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Avaliacéo da integridade bidtica em estuarios: analise cienciométrica e
comparacao entre tamanhos de malha na avaliagdo bioldgica

RESUMO GERAL

A avaliacdo da condicao ecoldgica do ambiente estuarino € uma prioridade em todo o globo,
em fungdo da multitude de servigos ecossistémicos que ele proporciona. Esta tese tem como
objetivo contribuir com o tema a partir de duas abordagens essenciais, divididas em duas
sessdes. Na primeira sessdo da tese, foi realizada uma analise cienciométrica dos estudos sobre
avaliacdo da integridade bidtica em estuarios. Os resultados indicam que, apesar do crescimento
no nuimero de publicagdes, ainda sdo poucos pesquisadores atuando com o tema. Os paises
europeus (principalmente Espanha e Portugal) e os EUA dominam a producdo cientifica,
possivelmente em virtude da promulgacéo de diretrizes de avaliagcdo ambiental proposta nesses
paises. O autor espanhol Angel Borja desponta como autor de producdo cientifica mais
influente, com participacdo no desenvolvimento dos indices mais aplicados no mundo (AMBI
e M-AMBI). Dentre os indices bidticos mais utilizados, destacam-se aqueles que utilizam os
macroinvertebrados bentdnicos como organismos indicadores dos distdrbios antropicos.
Verificamos que as métricas mais utilizadas nos indices sdo relacionadas a estrutura da
comunidade (e.g., riqueza, abundancia e biomassa), parametros abidticos (e.g., salinidade,
temperatura) e poluentes (e.g., metais pesados). Os resultados destacam uma preocupac¢ao com
os métodos utilizados, existindo uma variedade de técnicas, equipamentos e delineamentos
amostrais sendo aplicados. Outro ponto que se destaca € a grande lacuna de estudos nos paises
tropicais, principalmente devido a caréncia de indices especificos para essa regido. Na segunda
sessdo da tese, foi realizada uma comparacdo da amostragem feita com diferentes tamanhos de
malhas (0,5 mm, 1,0 mm e 2,0 mm) para a coleta da comunidade de macroinvertebrados
bentbnicos. Independentemente do tamanho de malha utilizado, as varidveis bioldgicas
mensuradas ndo mostraram diferencas. Isso permite que estudos que objetivam a caracterizacéo
ecologicas de habitats benténicos ou investigacdes de relacdes entre 0s organismos e o habitat
sejam realizados utilizando uma malha de tamanho maior, o que permite uma abordagem mais
econbmica e mais rapida. No entanto, para avalia¢6es de biodiversidade, o uso de malha de 0,5
mm apresenta melhores resultados, englobando maior abundancia de individuos e riqueza de
espécies. As informac@es apresentadas por esta tese subsidiam e estimulam o desenvolvimento
de indices de avaliacdo especificos para a regido tropical, considerando suas particularidades
locais. Além disso, indicamos que estudos que objetivam a caracterizacdo bioldgica de
comunidades bentonicas podem ser realizados utilizando um tamanho de malha maior. Mesmo
assim, recomendamos que a escolha por um determinado tamanho de malha deve ser avaliada
cautelosamente, baseada nos objetivos especificos de cada estudo.

Palavras-chave: Ecossistema estuarino; Integridade ambiental; Macrobentos.



Assessment of biotic integrity in estuaries: scientometric analysis and comparison
between mesh sizes on the biological evaluation

GERAL ABSTRACT

The assessment of the ecological condition of the estuarine environment is a priority worldwide,
due to the multitude of ecosystem services it provides. This thesis aims to contribute to the
theme from two essential approaches, divided into two sessions. In the first session of the thesis,
a scientometric analysis of studies on the assessment of biotic integrity in estuaries was carried
out. The results indicate that, despite the growth in the number of publications, there are still
few researchers working with the subject. European countries (mainly Spain and Portugal) and
the USA dominate scientific production, possibly due to the enactment of proposed
environmental assessment guidelines in these countries. The Spanish author Angel Borja stands
out as the author with the most influential scientific production, with participation in the
development of the most applied indices in the world (AMBI and M-AMBI). Among the most
used biotic indices, those that use benthic macroinvertebrates as indicators of anthropic
disturbances stand out. We verified that the most used metrics in the indices are related to
community composition (e.g., richness, abundance and biomass), abiotic parameters (e.g.,
salinity, temperature) and pollutants (e.g., metals). The results highlight a concern with the
methodological aspects used, with a variety of techniques, equipment and sample designs being
applied. Another point that stands out is the great absence of studies in tropical countries,
mainly due to the lack of specific indices for this region. In the second session of the thesis, a
comparison of the sampling made with different mesh sizes (0.5 mm, 1.0 mm and 2.0 mm) was
carried out for the collection of the community of benthic macroinvertebrates. The results
showed that, regardless of the mesh size used, the biological variables measured did not show
significant differences. This allows studies that aim at the biological characterization of benthic
habitats or investigations of relationships between organisms and the habitat to be carried out
using a larger mesh, which allows for a more economical approach, done in less time. However,
for biodiversity assessments, the use of a 0.5 mm mesh presents better results, encompassing
greater abundance of organisms and species richness. The information presented in this thesis
subsidize and stimulate the development of specific evaluation indexes for the tropical region,
considering its local particularities. In addition, we indicate that studies that aim at the
biological characterization of benthic communities can be carried out using a larger mesh size.
Even so, we recommend that the choice for a given mesh size should be carefully evaluated,
based on the specific objectives of each study.

Keywords: Estuarine ecosystem. Environmental integrity. Macrobenthos.
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1. INTRODUCAO GERAL

Estuarios séo caracterizados como corpos d’agua costeiros que possuem contato com o
mar e com os rios. Deste modo, constituem-se como um ambiente de transi¢do rio-mar, que é
acometido por influéncias das correntes fluviais e de marés (Bernardino et al., 2015; Day Jr et
al., 2013; McLusky & Elliott, 2004). O ambiente estuarino € um ecossistema unico e sua
importancia abrange tanto caracteristicas ecoldgicas quanto socioecondmicas (Duarte & Vieira,
1997; Silva, 2000; Whitfield & Elliott, 2011).

Os estuarios sdo um dos ecossistemas mais produtivos da natureza, sendo responsavel
pela manutencdo de uma grande biodiversidade (Bernardino et al., 2015; Lana & Bernardino,
2018; Silva Junior et al., 2017). Eles atuam como protetores da regido costeira de acdo de
grandes ondas e tempestades, possuindo outras inimeras funcbes ecoldgicas, dentre as quais
destacam-se a abundancia de recursos pesqueiros (p.ex., peixes, moluscos e crustaceos), que
utilizam este ambiente como area de reproducao e alimentacdo. Além disso, serve com habitat
natural para muitas espécies de aves e mamiferos (Barreira e Castro, 2016).

Em funcédo de sua alta produtividade, o ambiente estuarino tem relevante importancia
socioecondmica para as populacgdes tradicionais (Thrush et al., 2013). Dentre as atividades,
destacam-se a pesca, a aquicultura, a recreacdo, a atividade portudria, a agricultura, aléem de
servir como via de acesso ao interior do continente (Barreira e Castro, 2016). Por conta disso,
historicamente o desenvolvimento econémico das cidades litoraneas esteve comumente
associado aos estuérios.

Uma caracteristica comum aos estuarios é a alta resiliéncia ambiental a perturbacGes
naturais, capaz de reequilibrar gradualmente as condicdes fisico-quimicas e a biota apos
encerradas as perturbacdes (Liu et al., 2021). No entanto, a complexidade ambiental estuarina,
somadas a sua vulnerabilidade a influéncia antropica, faz com que estes ambientes estejam em
constante ameaca. Essa vulnerabilidade advém da proximidade com centros urbanos, portos,
parques aquicolas, agricolas e/ou industriais, 0 que acarreta no descarte de efluentes (Leorri et
al., 2008; Mulik et al., 2020; Quataert et al., 2011; Wetzel et al., 2012; Zhou et al., 2018). Todas
essas pressGes causam 0 enriquecimento organico e, consequentemente, a eutrofizacao e até
destruicdo desses ambientes (Wang et al., 2021). Atualmente os estuarios sdo ecossistemas
altamente alterados e que requerem monitoramento e avaliagdo constante (Wetzel et al., 2012).

Nas ultimas décadas, diversas metodologias foram desenvolvidas objetivando a
caracterizacdo do nivel de integridade ambiental de estuarios. Dentre as metodologias

desenvolvidas, indices bidticos sdo constantemente utilizados na avaliacdo da condicao
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ecoldgica de estuarios (Borja et al., 2000; Bryce et al., 2002; Deegan et al., 1997; Pérez-
Dominguez et al., 2012). Essa avaliacéo ocorre a partir de métricas relacionadas a sensibilidade
dos organismos a degradacdo ambiental (Borja et al., 2000; Sigamani et al., 2015).

Os indices atuam como ferramentas na avaliacdo ambiental, auxiliando na deteccdo dos
impactos (Diaz et al. 2004). Isso € possivel pois estes indices relacionam atributos da
comunidade com estressores ambientais (Engle & Summers, 1999). O Indice de Integridade
Bidtica (IBI — Index of Biotic Integrity) foi originalmente desenvolvido para sistemas de agua
doce utilizando a ictiofauna como indicadores dos distarbios ambientais (Karr, 1981, 1991).
Posteriormente, foram desenvolvidos indices para outros ambientes, tais como o estuarino,
principalmente com base em Pearson e Rosenberg (1978) e Karr (1981). Muitos destes indices
foram desenvolvidos segundo legislacGes e diretrizes ambientais, tais como a European Water
Framework Directive (WFD, Directive 2000/60/EC), na Unido Europeia (European
Commission, 2000).

Os estuarios sdao ambientes naturalmente estressantes pois sofrem constantemente agdes
das ondas, variacao fisico-quimicas (p.ex., salinidade e temperatura) e remocao do substrato, o
que explicaria uma baixa resposta de indices taxonémicos (de Souza et al., 2021; Liu et al.,
2021). Sendo assim, a utilizacdo de métricas adequadas sdo essenciais para uma avaliacdo
correta e precisa (Hallett et al., 2016; O’Brien et al., 2016; Pinto et al., 2009), pois sintetizam
as informacdes bioldgicas em dados quantitativos possibilitando a classificacdo da condigéo
ecolégica do ambiente (O’Brien et al., 2016). Essas informagGes sdo importantes para o
estabelecimento de medidas mitigatorias, e uma correta gestdo e manejo adequado do ambiente
estuarino.

