temporal correlations between water salinity and temperature with sedimentary
parameters (Mud content, Total organic matter, Calcium carbonate, Chlorophyll-a and
Phaeopigment), and macrofaunal assemblages properties (Density, Biomass, Species
richness, Shannon H 'and Pielou J') and composition were tested by Multiple linear
regression analysis. Valid regression models were tested by an ANOVA (global quality of
fit; Legendre and Legendre, 2012). Water salinity and temperature were chosen as
predictors of pluviometric and macrofaunal changes, due to their inverse relationship with
rainfall variations and direct effects on macrofaunal assemblages (Palmer et al., 2015).

DistLM (distance-based linear model) routines (McArdle and Anderson, 2001;
Anderson et al., 2008) were performed Selection = step-wise, selection criterion =
adjusted AICc); and applied to sedimentary parameters and macrobenthic assemblages
(Clarke and Gorley, 2006; Anderson et al., 2008). Benthic assemblage data were analyzed
using the Bray-Curtis similarity matrix, transformed by the fourth root. Sedimentary
parameters were transformed by Euclidean distance. BIO-ENV procedure was applied to
relate multivariate patterns of macrobenthic assemblages by sedimentary parameters
(classification of Spearman, p between the two matrices of similarity).

Analyzes of Diversity, MDS, SIMPROF, ANOSIM, PERMANOVA, RELATE,
DISTLM and BIO-ENV were performed using the software PRIMER v 6.0 with the
PERMANOVA + add-on package (Clarke and Gorley, 2006; Anderson et al., 2008).
ANOVA with post hoc Tukey-Kramer test and Multiple linear regression analyzes were
performed Using SPSS v 20.0 software (IBM SPSS Statistics Inc., Chicago, IL, USA).

3. Results
3.1. Drought characterization

Rainfall varied drastically during the study seasons in the Piraqué-Ac¢u-Mirim

estuary, with higher monthly volumes during the Dry season of 2015 (62.5+£52.5 mm/mo),
which were similar to the mean historic rainfall for the season (Dry 1948-2014, 62.6+19.5
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mm/mo; Figure 2). However, during the Wet season of 2015 (46.9+29.7 mm/mo) and the
following the Dry season of 2016, (13.3+5.9 mm/mo), rainfall was lower than historical
means, with strong reductions of 40 to 80% in rainfall volume. The lowest montly rainfall
volume occurred during the Dry season of 2016, with values of 8.9 to 11 mm/mo in
February, April and May 2016 (Figure 2). Historical data indicated that the high rainfall
at the Piraqué-Ac¢u-Mirim estuary occurred in December 2013, with a mean monthly
rainfall of 649.8+£115.5 mm. Our data revealed that during the last decade, the Piraqué-
AcU-Mirim estuary has been under a continuous decline in mean rainfall, with the lowest
rainfall averages of the last 50 years occurring in 2015 and 2016 (Figure 2).

As expected, the mean water salinity of euhaline and polyhaline zones were
different at all seasons (dry and wet seasons of 2015 and Dry season of 2016), and
between spring and neap tides. Spring tide salinity was always higher in the euhaline zone
if compared to the polyhaline zone (26.7 to 26.9 and 23.5 to 24.1, respectively; ANOVA
»<0.001 Figure 3). The same occurred with neap tide salinity ranges, which were higher
in the euhaline zone during all seasons sampled (Figure 3, ANOVA p<0.001). However,
tidal patterns in salinity ranges changed within each zone across seasons. In the Euhaline
zone, salinity range during spring tides was significantly different to neap tides during the
Wet season of 2015 (ANOVA F 37.414, p 0.000; Figure 3), not during the Dry season of
2016. In the Polyhaline zone, salinity ranges between spring and neap tides was
significantly different during the Wet season of 2015 (ANOVA F 26.403, p 0.000) and the
Dry season of 2016 (ANOVA F 6.610, p 0.011). However, salinity ranges at both spring
and neap tides in the Polyhaline zone increased significantly, with lower oscilation,
between the Dry and Wet seasons of 2015 to Dry season of 2016 (ANOVA F 24.351, p
0.000; Tukey-Kramer p 0.000, both seasons; Figure 3).

Spring tide temperatures in euhaline zones were constantly higher if compared to
the polyhaline zones in Piraqué-A¢u-Mirim estuary (ANOVA p<0.000; Figure 4). During
the Wet season of 2015 and Dry season of 2016, neap tide temperatures in the euhaline
zone were lower than polyhaline (ANOVA p<0.000 Figure 4). Tidal patterns in
temperature ranges changed within each zone across seasons. In the Euhaline zone,
temperature range during spring tides was significantly different to neap tides during the
Wet season of 2015 (ANOVA F 6.938, p 0.009) and Dry season of 2016 (ANOVA F
71.762, p 0.000). In the Polyhaline zone, temperature ranges between spring and neap
tides was significantly different during the Wet season of 2015 (ANOVA F 4.009, p
0.047), not during the Dry season of 2016 (Figure 4). However, temperature ranges at
both spring and neap tides in the euhaline zone increased significantly, with lower
oscilation, between Dry season of 2015, Wet season of 2015 and Dry season of 2016
(ANOVA F 298. 960, p 0.000; Tukey-Kramer p 0.000). The same pattern was evidenced
in the polyhaline zone temperature, which increased significantly, with lower oscilation
between Dry season of 2015, Wet season of 2015 and Dry season of 2016 (ANOVA F
572.984, p 0.000; Tukey-Kramer p 0.000 all seasons; Figure 4).

3.2. Spatial changes between haline zones
3.2.1. Water column and sediment

Water column pH, Total dissolved solids (TDS) and Dissolved oxygen (DO) were
similar at the euhaline and polyhaline haline zones (Table 1). All sediment properties
(Mud content, Total organic content, Calcium carbonate, Chlorophyll-a and
Pheopigments) were also similar between the euhaline and polyhaline zones
(PERMANOVA, F 0.467, p 0.79; Table S1).
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3.2.2. Macrofaunal assemblages

A total of 3,736 individuals distributed in 32 taxa were sampled during the study
period. Annelida (17 taxa), Crustacean (7 taxa) and Mollusca (6 taxa) were predominant.
Macrofaunal density, biomass, richness, Shannon H’ log e and Pielou J’ were similar at
the euhaline and polyhaline zones (ANOVA, p > 0.05; Table S2).

Annelida was the most abundant taxa in the euhaline and the polyhaline zones.
The polychaetes Magelonidae, Sternaspidae, Capitellidae, Goniadidade and Paraonidae
dominated the euhaline (234,000£51,282 ind.m? 89.3%) and polyhaline
(179,375+39,449 ind.m? 87.5%) zones of Piraqué-Ac¢u-Mirim estuary. Macrofaunal
composition markedly changed between euhaline and polyhaline zones. The crustacean
Cirolanidae (375+29 ind.m? 0.1%) only occured at the euhaline zone, while the
polychaetes Amphinomidae (125+9.6 ind.m?, 0.1%) and Sabellariidae (125+9.6 ind.m?,
0.1%), and the crustaceans Atyidae (125+9.6 ind.m?, 0.1%), Alpheidae (125+9.6 ind.m?,
0.1%) and Cumacea (125+9.6 ind.m?, 0.1%), the gastropod Vitrinellidae (750+49.1
ind.m?, 0.4%) and Sipuncula (250+13.6 ind.m?, 0.1%) only occured at the polyhaline zone
of Piraqué-Acu-Mirim estuary. About 25% (8 taxa) of the sampled taxa were rare and
represented less than 1% of the relative abundance (Table 2; Table S3).

