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Fragmento da Carta do Cacique Seattle

“... Ensina a teus filhos o que temos ensinado aos nossos: a terra é nossa mae.
Tudo quanto fere a terra - fere os filhos da terra. Se os homens cospem no
chao, cospem sobre eles proprios. De uma coisa sabemos: A terra ndo pertence
ao homem, é o homem que pertence a terra, disso temos certeza. Todas as
coisas estdo interligadas, como o sangue que une uma familia. Tudo esta
relacionado entre si. Tudo quanto agride a terra, agride os filhos da terra. Nio
foi 0 homem quem teceu a trama da vida: ele é meramente um fio da mesma.

Tudo o que ele fizer a trama, a si proprio fara ...”

(Trecho Atribuido ao Pronunciamento do Cacique Indigena Seattle ao
presidente norte-americano Franklin Pierce, 1854).
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RESUMO

Os ecossistemas estuarinos enfrentam crescente pressao devido as mudangas climaticas, que
intensificam disturbios ambientais associados a processos continentais, atmosféricos e oceanicos.
Alteragdes na hidrodindmica dos estudrios, em escalas espaciais e temporais, desestabilizam
comunidades ecoldgicas. Fendmenos climaticos, como o El Nisio Oscilagdo Sul (ENOS),
amplificam esses efeitos, gerando impactos negativos em ecossistemas ¢ nas comunidades que
deles dependem. As espécies estuarino-residentes, que utilizam esses habitats ao longo de todo o
ciclo de vida, sdao particularmente vulneraveis, enfrentando desafios crescentes para assegurar a
manutengdo das suas populagdes. Baseando se em 22 anos de dados mensais de abundancia de
espécies residentes do Estuario da Lagoa dos Patos (ELP), este estudo analisa a abundancia de
trés espécies (Atherinella brasiliensis, Jenynsia lineata, Ctenogobius shufeldti) com atributos
funcionais distintos (relacionados a estratégia reprodutiva, alimentacao e uso da coluna d’agua) e
suas relagdes com fatores ambientais regionais e locais. Investigamos as seguintes hipoteses: (i)
ha uma tendéncia de declinio a longo prazo na abundancia das espécies estuarinas residentes; (ii)
as reducdes na abundancia estdo associadas a eventos de E/ Nisio; (iii) a abundancia de espécies
com diferentes tragos funcionais responde de forma semelhante aos efeitos dos eventos de El
Nifio. Utilizamos modelos lineares generalizados para analisar as variagdes na abundancia em
relagcdo aos fatores ambientais regionais e locais. A andlise revelou um declinio na abundancia de
todas as trés espécies estuarino-residentes, relacionado aos fatores locais, regionais e variacdes
climaticas, apesar das diferengas em seus atributos funcionais. Modelos lineares generalizados
mostraram que os eventos de E/ Nijio impactam as espécies de maneiras distintas, com efeitos
mais pronunciados em espécies oviparas (4. brasiliensis e C. shufeldti) em comparacdo com
espécies viviparas (J. lineata). Esses resultados fornecem evidéncias empiricas do declinio na
abundancia de peixes residentes no ELP ao longo da série temporal de dados analisada,
independentemente de seus tragos funcionais distintos. Essa tendéncia de acarreta preocupacdes
sobre a conservacao das fungdes ecologicas e dos servigos ecossistémicos de espécies de peixes
estuarino-residentes em estuarios subtropicais sob crescentes pressoes antropogénicas e

climaticas.

Palavras-chave: Impactos climaticos, E/ Nifio, peixes estuarino-residentes, estuario da Lagoa dos

Patos, Pesquisas Ecologicas de Longa Duraciao (PELD)



ABSTRACT

Estuarine ecosystems face increasing pressure due to climate change, which intensifies
environmental disturbances associated with continental, atmospheric, and oceanic processes.
Changes in estuarine hydrodynamics, on spatial and temporal scales, destabilize ecological
communities. Climatic phenomena, such as the EIl Nisio Southern Oscillation (ENSO), amplify
these effects, generating negative impacts on ecosystems and the communities that depend on
them. Estuarine-resident species, which use these habitats throughout their life cycles, are
particularly vulnerable, facing growing challenges to maintain their populations. Based on 22
years of monthly abundance data of resident species from the Patos Lagoon Estuary (PLE), this
study analyzes the abundance of three species (Atherinella brasiliensis, Jenynsia lineata,
Ctenogobius shufeldti) with distinct functional attributes (related to reproductive strategy,
feeding, and water column usage) and their relationships with regional and local environmental
factors. We investigated the following hypotheses: (i) there is a long-term declining trend in the
abundance of estuarine-resident species; (ii) reductions in abundance are associated with El Nirio
events; (iii) the abundance of species with different functional traits responds similarly to the
effects of El Nirio events. Generalized linear models were used to analyze variations in
abundance concerning regional and local environmental factors. The analysis revealed a decline
in the abundance of all three estuarine-resident species, related to local, regional, and climatic
variations, despite differences in their functional attributes. Generalized linear models showed
that £l Nirio events impact species in distinct ways, with more pronounced effects on oviparous
species (A. brasiliensis and C. shufeldti) compared to viviparous species (J. lineata). These
results provide empirical evidence of the decline in resident fish abundance in the PLE over the
analyzed data series, regardless of their distinct functional traits. This trend raises concerns about
the conservation of ecological functions and ecosystem services provided by estuarine-resident

fish species in subtropical estuaries under increasing anthropogenic and climatic pressures.

Key-words: Climatic impacts, estuarine-resident fish, E/ Nisio, Patos Lagoon estuary, Brazilian

Long-Term Ecological Research (B-LTER)



APRESENTACAO

Essa dissertacdo esta dividida em trés segmentos. O primeiro é referente a introdugdo
geral do tema de pesquisa proposto acompanhada pelas referéncias bibliograficas, formatadas
seguindo as normas da ABNT. O segundo segmento ¢ representado pelo capitulo 1 (redigido e
organizado na forma de um manuscrito cientifico) que trata sobre a variabilidade espaco-temporal
(1997-2019) de peixes estuarino-residentes com atributos funcionais distintos e suas relagdes com
fatores ambientais e climaticos, o qual esta formatado seguindo as normas da revista Marine
Environment Research. O terceiro segmento contém as consideragdes finais do trabalho e suas

referéncias bibliograficas, formatadas seguindo as normas da ABNT.
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INTRODUCAO GERAL

Impactos da variabilidade ambiental sobre peixes estuarinos

Os estuarios estdo entre os ecossistemas aquaticos mais produtivos do mundo e sao
fundamentais para muitas espécies em diferentes estagios de seus ciclos de vida (Costanza et al.,
1997; Beck et al., 2001). Esses ambientes de transicao entre o continente e o oceano (Delpech et
al., 2010; Potter et al., 2015) fornecem abrigo, areas de alimentagdo e locais de reprodugdo, além
de oferecerem servigos ecossistémicos essenciais para varias espécies (Barbier et al., 2011; Day et
al., 2012; Warry et al., 2016; Thrush et al., 2025). Um dos grupos taxondmicos que depende desse
ecossistema sdo os peixes estuarino-residentes, que completam todo o seu ciclo bioldgico dentro

do estuario (Kemp & Crump, 1990; Seeliger, 2001).