Atualmente existem varios indices de avaliagdo da integridade bidtica de ambientes
estuarinos. No entanto, ndo ha consenso sobre qual a melhor abordagem de estudo ou a melhor
metodologia a ser aplicada (Muniz et al., 2012). Isso advém principalmente das peculiaridades
e da complexidade ambiental de cada ecossistema. Neste contexto, é bem comum a aplicacdo e
teste de mais de um indice nos estudos (Borja et al., 2015; Cardoso et al., 2012; Dauvin et al.,
2012; Pandey et al., 2021; Pinto et al., 2009; Wetzel et al., 2012). Ha estudos que sugerem a
calibracdo de indices bidticos com indices de geoacumulacdo e abordagens multivariadas
(Pandey et al., 2021). Essa abordagem integrada de monitoramento e avaliacdo dos
ecossistemas estuarinos € promissora (Liu et al., 2021), principalmente devido o desafio que é
avaliar os impactos nos estuarios.

Existe uma diversidade de grupo de organismos que sdo utilizados na obtencdo das

respostas a estressores ambientais nos corpos hidricos, incluindo peixes (Deegan et al., 1997;
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Fisch et al., 2016; Hughes et al., 2002), crustdceos (Fisch et al., 2015), recifes de corais
(Jamerson et al., 2001), invertebrados terrestres (Kimberling et al., 2001), aves (Bryce et al.,
2002; Glennon & Porter, 2005), anfibios (Micacchion, 2004) e macroinvertebrados benténicos
(Borja et al., 2008; Borja et al., 2000; Cardoso et al., 2012; Llanso et al., 2002; Macedo et al.,
2016; Silva et al., 2017; Van Dolah et al., 1999; Weisberg et al., 1997). H& também, estudos
que propdem indices multitaxa como, por exemplo, utilizando peixes, lagostim e anfibios
(Simon et al., 2000), aves e anfibios (Crewe & Timmermans, 2005), insetos aquaticos e
macroinvertebrados bentonicos (Bonada et al., 2006) e insetos aquaticos e peixes (Chen et al.,
2017).

Considerando a gama de indicadores bioldgicos utilizados, se destacam o0s
macroinvertebrados bentdnicos (Bonada et al., 2006), pelas vantagens advindas da intima e
obrigatdria relacdo com o substrato (Gray & Elliott, 2009), caracteristicas biologicas (e.g. ciclo
de vida curto) e ecologia (e.g., diversidade e abundancia, amplo gradiente de sensibilidade as
alteracOes antropogeénicas), que possibilitam respostas rapidas aos estressores ambientais (Borja
et al., 2000; Docile & Figueird, 2013; Weisberg et al., 1997).

Os métodos de amostragem da macrofauna bentbnica sdo diversos e ndo ha
padronizacdo amostral nos estudos. Com a inexisténcia (e mesmo impossibilidade) de um
delineamento amostral padronizado, a selecdo dos métodos de coleta dependera das
caracteristicas sedimentares na area de estudo, recursos financeiros e tempo disponiveis, e
objetivo do estudo (Rumohr, 2009). Tal escolha faz-se importante, pois determina a eficiéncia
da coleta (Colling & Bemvenuti, 2011; Reuscher et al., 2018; Taherdoost, 2016), a eficacia da
avaliagéo a ser inferida (Ligeiro et al., 2020) e o investimento a ser aplicado (Eleftheriou, 2013;
Pinna et al., 2014).

O delineamento amostral é essencial para o sucesso da coleta de macroinvertebrados
bentbnicos (Colling & Bemvenuti, 2011; Couto et al., 2010; Pinna et al., 2014), principalmente
em termos do tamanho da abertura da malha a ser utilizada (Colling & Bemvenuti, 2011,
Rumohr, 2009). Uma escolha inadequada pode representar um aumento consideravel no
investimento necessario e tempo de processamento das amostras (lavagem, triagem e
identificacdo taxondmica) (Colling & Bemvenuti, 2011; Couto et al., 2010; Eleftheriou, 2013;
Rumohr, 2009), o que pode acarretar na inviabilidade da avaliacdo a ser efetuada.

O grande nimero de ameacas aliado a importancia estratégica dos estuarios demanda
estratégias de conservacao e gestdo ambiental imediatas e eficientes, que por sua vez dependem
de uma correta avaliagdo da condicdo ecoldgica e ambiental desses ecossistemas. Para isso,

deve-se levar em consideracgéo a identificagcdo das lacunas de pesquisa, bem como as limitagdes
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de conhecimento acerca da avaliacdo do ambiente estuarino e, consequentemente, uma correta
avaliacdo ambiental. Um passo importante a ser dado é sumarizar as informagdes existentes na
literatura (Adegoke & Oni, 2018; Tranfield et al., 2003). A cienciometria surge como campo
de pesquisa gque possibilita a avaliagdo da produtividade e a popularidade dos diferentes atores
com base em dados bibliograficos disponiveis publicamente. Além disso, destacam padrbes
estruturais e cognitivos acerca de um tema e indicam os principais topicos abordados (Cobo et
al., 2011). A partir das inferéncias realizadas, a cienciometria pode atuar como um indicador de
investimento, apontando, por exemplo, areas prioritarias para a realizacdo de pesquisas
(Kinouchi, 2014).

Deste modo, o presente estudo esta dividido em duas se¢Bes, cada uma com Seus
objetivos descritos a seguir:

Na secdo 1 foi realizada uma andlise cienciométrica acerca dos estudos que avaliaram a
integridade bidtica em estuarios. Os objetivos foram: (i) Descrever o panorama atual da
producdo cientifica acerca do tema; (ii) Caracterizar as autorias mais produtiva/influentes e a
organizacdo da colaboracdo cientifica; (iii) Analisar os indices de integridade aplicados nos
estudos, as métricas mais utilizadas e a metodologia utilizada.

Na secdo 2 foi realizado um estudo de comparagdo da amostragem com diferentes
tamanhos de malhas na coleta da comunidade bent6nica. Os objetivos propostos foram: (i) testar
se peneiras com diferentes tamanhos de malha fornecem diferentes composicdes da
comunidade bentdnica; (ii) comparar o desempenho de diferentes indicadores ecolégicos com
base em dados utilizando peneiras com abertura de malha de 0,5 mm, 1,0 mm e 2,0 mm de

malha.
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Abstract

In this study, we conducted a scientometric analysis of studies on the assessment of ecological
conditions in estuaries using biotic indicators. Thus, we sought to (1) Describe the current
landscape of the scientific production on the topic; (2) Characterize the most
productive/influential authorships and the organization of scientific collaboration; (3) Analyze
the biotic integrity indices applied in the studies, the most used metrics, and the methods
employed. After the survey process, separation, and analysis, 334 publications were selected
between the years 1990 and 2021 that met all the criteria established in our study. The results
indicate an increase in the number of publications along the years, but there are still few
researchers working on the subject. European countries (mainly Spain and Portugal) and the
USA dominate the scientific production, possibly due to the promulgation of legal guidelines
in these countries regarding environmental assessments. In this context, a concentrated
scientific collaboration linked to European authors stands out. The Spanish author Angel Borja
stands out as the author with the most influential scientific production, with participation in the
development of two of the biotic indexes most used around the world (AMBI and M-AMBI).
Among the most commonly used indicators are the benthic macroinvertebrates, followed by the
fish. We found that the most commonly used metrics are related to community composition
(e.g., richness, abundance, biomass), abiotic parameters (e.g., salinity, temperature), and
pollutants (e.g., metals). Our results indicate that methodological issues are still of great
concern, given the absence of method standardization among studies. Another relevant aspect
is the large gap of studies in tropical countries, which keep applying indices not developed for
their regional particularities. The results of this study highlight the necessity of more studies on
tropical environments, on the sensitivity of the species and about methodological aspects, which
can greatly contribute for the development of the field.

Keywords: Aquatic ecosystems. Tropical estuaries. Biotic integrity. AMBI. Scientific
production.
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1. Introduction

Maintaining the environmental integrity of aquatic ecosystems is a priority in many
developed countries (e.g., North America and Europe), and the approaches and methods used
in environmental monitoring and assessment are constantly under discussion. (Llanso et al.,
2002; O’Brien et al., 2016; Pinto et al., 2009). This concern is also gaining prominence in
developing countries (Fisch et al., 2015; Neves & Valentin, 2011), although often there is no
specific legislation or governmental stimulus to conduct studies and monitoring programs.

Multimetric indices are among the main tools used for biological monitoring of aquatic
ecosystems (Pinto et al., 2009; Ruaro & Gubiani, 2013; Vadas et al., 2022), being considered
fast and efficient for this purpose (Josefson et al., 2009; Karr, 1991; Silva et al., 2017). The
usefulness of environmental assessment using these indices stems from the identification of
effective biological metrics sensitive to environmental disturbances. Such metrics must allow
for the distinction of differences between environments with high degrees of anthropogenic
impact and those minimally or least-disturbed (reference sites) (Karr & Dudley, 1981; Pinto et
al., 2009; Stoddard et al., 2006). The decision to select a particular group of organisms as an
indicator of ecological integrity comes from their sensitivity or tolerance to environmental
stresses (Bonada et al., 2006). Thus, multimetric indices act by synthesizing biological
information into quantitative data capable of classifying the ecological condition of the
environment (O’Brien et al., 2016). A proper assessment allows to make accurate inferences
about the effects of anthropogenic impacts on aquatic environments.

Estuarine environments are one of nature's most productive ecosystems (Wolff, 1973),
being responsible for maintaining a large biodiversity (Lana & Bernardino, 2018; Silva Junior
et al., 2017). Due to its high productivity, the estuarine environment has an irreplaceable
socioeconomic importance for human populations (Thrush et al., 2013). However, such
environments are subject to numerous impacts resulting from anthropic activities (e.g., land
use, deficient sanitation, use of pesticides) (Chen etal., 2004; Deegan et al., 1997). Furthermore,
with the increasing urban development, the estuarine system becomes continuously more
fragile and vulnerable, resulting in quantitative and qualitative changes in the biotic
communities (Borja, 2014). In this context, the assessment and maintenance of ecological
integrity in estuarine environments is paramount for socioeconomic development and for
maintaining the equilibrium of adjacent coastal and marine systems (Borja, 2014; Cardoso et
al., 2012; Llanso et al., 2002).