3.3. Temporal changes in the estuary
3.3.1. Water column and sediment

Water column pH, Total dissolved solids (TDS) and Dissolved oxygen (DO) were
similar at Dry and Wet seasons of 2015 and Dry season of 2016 at both haline zones
(Table 1). Dissolved Oxigen was lower at the euhaline and polyhaline zones during the
Dry season of 2016 (Table 1). The sediment Mud content increased significantly from
Dry 2015 and Wet 2015 to Dry 2016 (ANOVA, F 10.023, p 0.001). Sediment Chlorophyll-
a was also significantly lower during the Dry season of 2016, if compared to the two
previous seasons (ANOVA, F 4.71, p 0.01; Table S1). Sediment Pheopigments decrease
significantly between Dry season of 2015 and Wet season of 2015 (ANOVA p 0.033).
Sedimentary Mud content, Chlorophyll-a and Pheopigments of euhaline and polyhaline
zones in Piraqué-A¢i-Mirin estuary vary significantly between seasons (PERMANOVA,
F 11.295, p 0.001; Table S1).

Temporal changes in sediment Chlorophyll-a and Pheopigments were influenced
by salinity in euhaline and polyhaline zones, respectively (Multiple linear regression F
2.520; p 0.027; F -3.060; p 0.01). Changes in Mud content (Multiple linear regression F
2.394; p 0.034) was influenced by temperature in euhaline zone. Changes in Mud content
(Multiple linear regression F 4.034; p 0.002) and Pheopigments (Multiple linear
regression F -2.202; p 0.05) were influenced by temperature in polyhaline zone.
Sedimentary properties (Mud content, Total organic content, Calcium carbonate,
Chlorophyll-a and Pheopigments) in euhaline and polyhaline zones were similar with
different changes across the Dry 2015, Wet 2015 amd Dry 2016 seasons in Piraqué-Agu-
Mirim estuary (PERMANOVA, F 1.1101 p 0.336).

3.3.2. Macrofaunal assemblages

Seasonal changes on macrofaunal density decreased significantly between Dry
season of 2015 than Wet season of 2015 (p 0.007), and with Dry season of 2016 (p 0.002)
in both haline zones (Figure 5). Macrofaunal richness decreased significantly between
Dry season of 2015 than Wet season of 2015 (p 0.000), and to Dry season of 2016 (p
0.001) in both haline zones. Macrofaunal diversity Shannon decreased significantly from
the Dry to Wet seasons of 2015 (p 0.028), whereas macrofaunal evenness (J’) increase
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significantly in Dry season of 2015 and 2016 (p 0.008). Macrofaunal assemblages of
euhaline and polyhaline zones vary significantly between seasons in Piraqué-Ag¢u-Mirin
estuary (PERMANOVA, F 11.295, p 0.001; Figure 5, Table S2).

Macrofaunal composition markedly changed across seasons in the Piraqué-Acu-
Mirim estuary. During the Dry and Wet season of 2015, Magelonidae, Sternaspidae,
Capitellidae, Goniadidade and Paraonidae dominated the euhaline (91%) and polyhaline
(87.8-90%) zones. However, the top five ranked taxa changed during the Dry season of
2016, with Oligochaete becoming a dominant taxa, with a marked decrease in Paraonidae
at the euhaline and polyhaline zones (Table 2). In overall, during the Dry season of 2016
there was a decrease in the dominance of the top ranked macrofaunal taxa (<84%), if
compared to the two previous seasons Dry 2015 (>87%) and Wet 2015 (~90%).

Sixteen macrofaunal taxa only occured in a specific season, and most of then had
low relative abundances. Fight taxa (25% of total taxa) only occurred during the Dry
season of 2015, while the mussel Vitrinellidae only occurred in the Wet season of 2015,
all in low relative abundances (<0.1%). Seven taxa only occurred during the Dry season
of 2016, six in low relative abundances, with Oligochaete in high relative abundance to
euhaline zones (5.9%) and polyhaline zones (7.8%) to both haline zones, being a top five
ranked taxa in Piraqué-A¢u-Mirin estuary (Table 2).

Water temperature influence the increase in Macrofaunal Pielou J’ in euhaline
zones (Multiple linear regression F 3.217, p 0.007), and the decrease in Macrofaunal
Richness in polyhaline zones (Multiple linear regression F -3.889, p 0.002). Macrofaunal
assemblages in euhaline and polyhaline zones were similar (dominant taxa) across the
Dry 2015, Wet 2015 and Dry 2016 seasons in Piraqué-Ac¢u-Mirim estuary
(PERMANOVA, F 1.0386, p 0.406).

3.3.3. Multivariate analysis

Multivariate analysis revealed a marked seasonal change in benthic assemblages
in the Piraqué-A¢u-Mirim estuary (ANOSIM, R 0.305, p 0.001). Macrofaunal
assemblages differed between seasons (Dry 2015, Wet 2015 and Dry 2016;
PERMANOVA, Pseudo-F 11.693, p 0.001). The dissimilarity was mainly influenced by
13 of the 32 macrofaunal taxa (Global Test, R 0.951, p 0.1%). Annelids mostly influenced
the observed seasonal changes with the 10 top ranked taxa (Figure 6; Table 2).
Magelonidae, Spionidae, Sternaspidae, Nereididae and Goniadidae decreased in density
across the seasons in euhaline zones and polyhaline zones. Paraonidae decreased in
density from the Dry season of 2015 to the Wet season of 2015 and were absent in the
Dry season of 2016 in both zones. Oligochaete only occured in the Dry season of 2016 in
euhaline and polyhaline zones of Piraqué-A¢i-Mirim estuary (Figure 6; Table 2).

Macrofaunal assemblages in the euhaline zones and polyhaline zones were
dominated by the polychaetes Magelonidae, Sternaspidae, Capitellidae and Goniadidae
(46.3%; SIMPER analysis). Macrofaunal composition were influenced by the decrease in
density of the top dominant taxa (Magelonidae, Sternaspidae, Capitellidae, Goniadidae)
and less representative taxa (Spionidae, Nereididae, Phyllodocidae, Scalibregmatidae and
Nemertea), as well the increase of Pilargidae and Cossuridae across Dry season of 2015
to Dry season of 2016. Change in macrofaunal assemblage composition between seasons
were influenced by the absence of Paraonidae and Tellinidae in Dry season of 2016
compared to Dry and Wet seasons of 2015 of Piraqué-Ac¢u-Mirim estuary (Figure 6; Table
2).