Diversos esfor¢os vém sendo desenvolvidos para avaliar o estado ecoldgico dos estuarios
(Ley, 2005; Delpech et al., 2010; Nicolas et al., 2010), a diversidade e a composicdo da
comunidade de peixes, conjuntamente com a dinamica populacional da ictiofauna. Além disso, a
ictiofauna estuarina tem sido usada como ferramentas para quantificar as fungdes ecoldgicas dos

estuarios (Whitfield & Elliott, 2002; Delpech et al., 2010; Priya et al., 2023; Janc et al., 2024).

Os ecossistemas estuarinos estao sujeitos a impactos de processos continentais, atmosféricos e
oceanograficos, que modificam suas dinamicas hidrolégicas em diferentes escalas espaciais e
temporais (Wolfe, 1996; Silva et al., 2018). A variabilidade climatica pode induzir mudangas nos
padrdes de vento e precipitacdo, além de aumentar a frequéncia de fendmenos naturais, como o E/
Nirio Oscilagao Sul (ENOS) (Cai et al., 2014; Freund et al., 2019). No extremo sudoeste do
Oceano Atlantico, os sistemas costeiros estdo fortemente influenciados pelos impactos climaticos
do ENOS, especialmente o excesso de chuva associado a sua fase quente (E/ Nifio) € o
consequente aumento da descarga continental (Robertson & Mechoso, 1998; Grimm et al., 2000).
Esses processos causam impactos significativos nos sistemas ecoldgicos, na biota estuarina
(Garcia et al., 2001; Odebrecht, 2001; Odebrecht et al., 2017; Possamai et al., 2018) o que,
consequentemente, gera impactos socioecondémicos em escala global (Glantz, 2000; Anderson et

al., 2019).

O aumento continuo das pressdes antropogénicas, combinado com eventos climaticos, pode
gerar efeitos sinérgicos que aceleram a degradacdo ambiental nos estudrios, resultando
potencialmente na reduc¢do da diversidade e da abundancia de espécies. Esses impactos sdao
particularmente evidentes em espécies residentes, ou seja, espécies que completam seu ciclo de

vida nesses sistemas costeiros (Whitfield & Elliott, 2002; Potts et al., 2015; Whitfield, 2021).
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As respostas de longo prazo das espécies residentes as variagdes locais dos estuarios e as
mudangas climdticas sdo complexas, destacando a importincia de estudos adicionais para

compreender melhor esses efeitos (Whitfield & Elliott, 2002).

Pesquisas recentes tém ressaltado a relevancia de considerar os tracos funcionais das
espécies ao avaliar suas respostas aos impactos ambientais e das mudancas climaticas (Mouillot et
al., 2013; Villéger et al., 2017). Tracos funcionais sdo caracteristicas morfologicas, fisioldgicas ou
fenologicas mensuradas em nivel individual (Violle et al., 2007), com potencial para conectar os
papéis desempenhados pelos organismos as fungdes do ecossistema (Villéger et al., 2017,
Esmaeili et al., 2021). Por exemplo, os tracos funcionais relacionados a reprodug¢do, habitat e
alimentagdo sdo essenciais para compreender as interagdes das espécies com o ambiente, sua
resposta as mudancas climaticas e seu papel ecoldgico. Os tracos reprodutivos, ajudam a
identificar estratégias de persisténcia populacional e sua resiliéncia a disturbios ambientais
(Manna et al., 2013). Os tragos funcionais relacionados ao uso do habitat fornecem informagdes
sobre a distribuigdo das espécies e sua adaptagdo a diferentes condigdes ambientais, sendo
cruciais para o desenvolvimento de estratégias de conservagdo e manejo (Marsh-Matthews &
Matthews, 2000). Enquanto isso, os tragos alimentares sao essenciais para entender o papel das
espécies nas cadeias troficas, bem como nos fluxos de energia e nutrientes (Hooper et al., 2002).
Estudos sobre a influéncia de fatores ambientais e climaticos, como o E/ Nifio, em espécies de
peixes residentes em estuarios, t€ém se concentrado predominantemente na anélise da abundancia
(e.g., Garcia et al., 2004; Belarmino et al., 2022), sendo que a influéncia desses fendmenos em
espécies residentes com tracos funcionais distintos ainda ¢ pouco compreendida. Aprofundar essa
compreensdo ¢ crucial, considerando que eventos climéaticos extremos, como o El Nifio, estdo se
tornando mais frequentes e intensos em decorréncia do aquecimento global (Yeh et al., 2009; Cai
et al., 2015). Além disso, existe a preocupacao que eventos extremos podem exceder a capacidade
de adaptacdo dos organismos, mesmo em sistemas naturalmente bastante varidveis como o0s

estuarios (Wainger et al., 2017).
Peixes estuarino-residentes no estuario da Lagoa dos Patos (ELP)

Entre as espécies de peixes presentes em estudrios, os peixes estuarino-residentes, que
completam todo o seu ciclo de vida nesses ambientes (Mai & Possamai, 2018), constituem um
modelo biologico interessante para avaliar os efeitos de pressdes naturais sobre a biota estuarina.
Esses peixes apresentam diferentes tragos funcionais, como reproducdo, alimentagdao e uso do
habitat. A analise integrada desses tragos proporciona uma visdo abrangente da dindmica

ecoldgica, promovendo abordagens mais eficazes para a conservagdo € o manejo sustentavel

15



(Blondel, 2003; Manna et al., 2013). Entre as espécies de peixes residentes no estuario da Lagoa
dos Patos (ELP) estdo: o peixe-rei Atherinella brasiliensis (Quoy & Gaimard, 1825) (Figura 1a),
o barrigudinho Jenynsia lineata (Jenyns, 1842) (Figura 1b) e o gobideo Ctenogobius shufeldti
(Jordan & Eigenmann, 1887) (Figura 1c). O peixe-rei 4. brasiliensis comparado com outros
Atherininopsidae, pode ser considerada relativamente pequena (comprimento total maximo de 16
cm) (Bemvenuti, 1987; Barbien et al., 1990; Araugjo et al., 1998), ocorrendo desde a Venezuela
até as aguas costeiras do Sul do Brasil, comumente encontrada na boca de rios e aguas salobras
(Figueiredo & Menezes, 2003). O peixe-rei A. brasiliensis € uma das espécies mais frequentes e
abundantes nas zonas rasas (< 2m) do ELP (Chao et al., 1985; Vieira et al., 1997). Jenynsia
lineata ¢ uma espécie de pequeno porte (comprimento maximo de 7,7 cm (Contente et al., 2012) e
amplamente distribuida na bacia do rio Parand e em habitats costeiros do norte da Argentina,
Uruguai e sul do Brasil. Ctenogobius shufeldti ocorre do Sul do Brasil até a Carolina do Norte,
incluindo o Golfo do México, podendo alcancar até cerca de 4 cm (Bertaco et al., 2016). E uma
espécie de gobideo com preferencias por areas de marismas com baixa salinidade e regides
superiores (i.e., a montante) de estudrios, mas ocasionalmente pode ocorrer em baias abertas e
enseadas (Lee et al., 1980). Além disso, pode, ocasionalmente, adentrar aguas doces (Page e Burr,

2011).