Listing, understanding, and summarizing existing scientific knowledge helps us to

critically analyze the limitations of current knowledge and identify potential research gaps that
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can be addressed or solved in future studies (Adegoke & Oni, 2018; Tranfield et al., 2003). In
recent years, increasing attention has been devoted to the systematic study of scientific literature
dealing with particular research domains, due to the availability of online databases coupled
with the development of effective tools capable of automated analysis (Aria et al., 2020). In this
context, scientometrics emerges as a field of research that makes it possible to evaluate the
productivity and popularity of different actors based on publicly available bibliographic data.
In addition, it highlights structural and cognitive patterns about a theme and indicates the main
topics covered (Cobo et al., 2011). From the inferences made, scientometrics can act as an
investment indicator, indicating, for example, priority areas for research (Kinouchi, 2014).

The number of studies involving the ecological assessment of estuarine environments is
very uneven between continents or between countries. A recurring pattern is that areas of high
biodiversity are also areas of great economic exploitation, often in underdeveloped countries,
where economic interests take precedence over environmental issues. But that, on the other
hand, still lack studies and monitoring of the possible effects of decreased ecological integrity.
Thus, the compilation, organization and understanding of the scientific production on the
subject is urgent, because it can enable the design of strategies and policies aimed at preserving
estuarine environments, as well as identify gaps in knowledge that need to be mitigated.

In this study, we used the methodology Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) (Moher et al., 2015; Salameh et al., 2020), combined
with a scientometric analysis, to perform a comprehensive review of the assessment of biotic
integrity in estuaries. Our objectives are: (1) To describe the current panorama of scientific
production on the subject; (2) To characterize the productive/influential authorship and the
organization of scientific collaboration; (3) To analyze the integrity indexes applied in the
studies, the most used metrics and the methodology used. The contributions arising from this
will provide comprehensive bibliographic information that will allow the direction of strategic

research in future studies on the assessment of biotic integrity in estuaries.

2. Material and methods

2.1 Data Collection
We used the PRISMA protocol to standardize literature data collection (Moher et al.,

2009). This protocol allows for an efficient and reliable selection of articles to be analyzed, as
well as full and transparent replication of the entire method. Combined with the PRISMA
protocol, we apply bibliometric analysis to assess the development of the research pipeline on
this topic.
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The PRISMA protocol begin with the selection of the databases to be used in the
scientific literature search. In the present study, we used only the Web of Science Core

Collection (WoS) (http://www.webofknowledge.com). The use of WoS is justified because it is

a worldwide known database and because it contains the largest and one of the main
bibliographic databases, which enables an exploration in the most diverse scientific domains.
In addition, it incorporates journals from both the Science Citation Index Expanded and the
Social Sciences Citation Index journals.

The search was performed in April 2022, and for filtering articles in WoS we used the
terms (TS = (“Biotic ind*” OR “Biotic integrity” OR “Habitat integrity” OR “Ecosystem
integrity” OR “Multimetric ind*” OR “Ecolog* indic*”’) AND TS = (Estuar*)). The item “TS”
indicates that the search was performed on the words mentioned in the title, abstract and
keywords. In addition, the use of “*” allows the inclusion of derived words, making the search
as broad as possible within the theme, because it allows the selection of words that were often
used in the searches in derived form.

Based on the criteria described above, we found a total of 1,176 articles published
between 1990 and 2021. In the screening phase, only articles whose approach contemplated the
assessment of biotic integrity in estuaries were selected, determined based on reading the title,
abstract, and keywords. Only articles, book chapters and review articles were considered,
excluding other types of documents (Proceedings paper, Corrections, Editorial material, Data
paper, etc.). In addition, we excluded articles published in 2022 because the publication period
was open at the time of selection, which could affect the comparison with the other years. The
application of the above criteria resulted in the filtering of 334 publications for the subsequent
analyses, according to the PRISMA flowchart (Figure 1). For a more detailed analysis about
the literature we performed an additional filtering, separating the articles whose approach in
assessing biotic integrity in estuaries used biotic indices and those articles that considered only

statistical comparisons of one or more biological metrics.
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Database used:
Web of Science

Publications excluded based on title and
abstract, other types (e.g., Proceedings
paper, Corrections, Editorial material, Data
paper etc.) and the year 2022:
n= 842

Words and terms used in the search:
"Biotic ind*" OR "Biotic integrity"
OR "Habitat integrity" OR
"Ecosystem integrity" OR
"Multimetric ind*" OR "Ecolog*
indic*“ AND Estuar*,

Publications aiming at estuary integrity

assessment:
n=2334
Estuary integrity assessment with Estuary integrity assessment
biotic indices: statistical comparisons of metrics:
n=155 n=179

Figure 1: PRISMA flow diagram of the process of identifying and screening included
articles.

The analyses were performed using the bibliometrix package and the function
biblioshiny (Aria & Cuccurullo, 2017) in the software R (verséo 4.1.1.) (R Core Team, 2023).
We use the bibliometrix package because it is a comprehensive tool that allows effective
scientific mapping. In addition, it offers several options to import bibliographic data from
scientific databases and perform bibliometric analyses related to different objectives (Dervis,
2020; Moreira et al., 2020). In the present study, the information filtered in WoS was used in
the BibTeX format.

2.2 Description of the current panorama of scientific production
To describe the current panorama of scientific production on the subject, we present

data regarding journals (total number of volumes, types of articles, publication period,
publication rate per year, citation rate per article, and number of references), authors (total
number, number of single authorship in articles, and number of multiple authorship in articles),
and scientific collaboration.

To indicate journals that specialize in or prioritize publications addressing the
assessment of biotic integrity in estuaries, we calculated the number of articles published in
each journal per year and also applied the Bradford's law, which divides a set of journals in a
field into three zones. Each with approximately one third of the articles: the first zone highlights
asmall number of journals, indicating their relevance to the theme; the second zone is composed

of a larger volume of journals, indicating a moderate relevance on the theme; and the third zone
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encompasses most of the journals, whose theme is not one of the indexing priorities. Currently,
Bradford's law serves as a neutral and objective tool for the selection of the most central

information sources in a field (Hjerland & Nicolaisen, 2005).

2.3 Scientific production and influential authorship
The identification of the most productive and influential authors on the theme was

performed from four analyses: (1) total production (number of published articles); (2) fractional
frequency of publications (FFP) (proportion of the number of authors in each publication).
Using FFP makes it possible to identify the most productive authors based on their actual
contributions. In addition, we also identified the nationality of the most productive authors and
comparedthe publication frequency of authors in the area based on Lotka's Law (Kawamura,
1999).

Based on the corresponding information from the authors, we identified the institution
that most participated in research on estuarine integrity assessment. Through this information
we also identified the nationality of the authors, calculating the total production of articles per
country and the frequency of publication. In this way, we determined the scientific collaboration
between authors of the same nationality and scientific collaboration with authors of different
nationalities.

The most influential articles were identified from ranking based on the total number of
citations. Additionally, we also estimated the number of citations per year and the main purpose

of the article (e.g., index development, index application, or review article of applied indexes).

2.4 Applicability of indices of biotic integrity assessment
In this stage of the study, the analysis of the indices used was carried out by extracting

information from the articles in which the evaluation of biotic integrity in estuaries used the
biotic indices (according to the criteria mentioned above).

In this sense, the first information extracted was about the main objective of the study,
i.e., if the was about the development, efficacy test, or application/use of one or more indices.
We also analyzed the review articles in order to highlight the existing but less applied indices.
We subsequently created a checklist of existing indices, as well as which groups of organisms
are used as indicators of response to human disturbances. In addition, we quantified the number
of articles that applied/used each index and the respective area to where the index was originally
developed.
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We quantified the number of sites where the studies were conducted, the sampling
period, and which methodologies were used to select the sampling sites. We also characterized
the sampling methods used in the studies, classifying them by taxonomic group (e.g.,
methodologies used in the collection of fish, macroinvertebrates, plankton, etc.).

Finally, the metrics used in each study were counted and classified according to their
similarities (e.g., metrics related to taxonomic composition, ecological indicators, trophic
composition, population dynamics characteristics, habitat type and characteristics, abiotic

parameters, etc.).

3. Results

3.1 Description of the current panorama of scientific production
The 334 filtered scientific documents covered a total of 111 different journals. The

documents published as original articles accounted for 94.3% (N = 315) and the remain were
review articles (N = 19). Overall, these publications were heavily referenced (N = 14,679
references), with an average of 32.19 references used per article. The contribution of 1,255
authors were listed, with an average of 3.76 authors per article, and only 15 articles were written

with single authorship. The scientific collaboration index was 3.90% (Table 1).

Table 1. Main information about bibliometric analysis related to the assessment of biotic
integrity in estuaries.

General Information

Period 1990-2021
Sources (e.g., journals) 111
Scientific documents 334

Average number of citations per article ~ 32.19
References 14,679
Document Types

Scientific articles 315
Review articles 19
Author Information

Authors 1,255
Authors of single-authored articles 15
Authors of multi-authored articles 1.240

Author Collaboration

Single-authored articles 16
Authors by articles 3.76
Collaboration Index 3.9
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Publications on the assessment of biotic integrity in estuaries have been filtered since
1990. The absence of articles filtered before 1990 does not indicate inexistence of studies, but
rather that, through the protocol carried out, it was not possible to filter such articles.

We detected that from 1994 until 2008 there was a continuous increase in the number
of publications per year on the theme and, in the following years, a high variability in this rate.
The total production curve of articles showed an uninterrupted growth over the years, with an

average annual increase rate of 9.33% (Figure 2).
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Figure 2. Annual scientific production related to the assessment of biotic integrity in estuaries,
indicating the number of articles published per year (black line) and the cumulative total (gray
line).

Overall, the main scientific journals that published on biotic integrity in estuaries were
Ecological Indicators (N = 73 articles) and Marine Pollution Bulletin (N = 47) (Figure 3A).
However, between 1994 and 2004, the journal Estuaries dominated the publications on this
topic. In 2006, after the change to Estuaries and Coasts, the journal maintained its dominance
until 2008. At the same time, the journal Marine Pollution Bulletin considerably increased the
number of publications on the subject, surpassing the journal Estuaries and Coasts definitely
in 2011. The journal Ecological Indicators also showed a considerable increase in the number
of publications and has predominated in this aspect since 2012. The journal Estuarine, Coastal
and Shelf Science also stands out, and in the last decade has been increasing the number of
published articles. The dominance of the journals Ecological Indicators and Marine Pollution
Bulletin is confirmed by the result of the application of Bradford's law (Figure 3B), being the
only periods occupying the first zone, indicating their relevance to the theme.
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Figure 3. A - Number of articles in the 15 scientific journals with most publications about the
assessment of biotic integrity in estuaries more productive (1990-2020) and B - Distribution of
journals by Bradford's law, highlighting the first distribution zone delimited by journals
Ecological Indicators and Marine Pollution Bulletin.