Sedimentary mud content contributed to the seasonal changes on macrofaunal
assemblages (DISTLM, Pseudo-F 13.392, p 0.001; Table 3). Changes in mud content
explained 12.7% of macrofaunal assemblage variation (BEST R 0.107; Table 4, Figure
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7).

Water temperature influence significantly the decrease in macrofaunal density in
euhaline zones and polyhaline zones. Water temperature in the euhaline zone influence
the decrease in density of Phyllodocidae and Cirratulidae (Multiple linear regression
ANOVA F 14.500, p 0.001), whereas in the polyhaline zones influence the decrease in
density of Paraonidae, Lumbrineridae, Goniadidae and Phyllodocidae (Multiple linear
regression ANOVA F 45.484, p 0.000). The polychaete Phyllodocidae was the unique
taxa influenced by temperature in euhaline zones and polyhaline zones.

4. Discussion

Changes in rainfall patterns, with increases in flood and drought events, are
expected in response to climatic change (IPCC, 2001; Dai, 2011, 2013). The 21st century
is expected to have an increase in frequency and intensity of droughts, mostly influenced
by decrease in rainfall rates and increases in potential evapotranspiration (Dai, 2011,
2013; Cook et al., 2014). Evidences of warming at all Brazilian marine ecoregions
suggests that most of the Brazilian estuaries are under global warming effects, with this
study evidencing that drough events can intensify these changes during the dry seasons
(austral winter; Bernardino et al., 2015; Pampuch et al., 2016). The Piraqué-A¢u-Mirim
estuary is under a marked rainfall oscillation, with more frequent strong rainfall anomaly
during in wet seasons. Heavy rainfall, which can cause floods, decrease salinity and
temperature, which can affect benthic assemblages (Montagna et al., 2002 Saifullah et al.,
2016). However, the years of 2015 and 2016 were markedly dryer than if compared to the
historical data from the last 60 years in the region, with rainfall volumes 3 to 8 times
lower than average. This 2015-2016 drought occurred during a very strong El-nifio, the
highest in this century (> 2.0; ggweather, 2017). El-Nifio influences local weather
worldwide and mostly leads to increased drought risk (Grimm et al., 1998; Dai, 2013).
Warms episods of El-nifio are more frequent, persistant and intense since 70°, campared
to the previous 100 years (IPCC, 2001), which shows the possibility of other strong
drought in the coming decades. Drought can be charactezed as a decline in rainfall below
the mean monthly precipitation, increases in evapotranspiration, or a combination of the
two (Cook et al., 2014). Mean values over a prescribed 30-year interval are sufficient to
filter inter-annual fluctuations and anomalies (Hare, 1979). In estuaries, drought seasons
may affect estuarine ecosystems by increasing salinity and temperature seasonsdue to the
lower fresh water flux from continental drainage and rainfall (McLusky and Elliott, 2004;
McLaughlin et al., 2009). The low rainfall during the drought event reduce fresh water
presence, increase marine water residence time and evapotranspiration, with resulting
salinization within the estuary (Dai, 2013; Saifullah et al., 2016).

Water salinity and temperature are related to rainfall changes, with inverse relation
with rainfall variations (Palmer et al., 2015). In our study, salinity varied less at the
euhaline zones than the polyhaline zones, with higher values in euhaline zones.
Temperature was lower in euhaline zones than polyhaline zones at dry and wet seasons
of 2015 and Dry season of 2016, and temperature varied more at euhaline zones than
polyhaline zones. The decrease in salinity range with tidal oscilation in the euhaline zone
during the dry season of 2016, and the increase in temperature in euhaline and polyhaline
zones across seasons indicate a higher marine water intrusion in Piraqué-Ac¢i-Mirim
estuary. During drought seasons water temperature increase, reducing the dissolved
oxygen solubility and mix with coastal water (Attrill and Power, 2000; Enquist et al.,
2003; Stow et al., 2005). Associated with the low rates of oxygen, the high temperature
increase oxygen demand by benthic biota, which can promote hypoxia (<2 mg/L), as well
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hypoxia-derived mortality of the biota (Brown et al., 2004; Harris et al., 2006; Vaquer-
Sunyer and Duarte, 2008). The low dissolved oxygen (<1 mg/L) at euhaline zones and
polyhaline zones may influence the decrease in benthic diversity in the Piraqué-Acgu-
Mirim estuary at the Dry season of 2016.

Climate change will affect salinity, temperature, turbidity and nutrient availability,
which can impact primary production (Attrill and Power, 2000; IPCC, 2001). The scarcity
of nutrients during low rainfall and drought years can lead to lower Chlorophyll-a
variability (Abreu et al., 2010). The drought and El-nifio likely influenced the low
Chlorophyll-a and pheopigments at both euhaline and polyhaline zones across all seasons
in the Piraqué-A¢u-Mirim estuary (Attrill and Power, 2000; Drake et al., 2002; Grilo et
al., 2009; Abreu et al., 2010). Drought may act differently in each estuary, ranging from
major influences, as ENSO, to regional changes in precipitation and evapotranspiration.
Particle sedimentation in estuaries depend on aggregation dynamics, mostly influenced
by particle concentration, size, fluid dynamics and salinity (Eisma 1986; Mari 2008; Mari
et al., 2012). Droughts can change sedimentation in estuaries generally increasing silt
fractions of sediment towards the mouth of an estuary (MacKay et al., 2010; Mari et al.,
2012; Dittmann et al., 2015). Additionally, salinization and pH increases during droughts
modify the aggregation processes of adsorption and flocculation, which may promote fast
sinking of aggregates (Eisma, 1986; Komar, 1996; Mari et al., 2012). The marine water
intrusion in polyhaline zones in the Piraqué-A¢u-Mirim estuary likely contributed to the
increase of mud content at both euhaline zones and polyhaline zones in the Piraqué-Acu-
Mirim estuary at the Dry season of 2016.