Essas trés espécies estuarino-residentes exibem tracos funcionais distintos: A. brasiliensis
¢ onivora e ovipara, depositando ovos adesivos na vegetagdo; C. shufeldti ¢ zoobentivora, ovipara
e exibe cuidado parental; enquanto J. /ineata ¢ onivora e vivipara (Mai & Possamai, 2022). Essas
espécies também diferem no uso da coluna d’agua, sendo classificadas como peldgica, bentonica

e demersal, respectivamente (Fischer et al., 2004).

Atherinella brasiliensis Jenynsia lineata Ctenogobius shufeldti

Embora existam estudos que elucidem como os eventos de E/ Nirio podem afetar de maneira
significativa a abundancia e a composi¢do das comunidades de peixes ao longo do tempo, ainda
ha poucos estudos que analisam esses efeitos de forma detalhada sobre as especies estuarino-
residentes do ELP (Garcia et al., 2004; Belarmino et al., 2021; Gowert, 2022). Um estudo anterior

sobre a variabilidade na abundancia da espécie A. brasiliensis (Quoy & Gaimard, 1825)
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demonstrou que a diminui¢do da sua abundancia esteve associada as variacdes na salinidade,
causadas por maiores indices de descarga continental durante eventos intensos de EI Nirio
(Belarmino et al., 2021). De forma similar, também hé estudos para J. lineata (Jenyns, 1842)
demonstrando uma diminui¢do de sua abundancia relacionada a esses eventos (Garcia et al.,
2004). Em contrapartida, ndo ha estudos no ELP para C. shufeldti, mas ¢ plausivel supor que
valores elevados de descarga continental possam favorecer o aumento de sua abundancia (Jordan
& Eigenmann, 1887), pois trata-se de uma espécie adaptada a habitats rasos ¢ de baixa salinidade

em estudrios subtropicais do Atlantico Ocidental (Contente et al., 2012).

Além de influenciar a abundancia de espécies, algumas condi¢des ambientais, como
variagoes de salinidade, temperatura, turbidez e hidrodindmica, sdo reconhecidas como fatores
determinantes na morfologia e na ecologia das populagdes de peixes. Pressdes seletivas em
gradientes ambientais similares frequentemente resultam em convergéncia morfologica,
especialmente em aspectos relacionados a locomocdo (Haas et al., 2010; Theis et al., 2014;
Gaston & Lauer, 2015; Lauder, 2015) e a alimentagdo (Langerhans et al., 2004; Gomes &
Monteiro, 2008; Aragjo et al., 2014; Zanella et al., 2015). Esse paradigma ecomorfologico destaca
a relagdo entre a forma do corpo e os filtros seletivos impostos por gradientes ambientais
(Langerhans et al., 2004). Em estudrios, os fortes gradientes de salinidade, combinados com
rapidas mudangas em outros fatores ambientais, representam desafios fisiologicos e ecologicos

para os organismos residentes (Haedrich, 1983; Vieira & Musick, 1993).

Avangar o conhecimento dos efeitos do E/ Nirio sobre populagdes residentes que habitam
estuarios subtropicais do Atlantico Sudoeste pode contribuir para a compreensao de impactos das
mudangas climaticas nestes ambientes (Whitfield & Elliott, 2002; Booth et al., 2011; James et al.,
2013). Como mencionado anteriormente, eventos climaticos extremos como E/ Nifio pode tornar
se mais frequentes e intensos no futuro devido as mudangas climaticas (Yeh et al., 2009; Cai et
al., 2015). Portanto, ¢ essencial uma melhor compreensdo dos efeitos de eventos E/ Nirio de na

biota e ecossistemas costeiros.

Nesse contexto, este estudo tem como objetivo analisar tendéncias de longo prazo (1997—
2019) na abundancia de espécies residentes do estuario (4. brasiliensis, J. lineata, C. shufeldti)
com tracos funcionais distintos (em termos de estratégia reprodutiva, hébitos alimentares e uso da
coluna d’4gua) e suas relacdes com fatores ambientais locais, regionais e climaticos.
Especificamente, investigamos as seguintes hipdteses: (i) ha uma tendéncia de longo prazo de

declinio na abundancia de espécies residentes do estudrio; (ii) as redugdes em sua abundancia
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estdo associadas a eventos de E/ Nisio; e (iii) a abundancia de espécies com diferentes tracos

funcionais apresenta respostas similares aos efeitos dos eventos de El Nifio.

OBJETIVO GERAL

e Analisar a variabilidade temporal da abundéancia dos peixes estuarino-residentes Atherinella
brasiliensis, Jenynsia lineata e Ctenogobius shufeldti com atributos funcionais distintos (e.g.,
modos reprodutivos, héabitos alimentares, uso do micro-habitat) no estudrio da Lagoa dos

Patos e suas relagdes com fatores ambientais e climaticos.
OBJETIVOS ESPECIFICOS

e Determinar a tendéncia de longo-prazo na abundancia de espécies estuarino-residentes
Atherinella brasiliensis, Jenynsia lineata e Ctenogobius shufeldti no ELP

e Relacionar a variabilidade da abundancia de espécies estuarino-residentes com fatores
ambientais locais, regionais e climticos;

e Discutir possiveis diferencas nas flutuagdes na abundancia de espécies estuarino-residentes
com atributos funcionais distintos em termos de modos reprodutivos, habitos alimentares e
uso do micro-habitat (pelagico vs. demersal/bentonico) as perturbacdes causadas por eventos

El Niiio.
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ABSTRACT

Extreme climatic events, such as E/ Nirio, are becoming increasingly intense and
frequent, driving hydrodynamic changes in estuaries and significantly affecting their structure
and biodiversity. Using long-term data (22 years) obtained from standardized surveys, we
analyzed the abundance of three estuarine-resident species (Atherinella brasiliensis, Jenynsia
lineata, Ctenogobius shufeldti) with distinct functional traits (related to reproductive strategy,
feeding, and habitat use) and their relationships with local, regional, and climatic
environmental factors in a subtropical estuary. We investigated the following hypotheses: (i)
there is a long-term declining trend in the abundance of these estuarine-resident species; (ii)
reductions in their abundance are associated with El Nisio events; (iii) the abundance of
species with different functional traits responds similarly to the effects of £/ Nirio events. The
analysis revealed a consistent decline in the abundance of all three estuarine-resident species,
driven by local and regional factors and climatic variations, despite differences in their
functional traits. Generalized linear models showed that E/ Ni7io events impact species in
distinct ways, with more pronounced effects on oviparous species (4. brasiliensis and C.
shufeldti) compared to viviparous ones (J. lineata). These findings provide empirical evidence
of decadal changes decline in the abundance of estuarine-resident fishes regardless of their
distinct functional traits, raising concerns to the conservation of ecological functions and
ecosystem services in subtropical estuaries under increasing anthropogenic and climatic

pressures.