3.2 Scientific production and influential authorship
When analyzing the scientific production by author we found that the five main authors

wrote at least ten articles on the subject during the analyzed period. The Spanish Angel Borja
is the most productive author (N = 25 articles) (Table 2). The contribution of this author is
highlighted mainly by his presence in ~92% of the scientific production from Spain. The USA,
which was the most productive country (Figure 4), presented only one author (Daniel M. Dauer,
with eight published articles) positioned among the 15 most productive authors. This indicates
that the USA has a larger number of authors and research groups developing studies on biotic
integrity in estuaries, and the number of published articles is better distributed among
researchers in this country. This is confirmed by the low scientific collaboration index presented
by the USA (Figure 4).

Quite differently, the presence of six Portuguese authors among the 10 most productive
indicates the existence of a consolidated collaboration network in this country. In this context,
we highlight the Portuguese researcher Jodo Carlos Marques (N = 22 articles) as the second
most productive author, being present in ~58% of the scientific publications from his country.
The result of the fractional frequency of publications (FFP) highlights again the Spanish author
Angel Borja and the Portuguese author Jodo Carlos Marques in first and second position,
respectively. Table 2 also shows the H-index and M-index results of the main authors based on

research involving the assessment of estuary integrity.
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Table 2. Ranking of the 15 authors (and their respective nationality) with more articles related
to biotic integrity assessment in estuaries. Key: total number of articles (TA), percentage
contribution in the total number of articles (%TA), fractional frequency of publications (FFP),
total number of citations (TC), H-index, M-index and the year of the first publication on the
topic (PY).

Ranking Author Country TA %rta FFP TC H-index  M-index PY
1 Borja A Spain 25 75 6.7 3,235 21 0.91 2000
2 Marques JC  Portugal 22 6.6 3.8 1,731 19 0.73 1997
3 Neto JM Portugal 16 48 25 904 13 0.68 2004
4 CostaMJ  Portugal 12 3.6 1.7 292 7 0.56 2007
5 PatricioJ  Portugal 12 3.6 2.2 637 10 0.53 2004
6 Costa JL Portugal 11 3.3 1.4 251 7 0.43 2007
7 Muxika I Spain 10 3.0 25 1,319 10 0.50 2003
8 Dauer DM USA 7 21 1.4 650 7 0.27 1997
9 Salas F Spain 7 2.1 1.3 433 7 0.37 2004
10 TeixeiraH  Portugal 7 2.1 11 340 7 0.48 2008

We observed that 1,060 authors (84.5%) participated in the production of only one
article related to the theme. Another 125 authors (10%) participated in two articles. Thus,
articles with only one or two authors represented 94.5% of the total number of articles. The
smallest group, corresponding to 5.5%, contains authors with more than 3 articles on the
subject. These three groups of authors indicate that authorship on the topic follows the
characteristics of Lotka's Law, which states that the number of authors making n contributions
in a given scientific field is approximately 1/n? of those making a single contribution and that
the proportion of those making a single contribution is plus or minus 60%.

The geographical distribution of the studies found based on the country of the
corresponding authors indicates a total of 37 countries with research on the assessment of biotic
integrity in estuaries. In all, 17 countries (15 European and 2 North American) contributed
together with 60.72% (N = 201 articles) of the published articles. Contributions to research in
this area have been dominated by corresponding authors from developed countries. The top
contributing countries include the USA (N = 75 articles), Portugal (N = 40 articles), China (N
= 36 articles), Brazil (N = 29 articles), and Spain (N = 29 articles). Collaboration among
researchers from different countries is evident, among the ten most productive countries the
highest collaboration rates were Portugal (45%), France (41%), and Spain (41%). On the other
hand, countries like USA (12%) and China (8%), even being highly productive countries,

present low rates of scientific collaboration with other countries.
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Figure 4. Number of articles related to the assessment of biotic integrity in estuaries from the
10 most productive countries, indicating scientific collaboration between authors from the same
country and scientific collaboration with authors from different countries.

Among the 10 most cited articles (Table 3), the article entitled “A Marine Biotic Index
to Establish the Ecological Quality of Soft-Bottom Benthos Within European Estuarine and
Coastal Environments”, by the Spanish authors Borja, Franco and Pérez, is the most cited
article. This article has a total of 1,011 citations (average of 43.95 citations per year), which
corresponds to the sum of the total citations of the second, third and fourth articles in the ranking
(Table 3). The fact that this article is the most cited is a result of the main objective of the study
which was the development of the AZTI Marine Biotic Index - AMBI (Borja et al., 2000), one
of the most used indexes for evaluating the biotic integrity of estuaries around the world. In this
list of most cited articles, it is evident the presence of other articles whose objective was the
development of a biotic index, all by American authors. One such article is by Stephen B.
Weisberg and collaborators, who proposed the Benthic Index of Biotic Integrity - B-IBI
(Weisberg et al., 1997), and another article corresponds to the development of the Estuarine
Biotic Integrity Index - EBI, proposed by Linda A. Deegan and collaborators (Deegan et al.,
1997).

In this list of most cited articles are the most influential and important works for the
theme. It is noteworthy the presence of two review articles about the assessment of biotic
integrity of estuaries among the most cited, demonstrating the importance of compiling

information to stimulate and advance research on the subject.
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Table 3. Ranking of the 10 most cited papers related to the assessment of biotic integrity in
estuaries. We also present the number of total citations (TC), the total number of citations per
year (TCl/year) and whether the paper is about an index development.

N  Article DOl TC TC/Year Index Development
1  Borja A, 2000, Mar Pollut Bull 10.1016/S0025-326X(00)00061-8 1,011 43.95 yes
2 Muxika I, 2007, Mar Pollut Bull 10.1016/j.marpolbul.2006.05.025 430 26.87 no

3 Weisberg SB, 1997, Estuaries 10.2307/1352728 285 10.96 yes
4 Borja A, 2003, Mar Pollut Bull 10.1016/S0025-326X(03)00090-0 258 12.90 no

5 Dauvin JC, 2007, Mar Pollut Bull  10.1016/j.marpolbul.2006.08.017 233 14.56 no

6  Pinto R, 2009, Ecol Indic 10.1016/j.ecolind.2008.01.005 195 13.92 review
7 Borja A, 2005, Cont Shelf Res 10.1016/j.csr.2005.05.004 192 10.66 review
8  Muxika I, 2005, Ecol Indic 10.1016/j.ecolind.2004.08.004 190 10.55 no

9  Dauvin JC, 2007, Mar Pollut Bull  10.1016/j.marpolbul.2006.08.045 186 11.62 no
10 Deegan LA, 1997, Estuaries 10.2307/1352618 145 11.62 yes

3.3 Applicability of biotic integrity assessment indexes
Of the 334 articles addressing the assessment of biotic integrity of estuaries, only 46.4%

(N = 155) used multimetric indices. Of these, a total of 68.2% (N = 107) only aimed to apply a
previously published index, 12.1% (N = 19) tested the effectiveness of an index, and 16.6% (N
= 26) aimed to develop a new index. The remainder (3.2%, N = 5) were review studies of
indices used in the assessment of biotic integrity in estuaries. The studies that did not use biotic
indices in the assessment of estuarine integrity, for the most part, only made comparisons
between values of individual metrics between impaired sites with reference sites.

When analyzing the taxa used as indicators of disturbances in the assessment of
estuarine integrity, we evidenced a large use of benthic macrofauna (67.1%, N= 112) (Figure
5). Among the most used groups we can mention annelids (e.g., polychaetes), mollusks (mainly
bivalves), and crustaceans (mainly decapods and amphipods). We also highlight ichthyofauna

as the second most used indicator (22.8%, N= 38).
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Figure 5: Taxa used as indicators of disturbance in the assessment of biotic integrity in
estuaries, classified as microfauna/microflora, macrofauna, megafauna and flora.
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A total of 90 indices were used in studies assessing biotic integrity of estuarine
environments. A list of the 16 most used indexes is described in Table 4. The five most
commonly used indices are the AZTI's Marine Biotic Index (AMBI) (52.9%; N = 82), M-AMBI
(27.7%; N = 43) and BENTIX (13.5%; N = 21), BOPA (Benthic Opportunistic Polychaetes
Amphipods) (8.4%; N = 13) and B-1BI - Benthic Index of Biotic Integrity (7.7%; N = 12). The
fact that the AMBI was used by more than half of the studies analyzed reflects in the higher
number of citations of the works that apply this index. From the studies found, there was a
consensus about the inexistence of an index with enough amplitude to be applied in a large
spatial extent and diversity of environments, even though it was common the use of indexes
developed in one area and applied in others. In addition, in the list of the most used indexes, it

is evident the importance of macrofauna and fish as indicators of disturbances.

Table 4. List of the 16 indices most used in the assessment of biotic integrity of estuarine
environments ordered according the number of studies (N).

Ranking Tool name Abbreviation Response Taxa Area applied N Reference
1 AZTT’s Marine Biotic Index AMBI Benthos Estuarine 82 Borja et al. (2000)
2 M-AMBI M-AMBI Benthos Esurj]f:r’i‘sea”d 43 Muxika et al. (2007)
3 BENTIX BENTIX Benthos Marine gy Simbouraand Zenetos
(2002)
- - Benthos ;
Benthic Opportunistic . Dauvin and Ruellet
4 - BOPA (Polychaetes and Estuarine 13
Polychaetes Amphipods amphipods) (2007)
5 Benthic Index of Biotic Integrity B-1BI Benthos Estuarine 12 Weisberg et al. (1997)
Benthic Opportunistic Annelids Bentos (Anelids . Dauvin and Ruellet
6 Amphipods BO2A and amphipods) Estuarine 1 (2009)
7 Estuarine Fish Assessment Index EFAI Ichthyofauna Estuarine 11 Cabral et al. (2012)
8 Estuarine Biotic Integrity Index EBI Benthos Estuarine 10 Deegan et al. (1997)
9 Benthic Quality Index BQI Benthos Marine 9 Rosenberg et al. (2004)
10 Estuarine Fish Community Index EFCI Ichthyofauna Estuarine 9 Harnson(;g&\;\lhnﬁeld
11 Infaunal Trophic Index ITI Benthos Marine 9 Word (1979)
12 Transitional Ilirzzgflassﬁlcatlon TFCI Ichthyofauna Estuarine 7 Coates et al. (2007)
13 AZTT’s Fish Index AFI Ichthyofauna Estuarine 6 U”a”éggg)Bo”a
14 Fish-Based :Enségirme Bioticy EBI Ichthyofauna Estuarine 5 Breine et al. (2007)
15 French EStF‘a”“e and Lagoon ELFI Ichthyofauna Estuarine 5 Delpech et al. (2010)
Fish Index
16 Index of Biotic Integrity 1BI Ichthyofauna Freshwater 5 Karr (1981)

A total of 430 metrics were extracted from the papers. They were classified into 13
groups: (1) metrics used in index development - set of metrics used in the development of the
indices - (e.g., metrics used in the AMBI formulation), (2) metrics used in a particular

publication - set of metrics used were the same as in a particular publication - (e.g., metrics
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used in Borja et al. (2000)), (3) functional groups, (4) taxonomic composition, (5) trophic
composition, (6) population dynamics (dispersal/reproduction characteristics), (7) chemical
elements (e.g., metals), (8) habitat, (9) assembly structure, (10) abiotic parameters, (11)
sediments (e.g., grain size), (12) sensitivity to disturbance, (13) other inorganic and organic
components.