Benthic estuarine assembages exhibit changed patterns of distribution, abundance
and structure during climatic events (Drake et al., 2002; Pillay and Perissinotto, 2008;
Pollack et al., 2011; Medeiros et al., 2016). These changes reorganize ecosystem functions
on regional and/or local scales, which can couse trophic cascade (Folke et al., 2004).
Salinity is an important factor controling benthic estuarine assemblages, estuarine
environments acts as a filter, supporting species with functional or phenotypic
characteristics suitable for establishment and persistence in each haline zone (Pillay and
Perissinotto, 2008; Barros et al., 2012; Mariano and Barros, 2015). The power and
frequency increase of drought events can influence benthic assemblages by changes in
sediment and physiological stress, with can results in changes in biogeochemical process
and ecosystem functions (Elliott and Whitfield, 2011; Mcleod et al., 2011; Dittmann et
al.,, 2015; Montagna and Palmer, 2012). Grain size is a fundamental influence to
macrofaunal composition in soft sediments (Carvalho et al., 2017). The increase in
sediment complexity usually contain higher diversity of macrofaunal taxa, while the
reduction in grain size decrease the space between sediment, where benthic biota lives
(Gray and Elliott, 2009). The decrease in grain size reduce permeability, oxygen
penetration depth and nutrient rates (Pratt et al., 2014). Increase in mud content decrease
macrofaunal density and species richness (Thrush et al., 2003; Anderson 2008), which
affects ecological functions, due changes in benthic structure and loss of key species
(Pratt et al., 2014). In the present study mud content was high during all seasons, with
increase in dry season of 2016, that influences seasonal changes on macrofaunal
assemblages (total biomass, Richness, Pielou J 'and Shannon H') of Piraqué-Act-Mirim
estuary. Temperature of water has been reported as being a major controlling variable for
species, which could affect the metabolism, growth and reproduction (Attrill and Power,
2010; Bishop et al., 2006; Dolbeth et al., 2011; Munguia et al., 2013). The increase in
temperature of euhaline and polyhaline zones at Dry 2016 compared to Dry 2015 and Wet
2015 influences the decrease in Macrofaunal Richness and increase in Pielou J°, while
salinity did not influence macrofaunal changes of Piraqué-A¢i-Mirim estuary.

22



628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677

Similar habitats (e.g. healthy mudflats within the same haline zone) should have
a pool of similar species (both functionally and morphologically) and may reflect local
environmental filters that regulate the dispersion of species along haline gradients
(Medeiros et al., 2016). Salinity is considered the most important variable to macrofaunal
assemblages estructure in estuaries, but other variables (e.g. temperature and grain size)
can be more important to these changes, which evidence that macrofaunal assemblages
are not effected in a simple or linear way (Teske and Wooldridge, 2003; MacKay et al.,
2010; Palmer et al., 2015; Medeiros et al., 2016). Drought events can lead to marked
changes in estuarine assemblages (IPCC, 2001; Pillay and Perissinotto, 2008, 2009;
MacKay et al., 2010; Dittmann et al., 2015; Gonzalez-Ortegoén et al., 2015; Table 5,
references therein). High presence of marine opportunistic taxa, including Capitellidae
and Oligochaete evidence salinity intrusion and changes in macrofaunal composition
(Hastie and Smith, 2006; Pillay and Perissinotto, 2008; MacKay et al., 2010; Table 5,
references therein). Euhaline and polyhaline zones of Piraqué-A¢u-Mirim estuary were
dominated by the polychaets Magelonidae, Sternaspidae and Capitellidae, with shifts in
taxa composition (Oligochaete and Paraonidae). Salinity of water was not related to any
macrofaunal assemblages parameter across seasons, wheras temperature was related to
macrofaunal richness and Pielou J’, and taxa distribution (e.g. Phyllodocidae and
Cirratulidae) in euhaline and polyhaline zones of Piraqué-A¢u-Mirim estuary.

Brazil has 8,000 km of coast line with over one hundred estuaries from the tropical
equator in the North to South lagoons, with a general lack of long term ecological
monitoring programs (Bernardino et al., 2016). Geomorphological and oceanographic
conditions changes on Brazilian estuaries are evident, where dominated by riverine inputs
are more frequent in the N and NE, while bays, drowned estuaries and lagoons in SE and
S (Dominguez, 2006; Bernardino et al., 2016). This monitoring is one of the most
extensive studies ever carried within Brazilian estuaries, totalizing 14 months of
monitoring (May 2015 to June 2016; Bernardino et al., 2015, 2016). The temporal
analysis of euhaline and polyhaline zones of Piraqué-A¢u-Mirim estuary provided
significant advance in the understanding of natural climatic oscillations on benthic
assemblages of east Brazilian estuaries. The system recovery can be faster to especifc
permanents changes, depending to the intensity of the event and helth of the estuary. All
of these evidence the necessity to understand the impacts coused by droughts and floods
from others impacts (natural or antropogenic; IPCC, 2001; Worm et al., 2006; Table 5,
references therein). However, long-term assessment of naturals oscillation, as droughts,
elucidated patterns changes and be usefull to overall management, providing more
accurate models (Dolbeth et al., 2011; Elliott and Whitfield, 2011; Mcleod et al., 2011;
Bernardino et al., 2016).

Our results corroborate that temperature influence benthic shifts during drought.
Despite faunal composition shifts, macrofaunal density, biomass, richness, H’ and J’
decrease, which evidence a decrease in diversity and dominant taxa density. Studies still
needed to better understand the relationship between weather-dependent variables and
benthic assemblages, as well factors controlling their variability.
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Table captions
Table 1. Changes of pH, Total of dissolved solids (TDS) and Dissolved oxygen (mg/L, DO) in euhaline and
polyhaline zones between dry and wet seasons of 2015 and dry season of 2016 at Piraqué-Ac¢u-Mirim

estuary.
Euhaline zone Polyhaline zone
pH TDS DO Ph TDS DO
May 2015 - - - - - -
June 2015 - - - - - -
July 2015 - - - - - -
Dryl
August 2015 8.7£0  25.1+1.4 5.4+0 8.7£0  26.7+0.1 5.8+0.3
September 2015  7.840 27.840  3.9+0.3 8.1£0 25440 3.2+0.2
October 2015 8.2+0 29.1+0 3+0.2 8.3£0.1 28+0.1 2+0.1
November 2015  8+0.1  29.6£0 1.9+0 8.3£0.1 29.2+0 1.24+0.2
December 2015  8+0 29.1+£0.1 6.4%0.2 7.6£0 270 3.9+0.2
Wet
2015
January 2016 8.1£0.1 24.9+0.2 3.2+0.7 7.7+0 17.8£0.2 3.3+0
February 2016 8.8£0.4 28+0.1 1.7£0.1 7.8£0  25.8+0.2 1.4+0
March 2016 8.4+0 29.1+0.1 2.4+0.5 8.0+0.1 27.6+0.1 1+0.1
April 2016 8.3+0 29440 0.7+0.3 7.9+0 27.840.2 0.6+0
Dry2 May 2016 8.9+0.2 30.2+0 <LQ 8+0 29.840 <LQ
June 2016 9.1+£0.3 30.5+¢0 <LQ 8.3+0 30+£0.1 <LQ
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1029 Table 2. Density (ind.m?) and Relative abundance (%) of macrofaunal assemblages in euhaline and polyhaline zones between dry and wet seasons of 2015 and dry season of
1030 2016 at the Piraqué-A¢i-Mirim estuary. $ = top ranked macrofaunal species. P = Polychaete, O = Oligochaete, M = Mollusk, C = Crustacean.
Euhaline zone Polyhaline zone
Taxa Dry 2015 Wet season Dry 2016 Dry 2015 Wet season Dry 2016
Density (SD) Rel % Density (SD) Rel % Density (SD) Rel %  Density (SD) Rel % Density (SD) Rel % Density (SD) Rel %
Magelonidae P $ 1202 (918) 47.8  619.8(593.9) 52.1 253.5(426.2) 35.6 885.4(675.8) 47.9 576.4(655.9) 58.0 270.8 (282.7) 433