KEYWORDS: E!l Nifio, climatic impacts, Atherinella brasiliensis, Jenynsia lineata,
Ctenogobius shufeldti, Patos Lagoon estuary, B-LTER
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1. Introduction

Estuarine ecosystems are widely recognized for their high productive potential and are
fundamental to many species at different stages of their life cycles (Costanza et al., 1997;
Beck et al., 2001). These transitional environments between land and ocean (Delpech et al.,
2010; Potter et al., 2015) provide shelter, feeding grounds, and breeding sites, while also
delivering critical ecosystem services (Day et al., 2012; Warry et al., 2016). Estuaries are
increasingly vulnerable to anthropogenic impacts such as pollution, dredging, mining, and
urbanization, leading to significant alterations as loss habitat and degradation in these coastal

systems (Kennish, 1992; Ray, 2006; Andrades et al., 2020).

In addition, these ecosystems are subjected to impacts from continental, atmospheric,
and oceanic processes that alter their hydrological dynamics on various spatial and temporal
scales (Wolfe, 1996; Silva et al., 2018). Climate variability can induce shifts in wind patterns
and rainfall, as well as increase the frequency of natural phenomena such as the E/ Nisio-
Southern Oscillation (ENSO) (Cai et al., 2014; Freund et al., 2019). The climatic and
hydrological changes driven by EI Nifio events have significant effects on ecological systems,
with subsequent socioeconomic impacts globally (Glantz, 2000; Anderson et al., 2019). In the
southwestern Atlantic Ocean, coastal systems are particularly affected by ENSO's climatic
impacts, especially the heavy rainfall associated with its warm phase (E/ Nifio) and the
resulting increase in continental runoff (Robertson and Mechoso, 1998; Grimm et al., 2000),
which exerts considerable impacts on estuarine biota (Garcia et al., 2001; Odebrecht et al.,

2017; Possamai et al., 2018).

The ongoing rise in anthropogenic pressures, coupled with climatic events, can lead to
combined effects that accelerate environmental degradation in estuaries, potentially resulting
in reduced species diversity and abundance, particularly for those estuarine-resident species
that reproduce and complete their life cycle within this coastal system (Whitfield and Elliott,
2002; Potts et al., 2015; Whitfield, 2021). Population declines have been observed (Garcia et
al., 2004a; Belarmino et al., 2021) and usually attributed both to anthropogenic impacts (e.g.,
Noleto-Filho et al. 2017) or interspecies resource competition (e.g., Olsen & McCulloch
2024). Hence, the long-term responses of resident species to local estuarine variability and
climate change are complex, highlighting the importance of further studies to better

understand these effects (Whitfield and Elliott, 2002).
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Additionally, recent studies have emphasized the importance of considering species
functional traits when assessing their responses to environmental and climatic impacts
(Mouillot et al., 2013; Villéger et al., 2017; Caramaschi et al., 2021). Functional traits are
defined as morphological, physiological, or phenological characteristics measured at the
individual level (Violle et al., 2007), which have the potential to link the roles of organisms to
ecosystem functions (Villéger et al., 2017; Esmaeili et al., 2021). The functional traits related
to reproduction, habitat, and feeding are essential for understanding species interactions with
the environment, their response to climate change, and their ecological role. Reproductive
traits, for example, help identify population persistence strategies and their resilience to
environmental disturbances (Manna et al., 2013). Functional traits related to habitat use
provide information about species distribution and their adaptation to different environmental
conditions, being crucial for the development of conservation and management strategies
(Marsh-Matthews & Matthews, 2000). Meanwhile, feeding traits are essential for
understanding the role of species in trophic chains, as well as in energy and nutrient flows
(Hooper et al., 2002). The integrated analysis of these traits offers a comprehensive view of
ecological dynamics, promoting more effective approaches for conservation and sustainable

management (Blondel, 2003; Manna et al., 2013).

Previous research on the influence of environmental and climatic factors, such as El
Nifio, on estuarine-resident fish has predominantly focused on analyzing species abundance
(e.g., Garcia et al.,, 2004a; Belarmino et al., 2022). However, the influence of these
phenomena on estuarine-resident species with distinct functional traits remains poorly
understood. The need to advance our understanding in this matter is particularly critical as
extreme climatic events, such as E/ Nifio, are projected to increase in frequency and intensity

due to global warming (Yeh et al., 2009; Cai et al., 2015).

Studies on the responses of estuarine-resident fishes with distinct functional traits to
estuarine variability associated with driving forces operating at local, regional and global
scales can provide valuable insights to better understand the effects of ongoing climate
change (Villéger et al., 2017; Esmaeili et al., 2021; Harrison and Whitfield, 2024). An
estuarine system that offers a suitable model for evaluating the effects of environmental and
climatic changes on estuarine-resident fish with distinct functional traits is the Patos Lagoon
Estuary (PLE), in the Southwestern Atlantic (32°S). This estuary is part of the Brazilian
Long-Term Ecological Research Program (B-LTER), which maintains long-term standardized

datasets on abiotic and biotic components, continuously collected over several decades
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(Lemos et al., 2022), including the ichthyofauna (Vieira et al., 2020). Moreover, prior studies
have shown that the hydrodynamics and biota of the PLE are strongly influenced by ENSO
(Odebrecht et al., 2017). Among the estuarine-resident fish species inhabiting this system are
the Brazilian silverside Atherinella brasiliensis (Quoy & Gaimard, 1825), the Onesided
livebearer Jenynsia lineata (Jenyns, 1842), and the American freshwater goby Ctenogobius
shufeldti (Jordan & Eigenmann, 1887). Atherinella brasiliensis is distributed from Venezuela
to southern Brazil and is most common in coastal waters, particularly in river mouths and
brackish areas, where it is considered an abundant species. Jenynsia lineata is widely
distributed across northern Argentina, Uruguay, and southern Brazil and is also abundant in
these regions. In contrast, Ctenogobius shufeldti, which ranges from southern Brazil to North
Carolina, including the Gulf of Mexico, typically inhabits shallow, low-salinity estuarine
environments but is not considered an abundant species (Menezes & Figueiredo, 1985;
Figueiredo & Menezes, 2003). These estuarine-resident species exhibit distinct functional
traits: A. brasiliensis is an omnivore and oviparous, laying adhesive eggs on vegetation; C.
shufeldti is a zoobenthivore feeding on epifauna, also oviparous, and exhibits parental care;
whereas J. lineata is an omnivore and viviparous (Mai & Possamai, 2022). These species also
differ in their use of the water column, being classified as pelagic, benthic, and demersal,

respectively (Fischer et al., 2004).