A list of the 20 most commonly used metrics is described in Table 5. From this list,
seven groups of metrics are represented. The main group of metrics used are those
corresponding to the assemblage structure (e.g., richness, abundance, biomass, etc.) being
present in 53.5% (N = 83) of the analyzed studies. Another group of metrics very important and
widely used are the abiotic parameters (e.g., temperature, salinity, pH, DO, etc.) being present
in 42.6% (N = 66).

On average, studies assessing biotic integrity in estuaries used at least 11 metrics
(Minimum = 11 and maximum = 47), with the most commonly used being “richness” (43.2%;
N = 67; metric group: assembly structure), “salinity” (28.4%; N = 44; metric group: abiotic
parameter), “dissolved oxygen” (27.7%; N = 43; metric group: abiotic parameter) and Shannon
Index (26.5%; N = 41; metric group: assembly structure). In addition to these, we observed the

use of metals, which characterizes another important metric group in these studies.

Table 5. List of the 20 most widely used metrics in studies about the assessment of ecological
integrity in estuaries.

Ranking Group Metric Unit N° of studies
1 Assemblage structure Richness N 67
2 Abiotic parameters Salinity - 44
3 Abiotic parameters Dissolved Oxygen oD 43
4 Assemblage structure Shannon Index H’ 41
5 Assemblage structure Abundance N 35
6 Abiotic parameters Depth metros 25
7 Abiotic parameters Temperature °C 24
8 Abiotic parameters Total Organic Matter TOM 23
9 Sediment Granulometry % 23
10 Other inorganic and organic components ~ Total Organic Carbon TOC 23
11 Abiotic parameters pH - 21
12 Taxonomic composition  Chlorophyll a Chla 20
(Phytoplankton)
13 Chemical elements (metal) Cadmium Cd 19
14 Chemical elements (metal) Lead Pb 19
15 Chemical elements (metal) Copper Cu 18
16 Chemical elements (metal) Zinc Zn 18
17 Assemblage structure Biomass grams 17
18 Index-Based AMBI - 16
19 Substances Total Nitrogen TN 16

20 Chemical elements (metal) Chromium Cr 15
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The results found indicate that there is no standardization in sampling methods,
regardless of the target group selected as the ecological indicator (Supplementary Material).

For instance, in the collection of benthic macroinvertebrates several types of sampling
methodologies were used (e.g., core, box core, grab, transects, cylinder tubes, etc.), and each
methodology had several adaptations. A prime example of the adaptations made is the grab
sampling, with 11 types of dredges used (box grab, Day grab, Ekman grab, Ekman-Birge grab,
Hamon grab, Petersen grab, Petit Ponar grab, Ponar grab, Shipek grab, Smith Mcintyre grab,
Van Veen grab). In addition, each grab used had a distinct sampling area, ranging from 0.03 m?
to 1.0 m2. Other methods used (e.g., box core, core, transect, and PVVC cylinder tubes) presented
areas ranging between 0.01 m? and 0.25 m?and, used at depths between 5 and 35 cm. These
methodological variations can greatly affect the efficiencies of the indices, as well as making it
difficult to compare the results.

Regardless of the sampling method employed, another important characteristic when
using benthic macroinvertebrates in the assessment of biotic integrity is the mesh size used in
field or laboratory screening. The studies found used four mesh sizes: 0.25 mm, 0.50 mm, 1
mm, and 2 mm. Of these mesh sizes, the vast majority of studies (80.2%; N = 65) used the 0.5
mm mesh, and 1 mm mesh was also widely used (27.2%; N = 22). It is noteworthy that some
studies (N = 10) used more than one mesh size, aiming to make comparisons to verify which
mesh size was more effective in describing the benthic community and, consequently, in
evaluating the environmental disturbance.

The studies that used fish as indicators of disturbance used four types of fishing nets for
sampling: seine, gillnet, trawl, and tarpon. Each of the type of nets employed had numerous
mesh sizes, ranging from 3 mm to 100 mm. The other sampling methods are available in
Supplementary Material.

Regarding the method of site selection for sampling, a total of 30 selection methods
were found, but only seven were used more than once. In the vast majority of studies (72.9%;
N = 113), past environmental assessment data were used in the selection of impaired and
reference sites. Other methods used were: using dissolved oxygen concentration values,
probabilistic (randomized), contaminant concentration in sediment based on Long et al. (1995)
threshold, and distance from stress focus (e.g., agro-industrial waste discharge).
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4. Discussion
4.1 Description of the current panorama of scientific production

Because the online publishing system as we know it today was established in the 1980s
(Souza, 2006), we found no articles filtered before 1990. Regardless, given the socioeconomic
and environmental importance that estuaries have, the number of filtered publications in this
study can be considered low. This low number of publications on environmental assessment in
estuaries has already been evidenced by O’Brien et al. (2016). In their study, these authors
indicate a ratio of 5:1 when comparing the number of studies that evaluate the biotic integrity
of other environments (e.g., streams, lakes, wetlands, etc.) with estuaries.

Despite this, it is evident that the scientific production on the assessment of estuarine
integrity has continuously increased over the years, following the growth in the
problematization and awareness of the importance of assessing the ecological condition of
estuarine environments (Hallett et al., 2019b). This can be seen in the number of publications
on the subject in the United States and in the constituent countries of the European Union
(Souza & Vianna, 2020). This has led to numerous monitoring protocols being structured,
including the development of biotic indices. However, the development of more robust and
accurate monitoring tools in tropical countries is sorely needed (Souza & Vianna, 2020).

The considerable increase in the number of annual publications in the early 2000s may
be a result of the implementation of the new European Union water use policy, the European
Water Framework Directive (WFD, Directive 2000/60/EC), which came into effect in
December 2000 (European Commission, 2000) and the Marine Strategy Framework Directive
(MSFD, Directive 2008/56/EC) (European Commission, 2008). In addition, other policies,
incentives and awareness programs may also have contributed to the increase in the number of
studies around the world, such as the Oceans Act 2000 and the Clean Water Act (1972, amended
in 1977 and put into practice in the early 1990s) in the USA and the National Water Act in
South Africa, among others (Hallett et al., 2016; Pérez-Dominguez et al., 2012). In addition,
there are several initiatives underway around the world that aim to meet the targets linked to
the Sustainable Development Goals (SDGs), launched in 2000 by the United Nations (UN).

Numerous monitoring programs have been implemented around the world in an attempt
to adequately assess estuarine environments (Borja et al., 2011; Borja et al., 2008; Hallett et al.,
2016; Pérez-Dominguez et al., 2012). Thus, the assessment of the ecological condition of

coastal and estuarine ecosystems has become a concern for environmental managers in several
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countries, aiming to ensure the long-term functioning of the ecosystem and the mitigation of
pre-existing degradation (Vasconcelos et al., 2017).

Despite this overall tendency, the number of studies conducted in tropical environments,
especially in estuarine environments, is still very scarce (Ruaro & Gubiani, 2013; Souza &
Vianna, 2020). This reality must be discussed, addressed, and analyzed by researchers and the
respective stakeholders of tropical countries, seeking to stimulate the realization of more studies
with this theme. An example of this is that a large part of the scientific production of tropical
countries, most of them underdeveloped, is published in non-indexed journals. This has a direct
impact on the dissemination and access to the results. As a consequence, the number of studies
in tropical regions may be underestimated (Ruaro & Gubiani, 2013). Even if this is the case,
we believe that this number is still too low when compared to the production of other parts of

the world.

4.2 Scientific production and influential authorship
The high number of authors evidenced in the studies analyzed is not a particularity of

studies regarding the assessment of biotic integrity in estuaries. This panorama is observed in
the scientific literature in general (Aria et al., 2021; Dervis, 2020; Fortuna et al., 2020). It is
also noteworthy that the average number of authors per article is not an effective measure to be
used in a general comparison, because it varies immensely between the themes studied and the
approaches used. We found that the four main journals (Ecological Indicators, Marine
Pollution Bulletin, Estuaries and Coasts and Estuarine, Coastal and Shelf Science) where the
studies analyzed were published have a scope and focus directly related to the assessment of
environmental integrity or directed to studies conducted in estuaries. Furthermore, we note that
the journals Ecological Indicators (FI = 4,229) and Marine Pollution Bulletin (FI = 4,049),
whose scope and focus is on the assessment of environmental integrity regardless of the type
of environment (e.g., terrestrial, rivers, lakes, estuary or sea), or more general topics, have a
higher impact factor (FI) than journals with a specific focus on estuarine environments:
Estuaries and Coasts (FI = 2,319) and Estuarine, Coastal and Shelf Science (FI = 2,929).

The nationality of the top 15 authors is an indication of which countries have well
developed and encouraged estuarine integrity assessment. We highlight Portuguese and Spanish
authors in this list, which is possibly correlated to the coastal monitoring policies mentioned
earlier. The absence of authors from other nationalities (e.g., Brazil and China) in this list was
already expected because studies on the subject in these countries are scarce, recent or only
aimed the application of some indices. Because of this, the asymmetry in the distribution of the
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number of authors and their scientific productivity is evident, indicating that few authors
published most of the articles. Results like this one provide important information to stimulate
new researchers who wish to work with the theme or for those who already execute projects on
the theme, allowing the identification of researchers who are references in the subject,
collaborating institutions and, consequently, new approaches and research trends (Adegoke &
Oni, 2018; Hota et al., 2019; Pereira et al., 2019; Tranfield et al., 2003; Wang et al., 2018).
Over the years, and especially in recent years, due to lack of funding and the need to conduct
more multidisciplinary studies, it has become increasingly necessary to establish research
networks and collaborations.