Spionidae P 64.6 (1482) 2.6  1.7(14.7) 01  69(29) 1.0 52.1(87) 28  104(62.1) 1.0 13.9(49.8) 22
Sternaspidac P$ 800 (868.2)  31.8  288.2(432.8) 242  66(121.3) 93 360.4 (387.9) 19.5 158(229.8) 159  41.7(79.1) 6.7
Cossuridae P 4.2 (22.6) 02  6.9(28.8) 0.6  20.8(70) 2.9 125(37.8) 07  174(60.5) 1.7 13.9(49.8) 22
Nereididae P 292(962.5) 12  6.9(28.8) 06  34.7(97) 4.9 58.3(106.6) 32  8.7(32) 09  3.5(20.8) 0.6
Capitellidae P$  112.5(192.1) 4.5  955(2284) 8.0  163.2(233) 229 137.511.8) 74  851(177.8) 8.6  97.2(140.5) 156
Goniadidae P $ 108.3 (140.9) 43  712(86.1) 6.0  347(64.1) 49 95.8(128.9) 52  50.4(954) 5.1 66 (101.3)  10.6
Pilargidae P 16.7(429) 0.7  156(51.1) 13  313(754) 44 188(644) 1.0  69(288) 0.7 13.9(49.8) 2.2
Paraonidae P $ 62.5(101.6) 2.5  122(52.1) 1.0  0.0(0.0) 0.0 1458 (167.8) 7.9  29.5(574) 3.0  0.0(0.0) 0.0
Cirratulidae P 2.1(16.1) 0.1 1.7 (14.8) 0.1  0.0(0.0) 0.0 104(418) 06 52(252) 05 3.5 (20.8) 0.6
Lumbrineridae P 18.8 (68.4) 0.7 0.0 (0.0) 00  0.0(0.0) 0.0 2.1(16.1) 0.1  0.0(0.0) 0.0  0.0(0.0) 0.0
Amphinomidaec P 0.0 (0.0) 00  0.0(0.0) 00  0.0(0.0) 0.0 2.1(16.1) 0.1  0.0(0.0) 00  0.0(0.0) 0.0
Scalibregmatidac P 18.8 (45) 07  156(553) 13 35(208) 0.5 2.1(16.1) 0.1  0.0(0.0) 00  0.0(0.0) 0.0
Phyllodocidac P 18.8(60.1) 0.7  3.5(20.7) 03 0.0(0.0) 0.0 8.3 (31.4) 0.5  0.0(0.0) 00  0.0(0.0) 0.0
Sabellidae P 0.0 (0.0) 00  0.0(0.0) 00  3.5(20.8) 0.5 0.0 (0.0) 0.0  0.0(0.0) 0.0 13.9(833) 22
Sabellariidae P 0.0 (0.0) 0.0  0.0(0.0) 00  0.0(0.0) 0.0 0.0 (0.0) 0.0  0.0(0.0) 00  3.5(20.8) 0.6
Oligochaete O 0.0 (0.0) 0.0  0.0(0.0) 00  41.7(1268) 59 0.0 (0.0) 0.0  0.0(0.0) 00  48.6(153.2) 78
Gammaridae C 2.1 (16.1) 0.1  0.0(0.0) 00  0.0(0.0) 0.0 8.3 (31.4) 0.5  0.0(0.0) 0.0  0.0(0.0) 0.0
Ocypoddidae C 4.2 (22.6) 02  52(328) 04  174(53.1) 24 2.1(16.1) 01 35207 03 0.0 (0.0) 0.0
Atyidae C 0.0 (0.0) 00  0.0(0.0) 00  0.0(0.0) 0.0 0.0 (0.0) 0.0  0.0(0.0) 00  3.5(20.8) 0.6
Penaeidae C 104(349) 04  0.0(0.0) 0.0  0.0(0.0) 0.0 2.1(16.1) 0.1  0.0(0.0) 00  0.0(0.0) 0.0
Cironalidae C 0.0 (0.0) 00  0.0(0.0) 00  104(625) L5 0.0 (0.0) 0.0  0.0(0.0) 00  0.0(0.0) 0.0
Alpheidae C 0.0 (0.0) 00  0.0(0.0) 00  0.0(0.0) 0.0 0.0 (0.0) 0.0  0.0(0.0) 00  3.5(20.8) 0.6
Cumacea C 0.0 (0.0) 0.0  0.0(0.0) 00  0.0(0.0) 0.0 0.0 (0.0) 0.0  0.0(0.0) 00  3.5(20.8) 0.6
Vitrinellidae M 0.0 (0.0) 0.0  0.0(0.0) 00  0.0(0.0) 0.0 0.0 (0.0) 00 104(749) 1.0  0.0(0.0) 0.0
Corbiculidae M 4.2 (22.6) 02  17.4(765) L5 104 (76.5) 15 0.0 (0.0) 00 104(457) 1.0  3.5(20.8) 0.6
Solecurtidae M 0.0 (0.0) 00  104(348) 09  3.5(20.8) 0.5 0.0 (0.0) 00 13.9(494) 14  69(29) 1.1
Mytilidae M 0.0 (0.0) 00  3.5(20.8) 03  3.5(20.8) 0.5 0.0 (0.0) 00 35207 03 0.0 (0.0) 0.0
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Nuculidae M 6.3 (27.5) 02  0.0(0.0) 0.0  0.0(0.0) 0.0 2.1(16.1) 0.1  0.0(0.0) 0.0 0.0 (0.0) 0.0

Tellinidae M 14.6 (46.6) 0.6  6.9(35.7) 06  0.0(0.0) 0.0 14.6 (40.5) 0.8  3.5(20.8) 04  0.0(0.0) 0.0
Nemertea 125(59.6) 0.5  6.9(35.7) 06  6.9(29) 1.0 25 (55.4) 14 0.0(0.0) 0.0 13.9(65.3) 22
Sipuncula 0.0 (0.0) 0.0 0.0(0.0) 00  0.0(0.0) 0.0 4.2 (22.6) 02 0.0(0.0) 0.0  0.0(0.0) 0.0

1031

1032 Table 3. Distance-based linear model (DistLM) of Bray-Curtis similarities on macrofaunal assemblages and sedimentary properties (Mud content, Total organic content, Calcium
1033 carbonate, Chlorophyll-a and Pheopigments) between dry and wet seasons of 2015 and dry season of 2016 in the Piraqué-A¢tu-Mirim estuary. Bold = p significant.

n=3 SS(trace) Pseudo-F )4 Prop.
Mud content 13629 13.392 0.001 0.10853
Total organic content 1827.6 1.6247 0.135 1.46E-02
Calcium carbonate 1390 1.2313 0.278 1.11E-02
Chlorophyll-a 2007 1.7867 0.095 1.60E-02
Pheopigments 1442.2 1.2781 0.259 1.15E-02
res.df: 110
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Table 4. Best correlations of macrofaunal assemblages and sedimentary properties (Mud content, Total
organic content, Calcium carbonate, Chlorophyll-a and Pheopigments) in the Piraqué-A¢i-Mirim estuary.
Pw - Weighted Spearman coefficients. Mud = Mud content, TOC = Total organic content, CaCO3 = Calcium
carbonate, Chl-a = Chlorophyll-a and Pheo = Pheopigments.