In this context, this study aims to analyze long-term trends (1997-2019) in the
abundance of estuarine-resident species (4. brasiliensis, J. lineata, C. shufeldti) with distinct
functional traits (in terms of reproductive strategy, feeding habits, and habitat use) and their
relationships with local, regional, and climatic environmental factors. Specifically, we
investigate the following hypotheses: (i) there is a long-term declining trend in the abundance
of estuarine-resident species; (i1) reductions in their abundance are associated with El Nisio
events; and (ii1) the abundance of species with different functional traits exhibits similar

responses to the effects of E/ Nirio events.
2. Material and Methods
2.1. Study Area

Patos Lagoon, located in the southernmost state of Brazil, is recognized as the largest
choked coastal lagoon in the world (Kjerfve, 1986). This lagoon receives freshwater from
several rivers located in the northern part of the state of Rio Grande do Sul, functioning as the

only natural drainage of this watershed, which covers approximately 200,000 km?. A single,
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narrow inlet, 0.5-3 km wide at its southern end, connects the lagoon to the Atlantic Ocean,
forming an estuarine zone that covers about 10% of the total lagoon area (Seeliger, 2001)
(Fig. 1). Due to its morphological characteristics and the proximity to an amphidromic point,
the tides in the Patos Lagoon region have a low amplitude, averaging 0.47 m (Garcia, 1997).
The hydrological conditions in Patos Lagoon vary seasonally and the wind patterns and
precipitation within the watershed play a crucial role in the Patos Lagoon Estuary (hereafter
PLE). During summer and autumn, low freshwater discharge is generally associated with
increased salinity and lower water stratification. In contrast, during winter and spring,
precipitation and freshwater discharge result in decreased salinity and reduced oceanic water

intrusion into the estuarine area (Marques et al., 2011; Marques et al., 2014).

The hydrodynamics and stratification at PLE are strongly influenced not only by
freshwater discharge but also by the ENSO phenomenon (Marques et al., 2011; Marques et
al., 2014). During El Nifio events, positive anomalies in precipitation and continental water
flow occur throughout the year, resulting in a significant increase in freshwater flow into the
ocean and a reduction in seawater intrusion into PLE, leading to long lasting near-zero
salinities in the estuarine zone. On the other hand, during La Nifia events, reduced
precipitation and freshwater discharge tends to increase the estuary’s salinity (Garcia et al.,
2001; Marques et al., 2011; Marques et al., 2014). Such hydrological changes triggered by
ENSO phases have been associated with changes in species composition, abundance and
diversity of the fish fauna occurring at PLE aquatic habitats (Belarmino et al., 2024; Garcia et

al., 2004b; Possamai et al., 2024; Vollrath et al., 2023).
2.2. Data collection

Monthly fish fauna samplings have been conducted at five stations located in shallow
areas (<1.5 m) of PLE as part of the Brazilian Long-Term Ecological Research (LTER)
program since 1998 (LTER-PLEA or PELD-ELPA in Portuguese). Fish are collected using a
9-meter beach seine with mesh sizes of 13 mm in the wings and 5 mm in the center. Five

monthly hauls are conducted at each of the five sampling sites (Lemos et al., 2021).

Along with fish collection, environmental parameters are measured, including water
temperature (°C) with a mercury thermometer, salinity with an optical salinometer, and water
transparency with a Secchi disk. In this study, a 22-year time series from the LTER-PLEA
database (January 1997 to December 2019) was analyzed, focusing on the abundance of three

estuarine-resident species (Atherinella brasiliensis, Ctenogobius shufeldti, Jenynsia lineata).
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These fish species are considered estuarine residents because they complete their entire life
cycle within the estuary (Garcia et al., 2001; Mai and Possamai, 2022). The estuarine-resident
guild was selected not only because these species are good indicators of estuarine changes
because they live all their lives within the estuary, but also because they represent species
with different functional traits (Fig. 2). Functional traits can be defined as morphological,
physiological, or phenological characteristics measured at the individual level (Violle et al.,
2007), which could result in different ecological responses (e.g., variations in abundance and

occurrence) to the impacts of ENSO events in the PLE.

All fish captured were measured and weighed in the laboratory. Based on this
information, the monthly average abundance (1997-2019) was calculated and expressed as
catch per unit effort (CPUE). The abundance data of estuarine-resident fish were previously
log-transformed (log (x +1)) for analysis. Additionally, monthly averages of water
temperature, salinity, and transparency were calculated based on in situ measurements during
field samplings. Moreover, data on precipitation (mm) and river flow (m?%/s) data in the PLE
drainage basin and values of the Oceanic Nifio Index (ONI), which indicate E/ Nifio events
occurring in the Equatorial Pacific Ocean, were obtained from the National Institute of
Meteorology (INMET) and the National Oceanic and Atmospheric Administration's (NOAA),
respectively. The ONI is based on sea surface temperature in the Nifio 3.4 region (5°N - 5°S,
120° - 170°W). Values above 0.5 indicate the occurrence of El Nifio events. To determine a
monthly value, we calculated the average of the quarterly ONI values that encompassed the
month under analysis. To assess the impact of these events, the intensity of El Nifio events
represented by ONI values, was incorporated when modeling the species abundances and

their relationships with explanatory variables (see next subsection).
2.3 Data Analyses