The result of the production of the authors over time, in terms of number of publications
and total citations per year, justifies the important contributions of the authors Angel Borja and
Jodo Carlos Marques, who have more than 15 years of experience in the line of research
analyzed. This fact makes these authors the main references in the evaluation of biotic integrity
in estuaries. Furthermore, the high number of authors may be an indication of the co-authorship
participation of graduate students with results from their dissertations and theses. This is an
encouraging result, as it shows that new researchers are being trained to work with the theme,
and that we can expect an improved scenario in the coming years, if stimulus and funding
programs are implemented.

In general, developed countries are commonly cited in the literature as the most
productive ones. As in the present study, the USA stands out in the ranking of total production
in several areas, always occupying the first positions among the most productive countries (Aria
etal., 2021; Fortuna et al., 2020; Wang et al., 2018; Zyoud et al., 2017). This result is pertinent
since the USA has led the SCIimago Journal & Country Rank for many years

(www.scimagoijr.com), which measures the scientific influence of academic journals and

countries. This ranking is based on the number of scientific articles, citations, self-citations,
citations per article, and H-index.

The high productivity of developed countries is a result of the greater amount of funding,
laboratory structures, and the availability of modern equipment) (Wang et al., 2018; Zyoud et
al., 2017). One factor that is evident and favors the high number of publications from developed
countries is the high level of collaboration between authors from the same country and between
authors from other countries (Zyoud et al., 2017). The opposite occurs in developing countries,
which usually present advances in some areas of research and consequently a greater number

of published articles, but in overall follow a tendency of low productivity (Ekundayo & Okoh,
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2018). In developing countries, self-funded or independent studies are the main research
scenario (Ekundayo & Okoh, 2018; Vanni et al., 2014).

A country's geographical position, language and academic culture, for example, can
result in a greater number of scientific collaborations. A good example of this is the frequent
collaboration between European countries regarding the assessment of ecological condition in
estuaries (Dauvin et al., 2012; Muxika et al., 2005; Pérez-Dominguez et al., 2012; Teixeira et
al., 2008). Regardless of the subject studied, scientific collaboration between institutions and
countries is the result of the efforts of authors from different research groups. In many cases,
this type of collaboration in studies on the assessment of ecological condition in estuaries occurs
only at the national level, as for example in the USA (Bergquist et al., 2006; Engle & Summers,
1999; Van Dolah et al., 1999), Portugal (Cardoso et al., 2012; Costa-Dias et al., 2010; Gamito
et al., 2012; Medeiros et al., 2012), China (Luo et al., 2017; Qiu et al., 2018; Zhou et al., 2018),
Germany (Wetzel et al., 2014; Wetzel et al., 2012), Belgium (Quataert et al., 2011), Australia
(Hallett et al., 2019a), Spain (Leorri et al., 2008), France (Dauvin et al., 2007) and New Zealand
(Berthelsen et al., 2018). A scientific collaboration at an international level presents several
positive aspects, among them the amount of available resources and the exchange of
knowledge/experience, which allow the execution of more complete and complex projects (de
Bem Oliveira et al., 2019).

4.3 Application of the biotic integrity assessment indexes
The record of many studies that sought to evaluate the integrity of estuarine ecosystems

through multivariate analysis instead of applying indices was already expected. However, the
presence of those that developed biotic indices for the evaluation of estuarine ecosystem
integrity in the list of most cited articles was expected given the importance of the indices in
this regard. Borja et al. (2000) was the most cited article, because they developed the biotic
index AMBI, which represents the most widely applied benthic index in the assessment of the
ecological condition of estuaries worldwide (Mulik et al., 2020). It is considered the most
suitable index to evaluate the ecological state of estuaries, even under very different
environmental conditions (Borja et al., 2015). Among the most cited papers, only three were
not developed in the context of WFD: Weisberg et al. (1997), Deegan et al. (1997) and Marques
etal. (1997).

Of these indices, according to WFD and MSFD, AMBI and M-AMBI are the most
efficient indices to evaluate the integrity of marine and coastal ecosystems (Borja et al., 2008;
Cai et al., 2015; Sigamani et al., 2015). Even with reports of the effectiveness of this index in
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the assessment of tropical estuarine environments (Borja & Tunberg, 2011), most of these
indices were developed for European coastal waters and, as mentioned before, in the context of
the WFD (Souza & Vianna, 2020). Because of this, the efficacy of these indices is only known
for temperate environments, and the suitability or adaptability for tropical environments is not
yet well defined (Lepage et al., 2016).

The correct selection of the metrics to be used in the biotic indices is paramount to the
success of the ecological assessments (Mulik et al., 2020). Metrics used in a particular study,
that are effective in determining environmental responses, are likely to be useful in other sites
under similar circumstances (Zhang et al., 2020).

The results presented here indicate the considerable use of benthic macroinvertebrates
as an indicator group in the evaluation of environmental disturbances in estuaries. This stems
from several characteristics of this group, including the fact that these organisms are an
important component of the estuarine ecosystem, present high taxonomic diversity, limited
dispersion (horizontal and vertical), low rate of migration out of the estuary, and high sensitivity
to anthropogenic disturbances (Borja et al., 2011; Borja et al., 2008; Cardoso et al., 2012;
Deegan et al., 1997; Fisch et al., 2015; Hallett et al., 2019b; Pinto et al., 2009). Changes in
environmental factors can be inferred based on changes in the abundance and biomass of
macrofauna (Liu et al., 2014). Fish are also an important ecological group in the assessment of
estuarine integrity (Cabral et al., 2012; Hallett et al., 2019a; Harrison & Whitfield, 2004;
Lepage et al., 2016), and that is why some studies address its use in conjunction with benthos
(Young et al., 2014).

Metrics such as “richness”, “abundance” and “biomass” are widely used and are the
most commonly used ecological variables in comparing impaired and reference sites (Ganesh
etal., 2014; Wetzel et al., 2012). Abiotic metrics, such as salinity, are used to evaluate estuarine
environments precisely because community composition is strongly influenced by the saline
gradient (Medeiros et al., 2021; Menegotto et al., 2019). Besides salinity, other abiotic parameters
such as dissolved oxygen, temperature and sediment granulometry are also very relevant
(Crespo et al., 2017; Ganesh et al., 2014; Muniz & Venturini, 2001). Another important group
of metrics widely used in studies are metals, given the long-term damages that they cause on
the ecosystems and the communities (Berezina et al., 2017; Chainho et al., 2008; Puente &
Diaz, 2008).

The effectiveness of sampling and methodological procedures are constantly discussed

in the scientific literature (Isabela & Decio, 2019). This discussion is important because the use
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of different methods can lead to different results and, consequently, to erroneous inferences
(Isabela & Decio, 2019).

In the present study we evidenced a high diversity of sampling methods used both in
fish and benthic macroinvertebrate sampling. This is very worrying because it makes
comparisons among studies difficult. The sampling methodology will determine the success
and efficiency of the collection (Reuscher et al., 2018) and, consequently, the effectiveness of
the evaluation (Ligeiro et al., 2020). Thus, the search for standardized sampling methods is
essential for the success of the evaluation, the comparability among studies and the reduction
of the sampling effort (Couto et al., 2010). Therefore, we suggest that more studies regarding
the discussion and standardization of sampling methods would be very important for the

development of this research field.

5. Conclusion

The assessment of the ecological condition of estuarine environments is a priority in
many countries around the world. The growth in the number of studies and the development of
numerous biotic indices indicates a demand for scientific-based conservation strategies and
adequate environmental management.

In the present study we highlight the inexistence of a broad index that can be applied in
a large spatial extent (many countries) and in a diversity of environments. Even so, it is still
common to use indices developed in one area and applied in others, mainly in tropical regions.
The use of indices applied in places not appropriate for them may incur in incorrect results, and
lead to erroneous ecological assessments. In this line, it is also necessary a better knowledge of
the sensitivity of the various species and biological groups in different spatial and
environmental contexts.

In this study we present a comprehensive information data that can help the direction of
research strategies in future studies on the assessment of biotic integrity in estuaries around the
globe. This includes the necessity of more studies on tropical environments, on the sensitivity
of the species and about methodological aspects, which can greatly contribute for the

development of the field.
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A escolha do tamanho da malha amostral na

avaliacdo quantitativa do bentos estuarino

A segunda sessdo desta tese foi
elaborada (e posteriormente traduzida)
e formatada conforme as normas do
periddico cientifico Hydrobiologia,
disponivel em:
https://www.springer.com/journal/1
0750/submission-guidelines
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Resumo

A selecdo do tamanho de malha a ser utilizado em pesquisas com a macrofauna benténica é
uma questdo bastante discutida na literatura cientifica, tendo implicacGes na viabilidade de
estudos de larga escala. Neste estudo realizamos uma analise da eficiéncia amostral de
diferentes tamanhos de malhas na amostragem de comunidades bentdnicas estuarinas. As
amostragens foram realizadas em quatro pontos no estuario do rio Primavera (Amazonia
Oriental), em setembro de 2020, utilizando quatro quadrantes (1m? cada) em cada ponto,
dispostos em duas faixas paralelas (margem do rio e bosque de mangue) situadas dentro da
regido intermareal. Em laboratério, triamos as amostras em malhas com abertura 0,5 mm, 1,0
mm e 2,0 mm e identificamos ao menor nivel taxondmico possivel (espécie ou morfoespécie).
Os resultados mostraram que a eficiéncia de retencdo das malhas 1,0 mm e 2,0 mm foram
semelhantes, quando comparada com as estimativas de densidade obtidas pela malha de
tamanho 0,5 mm. A diferenca encontrada para a riqueza de espécies deve-se principalmente a
presenca de alguns taxons encontrados apenas na malha mais fina, como ostracodes,
foraminiferos e nematddeos. Além disso, as respostas ecoldgicas por meio dos indicadores
ecoldgicos ndo apresentam diferencas entre os tamanhos de malha avaliados. A composi¢do das
espécies da malha de tamanho 1,0 mm e 2,0 mm foram similares e ambas diferiram da malha
0,5 mm. Conclui-se que a utilizagdo de uma malha maior (2,0 mm) em estudos que objetivam
a caracterizacdo biologica de habitats bentbnicos ou investigacbes de relagdes entre 0s
organismos e o habitat demostrou-se ser eficaz. No entanto, para avaliagdes da biodiversidade,
0 uso de malha mais fina (0,5 mm) apresenta melhores resultados, revelando uma maior
abundancia de individuos e riqueza de espécies.

Palavras-chave: Macroinvertebrados. Composicao de espécies. Indicadores ecoldgicos.