No. of variables Pw Variables
1 0.107 Mud
2 0.103 Mud, CaCO3
3 0.066 Mud, TOC, CaCO3
3 0.061 Mud, CaCO3, Chl-a
1 0.049 CaCO3
2 0.047 Mud, TOC
2 0.04 Mud, Chl-a
3 0.038 Mud, CaCO3, Pheo
2 0.033 Mud, Pheo
4 0.032 Mud, TOC, CaCO3, Chl-a
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Table 5. Sites, country and duration of the monitoring program with drought events in estuaries compared to Piraqué-Ac¢t-Mirim estuary. Total = Total sampling events.

Sites Contry Duration of the monitiring Total  Benthic invertebrate References
Guadalupe estuary United States 2 years, 3 months first and 2 second year 5 Macrofauna Montagna and Kalke 1992
Guadalupe estuary United States 2 years, 3 months first and 2 second year 5 Meiofauna Montagna and Kalke 1992
Nueces estuary United States 2 years, 3 months first and 2 second year 5 Macrofauna Montagna and Kalke 1992
Nueces estuary United States 2 years, 3 months first and 2 second year 5 Meiofauna Montagna and Kalke 1992
Nueces estuary United States 5 years, 4 months/year 20 Macrofauna Montagna et. al. 2002
Nueces estuary United States 5 years, 4 months/year 20 Meiofauna Montagna et. al. 2002
Nueces estuary United States 8 weeks - Macrofauna Ritter et al., 2005
Nueces estuary United States 30 years, 1968-1970 and 1997-1998 10 Macoma spp. Bishop et al., 2006
Nueces estuary United States Over 14 years 25-114 Macrofauna Montagna et. al. 2009
E:&ﬁ?comrado United States ~20 years, Quarterly from April 1988 to October 2008 139 Macrofauna Pollack et al., 2011
Lavaca-Colorado estuary United States >15 years, montly ~180  Macrofauna Montagna and Palmer 2012
Lavaca-Colorado estuary United States >15 years, montly ~180  Epifauna Montagna and Palmer 2012
Guadalupe estuary United States >15 years, montly ~180  Macrofauna Montagna and Palmer 2012
Guadalupe estuary United States >15 years, montly ~180  Epifauna Montagna and Palmer 2012
Nueces estuary United States >15 years, montly ~180  Macrofauna Montagna and Palmer 2012
Nueces estuary United States >15 years, montly ~180  Epifauna Montagna and Palmer 2012
Nueces Estuary United States 2 years, different sampling - Macrofauna Montagna et. al. 2015
Nueces Estuary United States 2 years, different sampling - Epifauna Montagna et. al. 2015
Lavaca-Colorado estuary United States >15 years, between 1987 and 2009 - Macrofauna Palmer and Montagna 2015
Guadalupe estuary United States >15 years, between 1987 and 2009 - Macrofauna Palmer and Montagna 2015
Nueces estuary United States >15 years, between 1987 and 2009 - Macrofauna Palmer and Montagna 2015
Caloosahatchee Estuary ~ United States 10 years, February 1986 to April 1989, and October 1994 to - Macrofauna Palmer et al., 2015
December 1995
Gulf of Lion France ;rf)(r)nyf ggii '5109?3’829;16119(1’ ig;g’ t3)91795§ 61 976 and then every year 12 Polychaets Salen-Picard and Arlhac 2002
Rhone river delta France 3 years, 3 months/year 12 Macrofauna Salen-Picard ef al., 2003
Mondego estuary Portugal >10 years, fortnightly in first 18 months, monthly thereafter ~130  Macrofauna Dolbeth et al., 2007
Mondego estuary Portugal ]1)3e(}:/:r?1r§’egzlz)t(l)gg,yrrl12r91t3hlt; January 1997, and January 1999 to ~130  Hydrobia ulvae Cardoso et al., 2008
Mondego estuary Portugal >15 years, January 1993 to September 1995; March 1999 to ~150  AmphipodS Grilo et al., 2009

November 2008, first 18 monthsfortnightly and monthly
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thereafter
8 years, spring tide of 1990, 1992, 1998, 2000, 2002, 2004 to

Mondego estuary Portugal 2006 - Macrofauna Neto et al., 2010
Mondego estuary Portugal 14 years, fortnightly/first 18 months and monthly thereafter 186 Macrofauna Dolbeth ef al., 2011

>15 years, January 1993 to September 1995; March 1999 to
Mondego estuary Portugal November 2008, first 18 months fortnightly and monthly ~150  Macrofauna Grilo et al., 2011

thereafter
Mondego estuary Portugal 5 year, 2004 to 2008 - Macrofauna Verissimo et al., 2012
Mondego estuary Portugal 5 year, 2004 to 2008 - Macrofauna Verissimo et al., 2013
Mondego estuary Portugal ir(it?/le;(r)sszebruary 1993 to June 1994 (fortnightly) and monthly 137 Macrofauna Dolbeth et al., 2014
Mondego estuary Portugal 7 years, monthly from January 1999 to December 2005 84 Scrobicularia plana  Verdelhos et al., 2014
Guadalquivir estuary Spain 2 years, monthly from May 1997 to April 1999 24 Hyperbenthos Drake et al., 2002
Guadalquivir estuary Spain 9 years, monthly from May 1997 to January 2005 24 Shrimps g}(;) (;1 6Z dlez-Ortegon et al.,
Guadalquivir river basin  Spain 12 years, monthly 140 Macrofauna g}(;) ln 52 dlez-Ortegén et al.,
Hawkesbury estuary Australia 2 years, 3-4 months/year 7 Macrofauna Jones 1990
Brunswick estuary Australia 2 years, December 2000 to December 2002, sampled 1-2 months 16 Macrofauna Eyre and Ferguson 2005
Brunswick estuary Australia 2 years, December 2000 to December 2002, sampled 1-2 months 16 Meiofauna Eyre and Ferguson 2005
Hopkins river estuary Australia 2 years, 3 times in 1997 and 1 in 1998 4 Soletellina alba Matthews 2006
Coorong lagoons Australia 10 years, 1 sample/years 10 Macrofauna Dittmann et al., 2015
Murray Mouth Australia 10 years, 1 sample/years 10 Macrofauna Dittmann ef al., 2015
Nhlabane estuary South Africa 3 years, 1 sample at intervals of three months 12 Macrofauna Mackay and Cyrus 2001
Siyaya estuary South Africa 3 years, 1 sample at intervals of three months 12 Macrofauna Mackay and Cyrus 2001
Santa Lucia estuary South Africa 1 year, 4 months 4 Macrofauna Pillay and Perissinotto 2008
Santa Lucia estuary South Africa 2 year, 4 months 5 Meiofauna Pillay and Perissinotto 2009
Santa Lucia estuary South Africa 5 years, 2 months/year, 1 sample in 2004 and 2005 8 Macrofauna MacKay ef al., 2010
Santa Lucia estuary South Africa  Laboratory experiment with estuarine water - Solen cylindraceus  Nel et al., 2011
Santa Lucia estuary South Africa 3 years, quarterly from August 2006 to May 2008 7 Meiofauna 2B(()) lV\énes and Perissinotto
Santa Lucia estuary South Africa 4 years - Macrofauna Pillay and Perissinotto 2013
Piraque-Agt-Mirim Brazil 1.5 years, 14 months, monthly 14 Macrofauna This study