Generalized Linear Models (GLMs) were used to model the relationships between the
abundance of the three species from 1997 to 2019 and local (water temperature, salinity,
transparency), regional (rainfall and river flow along the lagoon’s drainage basin) and global
(El Ninio events) factors. For each species, an abundance model was developed using different
distributions, such as the Gaussian family for Atherinella brasiliensis and the Gamma family
for Jenynsia lineata. For Ctenogobius shufeldti, due to zero inflation in the data, two models
were constructed: one for abundance using the Gamma family and another for occurrence

using the Binomial family. Before model construction, multicollinearity between explanatory
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variables was assessed using the "GGally" package in R (R Core Team, 2022), which built a
correlation matrix using Pearson's method (Schloerke et al., 2021). All environmental
covariates (water temperature, salinity, water transparency, rainfall, river discharge and ONI)
were retained in the GLM models as pairwise Pearson correlations among all variables were <
0.5. Considering that the relationship between the climatic and hydrological effects caused by
El Nifio events and the fish species abundance at PLE does not occur simultaneously, the ONI
and precipitation variables were included in the analysis with time lags of two and one month,
respectively (Moraes et al., 2012). To control for the effects of temporal pseudoreplication,
the factor 'time' (months/years) was treated as a random effect, while the abiotic variables
(water temperature, salinity, water transparency, precipitation, river discharge, and ONI) were
treated as fixed effects (Zuur et al., 2009; Crawley, 2012). The Q-Q plot method was used to
assess the normality of model residuals, and the most parsimonious model was selected based
on ANOVA tests, Akaike's Information Criterion (AIC), and the model's explanatory power.
All analyses were performed using R software (R Core Team, 2022), employing the packages
“ggplot2”, “vegan”, “GGally”, “lme4”, “bbmle”, “ved”, “ggpubr”, “ggpmisc”, “MASS”,

2% ¢

“car”, “glmmML”, “multcomp”, and “DHARMa”, with a significance level of o = 0.05.
3. Results
3.1 Temporal Variability of Environmental Factors

El Nifio events were associated with increased rainfall and river discharge in the PLE
drainage basin, resulting in low salinities and reduced water transparency in the estuarine
region, with a lag of approximately 1-2 months. The average monthly precipitation in the
drainage basin was 189.8 mm, with peak rainfall reaching 330.1 mm, 349.4 mm, and 318.3
mm in October 1997, November 2009, and October 2015, respectively. River flow followed a
similar pattern over the years, with peaks observed during periods of higher ONI index
values, such as in 1997, 2009, and 2015. Salinity in the estuary also varied, dropping to nearly
zero following the precipitation peaks in those same years. Water temperature exhibited
strong seasonality and had little correlation with the ONI index during the study period.
Furthermore, both salinity and water transparency showed an inverse correlation with other
environmental variables, suggesting a complex response to £/ Niiio events and their influence

on local and regional abiotic parameters (Fig. 3).

3.2 Temporal Changes in Abundance of Estuarine-Resident Fish Species
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The three estuarine-resident species exhibited marked interannual variations in their
abundance along the long-term time series (Fig. 4). Atherinella brasiliensis showed an
average CPUE of 1.0 + 0.4, with a conspicuous decline from 1997 to 2004, followed by a
stabilization phase in subsequent years. Ctenogobius shufeldti exhibited the lowest average
CPUE (0.2 + 0.15) compared with the other species, showing a continuous decline from 1997
to 2019. In contrast, Jenynsia lineata had an average CPUE of 0.7 £ 0.35, with a lesser

pronounced decline, suggesting lower temporal variability compared to the other species.

GLM models revealed that all three estuarine-resident species in the PLE experienced
a declining trend in abundance over the studied time series (Table 1) (see Supplementary
Table 1). El Nifio events, salinity, water transparency, and temperature were significant
factors related with the temporal abundance changes of the three estuarine-resident fish
species (Table 1). The GLM model for A. brasiliensis indicated that E/ Nirio, water
transparency, and salinity explained 44% of its variation in abundance in the PLE (Table 1,
Fig. 5). The abundance variation of J. lineata was influenced by temperature, water
transparency, and salinity, with the model explaining 59.5% of the variation (Table 1, Fig. 6).
In contrast, water temperature was the only significant variable explaining (46.5%) the
temporal variability in the abundance of C. shufeldti (Table 1, Fig. 7). However, the GLM
model based on the species occurrence (instead of its abundance) indicated a greater number
of significant explanatory variables. In addition to temperature, £/ Nirio and salinity explained
36% of the occurrence of C. shufeldti in the PLE (Table 1, Fig. 7). The percentage distribution
of the significant effects of explanatory variables in the GLM models for the abundance of 4.
brasiliensis and J. lineata, as well as for the abundance and occurrence of C. shufeldlti, is

presented in Figure 8.

4. Discussion

4.1. Long-term trends in abundance of estuarine-resident fishes

Corroborating our initial hypothesis, our findings revealed that the three estuarine-
resident species exhibited a declining abundance trend in the PLE. Overall, estuarine-resident
species are adapted to live in an environment characterized by high spatiotemporal variations
in physicochemical parameters, such as salinity, temperature and transparency. Some of the
benefits to overcame such harsh and unpredictable conditions is the exploitation of abundant
food resources and lower predation rates commonly found in shallow estuarine waters, which

play a crucial ecological role as nursery grounds for several estuarine organisms. Hence, the
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capacity to withstand the physicochemical challenges of completing their entire life cycle
within the estuary likely result in ecological advantages that ensure their survival and

reproduction in these dynamic and highly productive environments (Whitfeld et al., 2024).

The observed declining abundance trends of the estuarine-resident species in this
study may be associated with various anthropogenic impacts and environmental disturbances
usually found in estuaries (Wootton, 1991; Belarmino et al., 2021), which may exceed the
adaptive capacity of these species (Wainger et al., 2017). For instance, fishing and other
human activities have been identified as significant stressors for the ichthyofauna in the PLE
(Haimovici & Cardoso, 2017; Possamai et al., 2018). These stressors may also include habitat
degradation and fragmentation caused by dam construction (Burns et al., 2006), substrate
modification due to bottom trawling (Silveira et al., 2020), and water contamination by heavy

metals and other pollutants (Amado et al., 2006; Condini et al., 2017).

Additionally, climatic phenomena such as EIl Nirio events are known to alter
hydrological cycles and abiotic conditions both locally and regionally, causing changes in the
structure and dynamics of terrestrial and aquatic ecosystems and their biota worldwide
(Glantz, 2000; Cai et al., 2020; Belarmino et al., 2021). At PLE, stronger E/ Nifio events may
trigger positive rainfall anomalies in the lagoon’s drainage basins and a subsequent increase
in river discharge into the estuary, which can lead to the reduction and/or loss of submerged
vegetated habitats (e.g., seagrass meadows) (Copertino, 2010; Lanari & Copertino, 2017).
Such climatic-related impact can impair the ecological role of these habitats as spawning
sites, food sources, and refuges for these estuarine-resident fishes (Possamai et al., 2018;
Belarmino et al., 2021). Moreover, it has been argued that the reduction in the abundance of J.
lineata in the estuary during periods of heavy rainfall may be attributed to the effect of
flooding, which causes dispersion towards the estuarine margins (Garcia et al., 2003). Under
these conditions, increased rainfall allows this species greater access to flooded vegetated
habitats in low and medium marshes, which could reduce its presence in the areas sampled by
beach seine nets operating in open areas (i.e., unobstructed by vegetation) (Garcia et al.,

2003).
4.2. Differential responses of estuarine resident fishes to environmental and E/ Nifio factors

Our results only partially supported our initial predictions that the reduction in
abundance of the three estuarine resident species would be associated with E/ Nifio events

(hypothesis 2) and they would respond similarly to the effects of these climatic events despite
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having distinct functional attributes (hypothesis 3). In fact, GLM modeling of abundance
between 1997 and 2019 indicated that E/ Nifio events have different effects on the analyzed
species. The effects of this phenomenon were negative regarding the abundance of A.
brasiliensis but was positively associated with an increase in the occurrence of C. shufeldti.
There was no statistically significant E/ Nifio effect either on the abundance of C. shufeldti

and J. lineata.