Introducéo

O uso de indicadores bioldgicos permite inferir sobre a condi¢do ecolégica de um
ecossistema (Borja et al., 2011; Puente & Diaz, 2008; Simboura & Zenetos, 2002). Isso é
possivel devido a relacdo entre os dados biolégicos e os graus de perturbacbes ambientais
(Engle & Summers, 1999). Diversos grupos taxondmicos séo utilizados como indicadores de
perturbacOes ambientais (Ganesh et al., 2014; Izegaegbe et al., 2020; Sany et al., 2015).

Os macroinvertebrados benténicos séo utilizados frequentemente como indicadores de
distdrbios ambientais em areas marinhas (Borja et al., 2008; Borja et al., 2000; Pearson &
Rosenberg, 1978; Young et al., 2014; Zhou et al., 2018). A vantagem da utilizacdo deste grupo
taxondmico advém de caracteristicas como intima e obrigatoria relagdo com o fundo, baixa
mobilidade, baixo custo de amostragem e alta diversidade taxondmica, de modos e historias de
vida (Gray et al, 1992; Borja et al., 2000; Docile & Figueiro, 2013; Clarke et al., 2014; Weisberg
et al., 1997). Tais caracteristicas fazem com que os macroinvertebrados benténicos apresentem
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uma sensibilidade ndo sé a poluicdo da agua, mas também as alteracfes ocasionadas nos
habitats fisicos.

As metodologias de amostragem da macrofauna bentdnica séo diversas e, por conta
disso, ndo ha padronizagdo amostral nos estudos. A escolha de uma metodologia depende das
caracteristicas sedimentares na area de estudo, recursos financeiros disponiveis, objetivo da
pesquisa e preferéncias dos pesquisadores (Rumohr, 2009). Além disso, a relacdo custo-
beneficio da amostragem (Souza & Barros, 2015), relacionado ao tempo necessario para o
processamento das amostras bem como a eficiéncia do equipamento, também influencia na
escolha do aparato de amostragem a ser utilizado (Eleftheriou, 2013; Rumohr, 2009). Essas
decisbes possuem grande relevancia cientifica, pois a metodologia utilizada influencia na
eficdcia da avaliacdo ambiental (Ligeiro et al., 2020). A busca por métodos padronizados e
eficazes de amostragem é primordial (Couto et al., 2010), principalmente quando se trata de
estudos realizados em ambientes estuarinos. Nos estuérios, as amostragens possuem um custo
elevado e sdo demoradas devido, principalmente, aos esforcos na coleta de material bioldgico
e posteriores analises laboratoriais (p.ex., triagem e identificacdo taxonémica) (Carey &
Keough, 2002).

Um dos aspectos mais discutidos em termos de metodologias de amostragem € a escolha
do tamanho da malha utilizada na retencdo da macrofauna benténica (Somerfield et al., 2018).
O uso de uma malha de 1,0 mm é bastante difundido em estudos em estuarios que usam padrdes
de macrofauna para caracterizar habitats bentdnicos (Checon et al., 2022). Mas aqueles com
finalidades mais especificas utilizam peneira com malha de 0,5 mm ou mais fina (Hemery et
al., 2017; Ptatscheck et al., 2020; Rumohr, 2009; Souza & Barros, 2015). Entre as varias etapas
da coleta de organismos bentonicos, o uso de um determinado tamanho de malha amostral pode
representar um aumento consideravel no tempo de processamento das amostras (p.ex., tempo
de triagem e de identificacdo taxondmica) (Couto et al., 2010). Assim, se dois ou mais tamanhos
de malhas apresentarem similaridades nas respectivas avaliacfes, poderemos escolher um
tamanho de malha maior, diminuindo assim o tempo de processamento em laboratério.

No presente estudo objetivamos realizar uma andlise comparativa de diferentes
tamanhos de malhas na amostragem da comunidade bent6nica estuarina. Os objetivos foram:
(1) testar se peneiras com diferentes tamanhos de malha fornecem diferentes composigdes da
comunidade bentdnica; (2) comparar o desempenho de diferentes indicadores ecoldgicos com
base em dados utilizando peneiras de 0,5 mm, 1 mm e 2 mm de malha.

Material e métodos

Area de estudo

A érea de estudo € a regido estuarina do Rio Primavera, situado no municipio de
Primavera (Figura 1), pertencente a regido bragantina do estado do Pard (Amazonia Oriental).
A regido possui clima tropical quente e imido (temperatura média de 27,7 °C e umidade do ar
entre 80 e 85%), possuindo também altos indices pluviométricos com varia¢Ges de precipitacdo
ao longo do ano (Moraes et al., 2005), determinando dois periodos sazonais: um de estiagem
(ou menos chuvoso) — com pluviometria mensal com média inferior a 60 mm de junho a
dezembro, regionalmente conhecido como “verdo amazénico”; e um periodo chuvoso, com
pluviosidade entre 2500-3000 mm, que dura de janeiro a junho, conhecido como inverno
amazonico.
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Figura 1: Pontos de coleta (o) na regido estuarina do Rio do Primavera, municipio de Primavera, estado do Para.
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Realizamos amostragens da comunidade bentdnica em setembro de 2020, em quatro

pontos de coleta nos manguezais do estudrio do Rio Primavera. Em cada ponto efetuamos
amostragens em duas faixas, uma nas margens do rio (ou canal principal) e outra dentro do
bosque de mangue. Em cada faixa estendemos uma linha paralela a margem do rio, onde foram
dispostos quatro quadrantes de 1 m? cada um, distanciados entre si em 25 m (Figura 2). Assim,
em cada ponto amostral foi obtido um total de oito quadrantes, somando 32 quadrantes
coletados nos quatro pontos amostrais (Figura 2). Todas as amostragens foram efetuadas
durante periodo de baixa maré.

Em cada quadrante coletamos 5 cm de profundidade no sedimento. As amostras foram

peneiradas in situ em peneira de malha de 0,5 mm, etiquetadas e o material preservado em
etanol a 70 %.

Amostragem
de bosque

Amostragem
na margem
Limite da maré alta 1

A

.
Y 80
q
1A e A€ ©
Limite da maré baixa 8%

Amostragem
de bosque

Amostragem
na margem

Limite da
maré baixa

Limite da

maré alta

Figura 2: Procedimento amostral em cada ponto na regido estuarina do Rio do Primavera, municipio de Primavera,
estado do Para.




141

142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

158

159
160
161
162
163
164
165
166
167
168

169

170
171
172
173
174
175

176

177
178
179
180
181
182
183
184
185

186

187
188

57

Triagem e identificacio taxondmica

Em laboratério, lavamos as amostras em agua corrente utilizando uma coluna de
peneiras com trés tamanhos de malha: 0,5 mm, 1,0 mm e 2,0 mm. Esse procedimento permitiu
a separacdo da amostra em trés estratos, ou seja, estrato 1 com bentos retidos em malha de 2,0
mm, estrato 2 com bentos retidos em malha de 1,0 mm, e estrato 3 com bentos resultantes da
retengdo em malha de 0,5 mm.

Posteriormente a lavagem e triagem, todos os espécimes foram quantificados e
identificados ao menor nivel taxonémico possivel com o uso de bibliografia especializada para
cada taxon: invertebrados gerais (Amaral et al., 2006; Matthews-Cascon & Lotufo, 2006),
moluscos (Dornellas & Simone, 2011; Leal, 2002a, 2002b; Longo et al., 2014; Rios, 2009),
poliquetas (Amaral & Nonato, 1981; Amaral & Nonato, 1996) e crustaceos (Bezerra & Junior,
2006; Ng, 2004). Quando a identificacdo dos organismos ao nivel de espécie ndo foi possivel,
mas os individuos puderam ser morfologicamente identificados e agrupados como espécies
distintas, os mesmos foram tratados como morfoespécies. Cada grupo identificado foi
devidamente separado, etiquetado, armazenados em etanol 70% e depositado nas respectivas
colegdes do Museu de Zoologia da Universidade Federal Rural da Amazonia (MZUFRA).

Variaveis bioldgicas investigadas

Para a analise comparativa de diferentes tamanhos de malhas na amostragem de
comunidade bentonica foram utilizadas seis variaveis: abundancia, riqueza, indice de riqueza
de Margalef, indice de diversidade Shannon-Wiener, indice de dominancia de Simpson e indice
de Equabilidade de Pielou. Tais variaveis foram selecionadas para anélise em virtude de sua
frequente utilizacdo em estudos de levantamento da comunidade bentdnica e de monitoramento
ambiental em ambientes estuarinos, o que destaca a eficiéncia das mesmas no diagnostico das
condicdes ecoldgicas neste ambiente.

A abundéancia (N) foi expressa em nimero de individuos por metro quadrado.

A riqueza de espécies (S) expressa simplesmente o numero total de espécies observadas.

A riqueza de Margalef (d) tem como objetivo relacionar o niumero de espécies com o

nimero de individuos de uma comunidade (Margalef, 1984). E expressa pela equacio d = %

onde S é o valor de riqueza de espécies e N o numero total de individuos. Considera-se baixa
diversidade quando d possui valor baixo.

O indice de diversidade de Shannon-Wiener (H’) € considerado o indice de diversidade
mais apropriado para amostras aleatérias de espécies de uma comunidade de interesse, pois
mede o grau de incerteza em prever a que espécie pertencera a um individuo escolhido, ao
acaso, de uma amostra com S espécies e N individuos (Shannon & Weaver, 1963). E calculado
pela equacdo H' = — Zl My % sendo i as varias espécies presentes na amostra, Ni as
abundancias de cada espeC|e e N o nimero total de individuos. Quanto menor o valor de H
menor o grau de incerteza e, portanto, a diversidade da amostra é baixa. A diversidade tende a
ser mais alta quanto maior o valor de A

O indice de dominancia de Simpson (D) é um indice que calcula a probabilidade de dois
individuos escolhidos ao acaso na comunidade pertencerem a mesma espécie. A escala de D
varia de 0 a 1, sendo quanto maior o valor de D, maior a dominéncia, ou seja, menor a
diversidade.

O indice de equabilidade de Pielou (J) busca analisar o padrdo de distribuicio dos
individuos entre as espemes sendo proporcional a diversidade (Pielou, 1969), sendo expressa

pela equacdo | = — A escala de J varia de 0 a 1, sendo que, J < 0,5 apresenta-se baixa

equitabilidade e J > 0,5 alta equitabilidade.
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Analise de dados

Assumimos que 0s organismos retidos por um dado tamanho de malha seriam retidos
por peneiras de tamanho de malha maior. Deste modo, determinamos 0s nimeros cumulativos
de organismos e espécies a partir do fracionamento cumulativo das peneiras. Assim, para
contabilizar os organismos retidos na peneira de 1 mm foram somados os dados das peneiras
de 1 mm e 2 mm, e para contabilizar os organismos retidos na peneira de 5 mm foram somados
o0s dados das duas outras peneiras.