estuary
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1042 Figure captions
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1044 Figure 1. Map of the Piraqué-Ag¢u-Mirim estuary indicating the locations of sampling sites.
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1046  Figure 2. Upper: Mean annual rainfall from 1948 to 2016 (ANA and UFES weather stations; 1948 to 2016)
1047 at Piraqué-A¢u-Mirim estuary; and Bottom: monthly total rainfall during this study (ANA and UFES
1048 weather stations; 2015-2016) and background information (ANA weather stations; 1948 to 2014) from
1049  Piraqué-Ag¢i-Mirim. Estuary.
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Fora dos dados de salinidade da zona euhalina!!!
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Figure 3. Spring and neap tides salinity in the monitoring days of Dry and Wet seasons of 2015 and Dry season of 2016 seasons in euhaline and polyhaline zones at Piraqué-

Acu-Mirim estuary. Monitoring days at Euhaline zones (40 days Dry season of 2015 (6d), Wet season of 2015 (24d) and Dry season of 2016 (10d)); and Polyhaline zones (35
days; Dry season of 2015 (5d), Wet season of 2015 (22d) and Dry season of 2016 (8d)).
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 Fora dos dados de salinidade da zona euhalina!!!
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Figure 4. Spring and neap tides temperature (°C) in the monitoring days of Dry and Wet seasons of 2015 and Dry season of 2016 seasons in euhaline and polyhaline zones at
Piraqué-Aci-Mirim estuary. Monitoring days at Euhaline zones (40 days Dry season of 2015 (6d), Wet season of 2015 (24d) and Dry season of 2016 (10d)); and Polyhaline
zones (35 days; Dry season of 2015 (5d), Wet season of 2015 (22d) and Dry season of 2016 (8d)).
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Figure 6. Non-metric multidimensional scaling (MDS) plot of macrofaunal assemblages in euhaline and polyhaline zones
at Piraqué-Ag¢u-Mirim estuary.
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Figure 7. Distance-based linear model plot (dbRDA) using the sedimentary properties to explain macrofaunal
assemblages changes in Piraqué-Ag¢u-Mirim estuary. Mud = Mud content, TOC = Total organic content, CaCO3 =
Calcium carbonate, Chl-a = Chlorophyll-a and Pheo = Pheopigments.
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III. CONCLUSAO

Nossos resultados corroboram que a temperatura influencia mudangas em assembleias
bentonicas durante eventos de seca. No estudrio do Piraqué-Ac¢i-Mirim temperatura da agua
influenciou a estrutura da macrofaunal bentdnica (riqueza S e Pielou J”), e alteracdes da composi¢do

dos taxons das assembleias bentonicas (Phyllodocidae and Cirratulidae);

Globalmente s3o escassos 0s monitoramentos estuarinos, especialmente nos paises
subdesenvolvidos e em desenvolvimento. Este monitoramento ¢ um dos estudos mais extensos ja
realizados nos estudrios brasileiros, totalizando 14 meses de monitoramento, proporcionando um
avanco significativo na compreensdo das oscilagdes climaticas naturais em assembleias bentonicas em

estuarios do leste brasileiro;

Ressaltamos a necessidade de monitoramentos de longa duragdo, como os aqui exemplificados
(> 10 anos), para entender as respostas estuarinas aos efeitos de seca e inundacdo. Este conhecimento
possibilitara melhor gerir estuarios importantes, como Piraqué-Ag¢u-Mirim e as baias de Todos os
Santos e Paranagud, frente as previsdes de aumento da intensidade e frequéncia de secas durante as

mudancas climaticas no século atual.
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V. Anexos

Em anexos sdo apresentadas as normas de submissao da Revista “Marine Environmental Research”.

47



TABLE OF CONTENTS - —

Marine

° Description p.1 Epvironmantal

° Audience p.-1 e

[ Impact Factor p-1 ~ £

° Abstracting and Indexing p.2

° Editorial Board p.2 —

° Guide for Authors p-3 S
ISSN: 0141-1136

DESCRIPTION

Marine Environmental Research publishes original research papers on chemical, physical, and
biological interactions in the oceans and coastal waters. The journal serves as a forum for new
information on biology, chemistry, and toxicology and syntheses that advance understanding of
marine environmental processes.

Submission of multidisciplinary studies is encouraged. Studies that utilize experimental approaches to
clarify the roles of anthropogenic and natural causes of changes in marine ecosystems are especially
welcome, as are those studies that represent new developments of a theoretical or conceptual aspect
of marine science. All papers published in this journal are reviewed by qualified peers prior to
acceptance and publication. Examples of topics considered to be appropriate for the journal include,
but are not limited to, the following:

- The extent, persistence, and consequences of change and the recovery from such change in natural
marine systems

- The biochemical, physiological, and ecological consequences of contaminants to marine organisms
and ecosystems

- The biogeochemistry of naturally occurring and anthropogenic substances

- Models that describe and predict the above processes

- Monitoring studies, to the extent that their results provide new information on functional processes
- Methodological papers describing improved quantitative techniques for the marine sciences.

AUDIENCE

Marine scientists, fisheries research workers, ecologists, biologists.

IMPACT FACTOR

2015: 2.769 © Thomson Reuters Journal Citation Reports 2016

AUTHOR INFORMATION PACK 19 Mar 2017 www.elsevier.com/locate/marenvrev 1


http://ees.elsevier.com/mere/

ABSTRACTING AND INDEXING

Aquatic Sciences and Fisheries Abstracts
Chemical Abstracts

Current Contents

Marine Literature Review

Marine Science Contents Tables
EMBASE

Energy Information Abstracts
Engineering Index

Environmental Abstracts
Environmental Periodicals Bibliography
GEOBASE

GeoSciTech

Oceanographic Literature Review
Petroleum Abstracts

Science Citation Index

Scopus

EMBiology

EDITORIAL BOARD

Editors

F. Regoli, Universita Politecnica delle Marche, Ancona, Italy
I. Sokolova, Universitat Rostock, Rostock, Germany

Honorary Editor

R.B. Spies, Applied Marine Sciences, Little River, California, USA
J. Widdows, Plymouth Marine Laboratory, Plymouth, UK