El Nifio events in the southern region of Brazil are associated with high precipitation
that can increase continental discharge from 2,400 m?/s to up to 12,000 m*/s at PLE (Vaz et
al., 2006; Moller et al., 2009). These extreme discharge events appear to have a more
pronounced impact on oviparous species (4. brasiliensis and C. shufeldti) than on viviparous
species (J. lineata). For example, the increase in river discharge significantly alters crucial
reproductive habitats of A. brasiliensis, such as the Wigeon grass Ruppia maritima (Lunell,
1753) seagrasses beds, which are used for the deposition and adhesion of its eggs (Copertino,
2010; Belarmino et al., 2021). Although the species uses other substrates, such as marshes and
macroalgae, the loss of these seagrasses, essential for egg adhesion, significantly contributed
to the decrease in its abundance (Bemvenuti, 1987; Lanari and Copertino, 2017; Belarmino et
al., 2021). El Nirio events can also alter the stability of estuarine sediment, which provides an
ideal substrate for the adhesion and fixation of C. shufeldti eggs. This reproductive strategy
employed by C. shufeldti ensures the integrity of the eggs and prevents them from being
carried away by currents to unfavorable areas outside the estuarine environment (Contente et
al., 2012). In contrast to these oviparous species, J. lineata is a viviparous species whose
reproduction is less dependent on specific substrates compared to C. shufeldti and A.
brasiliensis. Therefore, this functional attribute related to its reproductive strategy could

confer greater resilience to environmental changes caused by these climatic events.

Additionally, the different use of habitat is a functional attribute that may be
associated with the varying responses of estuarine-resident species' abundance to the
hydrological effects associated with E/ Nisio events. Among the three analyzed estuarine-
resident species, 4. brasiliensis 1s the only with pelagic habit, whereas the other ones are more
associated with the substrate, with J. lineata and C. shufdelti showing demersal and benthic
habits, respectively (Mai and Passamai, 2022). In contrast with J. /ineata and C. shufdelti,
whose juveniles and adults are usually found inhabiting estuarine shallow waters (< 2m),
larger specimens of A. brasiliensis may use deeper waters (main lagoon channel). As already

speculated by Belarmino and collaborators (2023), individuals inhabiting deeper water could
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be more prone to being carried out of the estuary into the adjacent marine waters due to the
higher water current intensity found in the main channel. Hence, it seems plausible to
hypothesize that demersal and benthic estuarine-resident fishes living in protected shallow
waters of the estuary like J. lineata and C. shufdelti would be less susceptible to the increased

river discharge compared to pelagic ones like A. brasiliensis.

Our models also indicate that water temperature plays a crucial role in regulating the
abundance and occurrence of J. lineata and C. shufeldti. In estuarine environments, the
interaction between physical-chemical factors, such as temperature and turbulence, can
directly influence the ecology of species, modifying their morphology, behavior, and
physiology (Reyes & Aguirre, 2019). The dynamic nature of estuaries, with pronounced
salinity gradients and rapid variations in parameters such as turbidity and temperature,
imposes significant ecological and physiological challenges for fish (Ong et al., 2015;
Salvador & Muelbert, 2019). These environmental fluctuations affect essential ecological
processes, such as growth rate and reproductive success of species (Izzo et al., 2016;
Morrongiello et al., 2014). For example, during periods of higher temperatures, estuarine
ecosystems provide more favorable conditions for the development of these species, as
warmth promotes metabolism and reproduction, enhancing population resilience. Moreover,
the interaction between temperature and salinity variations can directly affect community
structure and species distribution, modulating ecological and evolutionary responses (Ong et
al., 2015; Salvador & Muelbert, 2019). Therefore, our results suggest that temperature is a
determining factor for the ecology of these estuarine resident species, reflecting its importance

in population dynamics in ecosystems subject to environmental variations.

In conclusion, our findings revealed that over the studied time series (22 years), the
three estuarine-resident species of the PLE show a declining trend in their abundance,
regardless of differences in functional attributes related to feeding, habitat use, and
reproduction. Our results also showed that E/ Nisio events distinctly impact each species, with
more pronounced effects on oviparous species (4. brasiliensis and C. shufeldti) compared to
the viviparous one (J. /ineata). These findings raise concerns about the conservation of these
estuarine-resident species, particularly in light of predictions regarding the increased
frequency of events like E/ Nisio due to global warming (Yeh et al., 2009; Cai et al., 2015;
Freund et al., 2019; Wang et al., 2020). Future studies are needed to better distinguish
between anthropogenic and climatic effects that may reduce the abundance of these species

and the ecological impacts of this loss on the functioning of subtropical estuarine ecosystems.
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Figure 1. Study area: (A) Map of Brazil; (B) Location of Patos Lagoon; (C) Sampling

stations in the estuarine zone (filled red circles, n = 5); and (D) Map of the Rio Grande do Sul

State in southern Brazil showing the location of the river flow stations along the lagoon’s

drainage basin (filled black circles).
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Figure 2. Functional attributes (reproductive mode, feeding habit, and habitat use) of three
estuarine-resident fish species Atherinella brasiliensis, Jenynsia lineata, and Ctenogobius

shufeldti. The red lines connect the different characteristics of each species.
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Figure 3. Boxplots of intra- and interannual variations of climatic variables (ONI index) and
regional variables (freshwater discharge), and local variables (salinity, temperature, and
transparency). The horizontal line inside the boxes indicates the median, while the boxes
represent the values between the first and third quartiles.
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Figure 4. Boxplots of the interannual variation of logl0 (CPUE+1) for Atherinella
brasiliensis (red boxes), Jenynsia lineata (green boxes), and Ctenogobius shufeldti (orange
boxes). The horizontal line in the middle of the boxes indicates the median, the boxes
represent the first and third quartiles, the vertical lines at the ends of the boxes indicate the

minimum and maximum values, and the points represent outliers.
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Figure 7. Generalized Linear Model (GLM) plots

showing the partial effects of the selected

explanatory variables on the abundance (A and B) and occurrence (C, D, E and F) of

Ctenogobius shufeldti in the Patos Lagoon estuary. The shaded areas indicate the 95%

confidence intervals.
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Figure 8. Percentage distribution of the effects of environmental variables on the abundance
of Atherinella brasiliensis and Jenynsia lineata, as well as on the abundance of Ctenogobius
shufeldti, according to the selected model. The analyzed variables include year, salinity,

temperature, transparency, and the ONI index.