Editorial Board

A. Arukwe, Norwegian University of Science & Technology NTNU, Trondheim, Norway
J. Blasco, Instituto de Ciencias Marinas de Andalucia (CSIC), Puerto Real (Cadiz), Spain
K.M. Chan, The Chinese University of Hong Kong, Hong Kong, China

G.T. Chandler, University of South Carolina, Columbia, South Carolina, USA

N.S. Fisher, Stony Brook University, Stony Brook, New York, USA

V.E. Forbes, University of Nebraska at Lincoln, Lincoln, Nebraska, USA

A. Goksgyr, University of Bergen, Bergen, Norway

M. Holmer, University of Southern Denmark, Odense M, Denmark

K. Hylland, University of Oslo, Blindern, Oslo, Norway

A. Kbhler-Giinther, Biologische Anstalt Helgoland, Hamburg, Germany

J.-S. Lee, Sungkyunkwan University (SKKU), Suwon, South Korea

B.P. Lyons, CEFAS, Weymouth, Dorset, UK

L.M. Mayer, University of Maine, Maine, Maine, USA

M.N. Moore, Plymouth Marine Laboratory, Plymouth, UK

A. Pérez-Ruzafa, Universidad de Murcia, Murcia, Spain

A. Pusceddu, Universita di Cagliari, Cagliari, Italy

P.S. Rainbow, Natural History Museum, London, UK

J.W. Rijstenbil, AE3 Consultancy, Yerseke, Netherlands

G. Roesijadi, Pacific Northwest National Laboratory, Sequim, Washington, USA

R. Santos, Universidade do Algarve, Faro, Portugal

D. Schiedek, Aarhus University, Roskilde, Denmark

D. Schlenk, University of California at Riverside, Riverside, California, USA

J.J. Stegeman, Woods Hole Oceanographic Institution, Woods Hole, Massachusetts, USA
S. Tanabe, Ehime University, Matsuyama, Japan

R. Unsworth, University of Glamorgan, Pontypridd, UK

A. Viarengo, Universita degli Studi del Piemonte Orientale, Alessandria, Italy

I. Wirgin, New York University (NYU) School of Medicine, Tuxedo, New York, USA

AUTHOR INFORMATION PACK 19 Mar 2017 www.elsevier.com/locate/marenvrev



GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

Marine Environmental Research publishes original research papers on chemical, physical and
biological interactions in the oceans and coastal waters. The journal serves as a forum for new
information on biology, chemistry, and toxicology and syntheses that advance understanding of
marine environmental processes. Submission of multidisciplinary studies is encouraged. Studies that
utilise experimental approaches to clarify the roles of anthropogenic and natural causes of changes
marine ecosystems are especially welcome, as are those studies that represent new developments of
a theoretical or conceptual aspect of marine science. All papers published in this journal are reviewed
by qualified peers prior to acceptance and publication.

Research papers; Review Articles; Book Reviews; Conference and Meeting Papers, Short
Communications; Letters to the Editors

Authors may send queries concerning the submission process, manuscript status, or journal
procedures to the Editorial Office.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

¢ Relevant declarations of interest have been made

¢ Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

AUTHOR INFORMATION PACK 19 Mar 2017 www.elsevier.com/locate/marenvrev 3


http://service.elsevier.com/app/home/supporthub/publishing/
http://www.elsevier.com/publishingethics
http://www.elsevier.com/journal-authors/ethics

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. More
information.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.

Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be
described. The statement that all authors have approved the final article should be true and included
in the disclosure.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

Author rights

AUTHOR INFORMATION PACK 19 Mar 2017 www.elsevier.com/locate/marenvrev 4


http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
http://www.elsevier.com/authors/journal-authors/policies-and-ethics
http://www.elsevier.com/editors/plagdetect
http://www.elsevier.com/authors/article-transfer-service
http://www.elsevier.com/copyright
http://www.elsevier.com/permissions
http://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
http://www.elsevier.com/about/company-information/policies/copyright
http://www.elsevier.com/openaccesslicenses

As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

This journal offers authors a choice in publishing their research:

Open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse.

e An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

e No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 24 months.

AUTHOR INFORMATION PACK 19 Mar 2017 www.elsevier.com/locate/marenvrev 5


http://www.elsevier.com/copyright
http://www.elsevier.com/copyright
http://www.elsevier.com/sharing-articles
http://www.elsevier.com/about/open-science/open-access/agreements
http://www.elsevier.com/access
http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/openaccesslicenses
http://elsevier.com/greenopenaccess
http://www.elsevier.com/about/open-science/open-access/journal-embargo-finder/

Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering free
lectures, interactive training and professional advice to support you in publishing your research. The
College of Skills training offers modules on how to prepare, write and structure your article and
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to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
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References
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If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.
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case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
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e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic nhumerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself. The
abstract should be 100-150 words in length.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Immediately after the abstract, provide 6-10 keywords which describe the scope of the
article. At least 3 of these must be selected from the list of suggested keywords
http://www.elsevier.com/__data/promis_misc/405865kwd.pdf. Where relevant these should include
the main species concerned, the geographical area and the contaminant.

Define abbreviations that are not standard in this field at their first occurrence in the article: in the
abstract but also in the main text after it. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:
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This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Follow internationally accepted rules and conventions: use the international system of units (SI).
If, in certain instances, it is necessary to quote other units, these should be added in parentheses.
Temperatures should be given in degrees Celsius. The unit "billion" (109 in America, 1012 in Europe)
is ambiguous and must not be used.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.
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Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
SO you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such
citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/marine-environmental-research

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.
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Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by "et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995). Kramer et al.
(2000) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters "a", "b", "c", etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2000. The art of writing a scientific article. Journal
of Scientific Communication 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of your article, in: Jones, B.S,,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to Mendeley Data:

Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt disease
and surrounding forest compositions. Mendeley Data, v1. http://dx.doi.org/10.17632/xwj98nb39r.1.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum size
of 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed instructions please
visit our video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
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submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that give them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

KML (Keyhole Markup Language) files (optional): You can enrich your online articles by providing
KML or KMZ files which will be visualized using Google maps. The KML or KMZ files can be uploaded
in our online submission system. KML is an XML schema for expressing geographic annotation and
visualization within Internet-based Earth browsers. Elsevier will generate Google Maps from the
submitted KML files and include these in the article when published online. Submitted KML files will
also be available for downloading from your online article on ScienceDirect. More information.

This journal features the Interactive MATLAB Figure Viewer, allowing you to display figures created in
MATLAB in the .FIG format in an interactive viewer next to the article. More information and submission
instructions.

This journal enables you to show an Interactive Plot with your article by simply submitting a data
file. Full instructions.

The manuscript must have page-and line numbers included. The size of the manuscript should not
exceed 10,000 words or 20 printed pages.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
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stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co-authors may order offprints at any
time via Elsevier's Webshop. Corresponding authors who have published their article open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

Contributors to Elsevier journals are entitled to a 30% discount on most Elsevier books, if ordered
directly from Elsevier.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2014 Elsevier | http://www.elsevier.com
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