Tabelas

Table 1

Selected Generalized Linear Models with values of the Akaike information criterion (AIC)
and the model's explanation degree (Exp) for the abundance of Atherinella brasiliensis,
Jenynsia lineata, and Ctenogobius shufeldti in the PLE. Res. Dev., residual deviance;, Dev.
Expl., deviance explained in percentage; Sig., significance; *, p<0.05, ** p<0.01, ***

2

p<0.001, positive (+) and negative () slope.

Introduced variables AIC Res.Dev Dev.Expl Sig. Slope

Abundance Atherinella brasiliensis ~ Year +

(Gaussian model)  (Transparency x ONI) + Salinity 326.41

Null (abundance ~1) 42981 77.02
~ Year 58.76 2443 xxx
+ Transparency x ONI 48.09 14.27 * -
+ Salinity 44.14 528 REE L+
Total explained 44

Abundance Jenynsia lineata ~ Year + 136.50

(Gamma model) (Salinity x Transparency) + '
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Temperature

Null (abundance ~1) 334.10 53.42
~ Year 33.04 38.43  kxE
+ (Salinity x Transparency) 28.85 7.89 . +
+ Temperature 21.87 13.17 %+
Total explained 5950

Abundance Ctenogobius shufeldti ~ Year + _494.30

(Gamma model) Temperature '
Null (abundance ~1) -432.31 143.01
~ Year 141.07 1.45 Rk
+ Temperature 81.012  45.12 *ok +
Total explained 46.57

Supplementary Material
Table 2

Selected Generalized Additive Models with second-order Akaike Information Criterion (AIC)
values and model explanation degree (EXP). VAN = valid model. The shaded gray lines
represent the models selected with the lowest AICc and the highest AICw for the Estuary and
Coast region.

n’ Model AIC Exp VAN
Atherinella brasiliensis
Abundance
1 ~ Year + Salinity + Temperature + Transparency + rainfall
+ Discharge + ONI 3332 435
2 ~ Year + Salinity + Temperature + Transparency + ONI 3294 435
3 ~ Year + Salinity + Transparency + ONI 330.2 428
4 ~ Year + Salinity + Temperature + Transparency 332.1 42.0 Inv.
5 ~ Year + Salinity+ Transparency 3322 422
6 ~ Year + Salinity * Transparency 3332 423
7 ~ Year * Transparency + Salinity 340.1 493
8 ~ Year * ONI+ Salinity + Transparency + Temperature 317.1 542 Inv.
9 ~ Year + Salinity + Transparency * ONI + Temperature 331.1 427
10 ~ Year + Salinity * ONI + Transparency + Temperature 330.1 43.7
11 ~ Year + Salinity + Transparency + Temperature * ONI 331.2 435 Inv.
12 ~ Year * Transparency + Salinity + Temperature + ONI 333.3 51.40 Inv.
13 ~ Year * Salinity + Transparency + ONI + Temperature 337.4 50.6 Inv.
14 ~ Year * Temperature + Transparency + Salinity + ONI 336.8 50.7 Inv.
15 ~ Year + Salinity * Transparency + Temperature + ONI 3294 437
16 ~ Year + Salinity * Temperature + Transparency + ONI 331.2 435
17 ~ Year + Salinity + Transparency * Temperature + ONI 330.6 43.6
18 ~ Year + Salinity + Transparency * ONI 326.4 44.0
29 ~ Year + Salinity * ONI + Transparency 330.5 432
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Jenynsia lineata

Abundance
1 ~ Year + Salinity + Temperature + Transparency +
Rainfall + Discharge + ONI 141.5 593
2 ~ Year + Salinity + Temperature + Transparency 137.5 59.1
3 ~ Year * Salinity+ Temperature + Transparency 135.2 654 Inv.
4 ~Year * Temperature + Salinity + Transparency 150.8 63.4 Inv.
5 ~ Year * Transparency + Salinity + Temperature 1304 659 Inv.
6 ~ Year + Salinity * Temperature + Transparency 139.2 59.1
7 ~ Year + Saliniti + Temierature * TransEarenci 138.8 59.1
Ctenogobius shufeldti
Abundance
1 ~ Year + Salinity + Temperature + Transparency +
Rainfall + Discharie + ONI -486.1 46.6
3 ~ Year * Temperature -488.9 57.4
Occurrence
1 ~ Year + Salinity + Temperature+ Transparency +
Rainfall + Discharge + ONI 343.1 243
2 ~ Year + Salinity + Temperature + ONI 338.8 23.8
3 ~ Year + Salinity + Temperature 337.3 237
4 ~ Year * Salinity + Temperature 360.8 29.1
6 ~ Year * Temperature + Salinity 3423 34.1
5 ~ Year + Salinii * Temﬁerature 339.0 23.8
8 ~ Year + Salinity * ONI + Temperature 3379 24.6
9 ~ Year + Salinity + Temperature * ONI 339.7 24.5




CONSIDERACOES FINAIS E PERSPECTIVAS

Os resultados obtidos sobre a andlise temporal da variabilidade na abundancia das trés
espécies estuarino-residentes do estuario da Lagoa dos Patos corroboram parcialmente nossas
hipdteses. Observamos uma tendéncia geral de declinio na abundincia das trés espécies
analisadas, independentemente das diferencas dos atributos funcionais relacionados a

alimentacdo, uso do micro-habitat (pelagico vs. demersal/bentonico) e reproducao.

Os eventos de E!/ Nifio mostraram impactos distintos em cada espécie, com efeitos mais
acentuados nas espécies oviparas (Atherinella brasiliensis e Ctenogobius shufeldti) em

comparagdo com a vivipara (Jenynsia lineata).

Esses resultados refor¢am a necessidade de implementacdo de estratégias de conservagdo
dessas espécies estuarino-residentes, especialmente diante das previsdes de aumento na
frequéncia de eventos de EI/ Niio devido as mudangas climaticas globais. Considerando a
vulnerabilidade das espécies estuarino-residentes, € essencial que estudos futuros sejam realizados
para gerar uma melhor compreensdo e diferenciacdo entre os efeitos climaticos e ambientais,
tratados aqui, dos efeitos de fatores antropogénicos (e.g., poluicdo, perda e fragmentagdo de
habitats com a expansdo urbana, atividades portudrias) na redugdo de suas abundancias. Além
disso, ¢ fundamental investigar os impactos ecologicos potenciais relacionados a diminui¢do da

abundancia dessas espécies no funcionamento desse importante ecossistema estuarino subtropical.
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