Inicialmente, utilizamos o método de rarefagdo para comparar a eficiéncia amostral dos
tamanhos de malhas utilizados para representar a riqueza de espécies. As curvas de rarefacéo
foram feitas baseadas no esfor¢o amostral em termos (1) do numero de individuos e (2) do
numero de amostras (Gotelli & Colwell, 2001). Para isso utilizamos as fungdes do pacote
INEXT (iNterpolation e EXTrapolation) (Hsieh et al., 2016). A comparacdo das curvas €
efetuada considerando a sobreposicdo dos intervalos de confianca de 95% (Chao et al., 2014).
Para rarefacdo (interpolagcdo) e predicdo (extrapolacdo) baseou-se em amostragens de
incidéncia ou abundancia utilizando o método Bootstrap.

Para verificar se o tamanho da malha influencia na determinacdo das varidveis
bioldgicas mensuradas, primeiramente calculamos e testamos os pressupostos de normalidade
(teste de Shapiro-Wilk) e de homoscedasticidade (teste de Levene). Buscando ndo violar 0s
pressupostos de normalidade e homoscedasticidade, os dados foram logaritmizados. Utilizamos
uma Analise de Variancia em blocos, seguida de um teste post-hoc de Tukey. O uso do teste
ANOVA em blocos se deve ao fato dele possibilitar que uma segunda fonte de variacédo
aleatoria — denominada de bloco — seja controlada. Neste caso, 0s blocos representaram cada
guadrante amostrado. Assim, estimou-se apenas o efeito do tamanho de malha na variavel
resposta, sem a interferéncia das naturais diferencas entre os quadrantes.

Para sumarizar os dados da estrutura e composicdo da assembleia, utilizamos a analise
de escalonamento multidimensional n&o-métrico (Non-Metric Multidimentional Scaling —
NMDS) ordenando os 16 pontos amostrados em cada ambiente com base na similaridade de
composic¢do das espécies. Para testar a diferenca na composicao de espécies entre as trés malhas
aplicamos uma Anélise de Similaridade (ANOSIM). Os valores R resultantes revelam
diferengas na composicdo de espécies, considerando que valores de R proximos a 0 indicam
auséncia de separacdo, enquanto valores de R mais proximos de 1 sugerem separacdo entre
grupos (Clarke, 1993). Para 0 ANOSIM utilizamos o indice de dissimilaridade de Jaccard, que
considera apenas a presenca/auséncia das espécies nas amostras, e a distancia de Gower
modificada, com os dados de abundancia logaritmizados em base 2, desta forma também
representando as abundancias das espécies na composicdo (Anderson et al., 2006).

Adicionalmente, com a finalidade de determinar a retengéo percentual e seletividade das
malhas testadas, utilizamos o Método de Classificacdo Multinormal de Espécies (CLAM)
(Chazdon et al., 2011). O CLAM é um analise que tem como objetivo de verificar a
especificidade na composicdo de espécies, dividindo-os em quatro grupos com base em sua
frequéncia de ocorréncia com um limiar de especializagdo de 60%. Os grupos foram: (i)
espécies retidas em malha de tamanho maior; (ii) espécies retidas em malha de tamanho menor;
(iii) espécies retidas em todas as malhas comparadas (ou seja, espécies generalistas); e (iv)
espécies com baixa frequéncia de ocorréncia em qualquer um dos tamanhos de malhas, deste
modo consideradas raras.

Todas as andlises foram consideradas a um nivel de significancia de 95% e executadas
no software R versdo 4.1.0 (R Foundation for Statistical Computacéo) (R Core Team, 2023),
usando o pacote Vegan (Oksanen et al., 2019).
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Resultados

Ao todo foram coletados 6.226 espécimes, pertencentes a 59 taxons dos filos Anellida,
Arthropoda, Foraminifera, Mollusca e Nematoda (Tabela 1). Desse total, 2.940 individuos
(representando 35 espécies) correspondem aqueles encontrados na margem do rio e 3.286
(representando 52 espécies) no bosque de mangue. 1sso correspondeu aos organismos coletados
na malha de 0,5 mm (que corresponde a soma dos dados das malhas de 0,5 mm, 1,0 mm e 2,0
mm).

A amostragem na margem do rio apresentou uma retengdo média de 47% de abundéancia
de individuos e 60% na riqueza de espécies com malha de 1,0 mm. Com a malha de 2,0 mm, a
retencdo média foi de 37% de abundancia e 49% na riqueza. Os resultados da amostragem no
bosque de mangue foram bem semelhantes, com retencdo média de 48% de abundancia e 49%
na riqueza com malha de 1,0 mm, e de 41% de abundancia e 44% na riqueza com a malha de
2mm (Tabela 1).

Os moluscos foram mais abundantes e diversos nas amostragens realizadas margem do
rio, independentemente do tamanho da malha considerada (Figura 3). De forma bem semelhante
foi observado na amostragem no bosque do mangue, com 0s moluscos mais abundantes
independentemente do tamanho da malha considerada. No entanto, nesta regido amostral
(Figura 3), destaca-se a maior riqueza de espécies de anelideos em malha de 2,0 mm (Figura
3). Outra observacdo importante é a presenca de foraminifera e nematodeos apenas na malha

de 0,5 mm.
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Figura 3. Comparacdo da composicdo relativa da comunidade bentbnica do Rio Primavera, derivada de
amostragem na margem do rio e bosque de mangue obtidos com peneiras de 0,5 mm, 1 mm e 2 mm. A composicéo
é descrita como percentual da densidade populacional por m? e riqueza de espécies.
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263  Tabela 1: Composicdo da comunidade bentdnica amostrada na margem do rio e no bosque de mangue situados no rio Primavera.

MARGEM DO RIO BOSQUE DE MANGUE
Tamanho das malhas Tamanho das malhas
Amostras
N Taxa Espécies Amostras 9.5 mm 1.0 mm 2.0mm com o 0.5 mm 1.0 mm 2.0mm TOTAL
técxoonr"]l ?n) Densidade Densidade  Retencdo  Densidade Retencdo Soma  t@Xon(n)  Densidade Densidade Retengdo Densidade Retengdo  Soma
Ind.m? Ind.m? % Ind.m2 % Ind.m? Ind.m2 % Ind.m2 %

1 Anellida Alitta succinea 1 1,0 1,0 100% n.p. 0% 1 1 3,0 3,0 100% 3,0 100% 3 4

2 Diopatra sp. 1 1,0 1,0 100% 1,0 100% 1 1

3 Glycera sp. 2 4,0 n.p. 0% n.p. 0% 8 8

4 Laeonereis acuta 1 2,0 2,0 100% 2,0 100% 2 2

5 Namalycastis abiuma 1 1,0 1,0 100% 1,0 100% 1 1

6 Neanthes bruaca 1 4,0 n.p. 0% n.p. 0% 4 2 4,5 1,0 11% 1,0 11% 9 13

7 Nereis riisei 4 15 15 100% 15 100% 6 6

8 Nereis sp.1 1 2,0 2,0 100% 2,0 100% 2 2

9 Nereis sp.2 1 1,0 1,0 100% n.p. 0% 1 1 4,0 n.p. 0% n.p. 0% 4 5
10 Perinereis anderssoni 1 2,0 2,0 100% 2,0 100% 2 2
11 Perinereis ponteni 1 3,0 3,0 100% 3,0 100% 3 3
12 Pisione sp. 2 1,0 1,0 100% 1,0 50% 2 2
13 Spio sp. 2 2,5 1,0 20% 1,0 20% 5 1 4,0 n.p. 0% n.p. 0% 4 9
14 Arthropoda Acari indet. 13 22,5 n.p. 0% n.p. 0% 292 14 38,6 n.p. 0% n.p. 0% 540 832
15 Pseudodiaptomus sp. 1 4,0 n.p. 0% n.p. 0% 4 4
16 Insecta indet. (larva) 9 8,4 2,0 21% 19 20% 76 11 13,9 45 29% 43 28% 153 229
17 Uca sp. 13 10,7 10,7 100% 10,7 100% 139 7 6,1 6,1 100% 6,0 98% 43 182
18 Callinectes sp. 1 1,0 1,0 100% 1,0 100% 1 1
19 Amphipoda indet. 4 2,8 1,0 27% 1,0 18% 11 3 31,0 3,0 10% 2,0 2% 93 104
20 Stomatopoda indet. 1 1,0 1,0 100% 1,0 100% 1 8 6,9 1,8 20% 1,6 15% 55 56
21 Macrobrachium sp. 1 1,0 1,0 100% 1,0 100% 1 1
22 Ostracoda indet. 11 75,0 1,0 0% 1,0 0% 825 9 65,6 2,0 0% n.p. 0% 590 1415
23 Foraminifera  Foraminifera indet. 13 335 n.p. 0% n.p. 0% 436 13 40,0 n.p. 0% n.p. 0% 520 956
24 Mollusca Chione sp. 1 4,0 n.p. 0% n.p. 0% 4 1 4,0 n.p. 0% n.p. 0% 4 8
25 Crassostrea gasar 3 2,0 2,0 100% 2,0 100% 6 3 2,3 2,3 100% 2,3 100% 7 13
26 Cyclinella tenuis 7 259 1,0 1% n.p. 0% 181 4 25,0 n.p. 0% n.p. 0% 100 281
27 Leukoma pectorina 1 2,0 2,0 100% 1,0 50% 2 2
28 Mytella charruana 6 1,2 1,2 100% 1,2 86% 7 11 2,8 2,8 100% 2,7 97% 31 38
29 Neoteredo reynei 1 1,0 1,0 100% 1,0 100% 1 1
30 Polymesoda caroliniana 14 18,1 13,0 67% 8,5 44% 253 14 55,3 57,7 97% 60,0 85% 774 1027
31 Semele proficua 9 4,6 4,6 100% 4,4 98% 41 2 25 2,5 100% 2,5 100% 5 46
32 Semele sp. 6 58 5,2 89% 5,2 89% 35 3 2,0 2,0 100% 2,0 100% 6 41

33 Semelidae indet. 1 4,0 n.p. 0% n.p. 0% 4 4
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MARGEM DO RIO

Tamanho das malhas

BOSQUE DE MANGUE
Tamanho das malhas

Amostras Amostras
N Taxa Espécies com o 0,50 mm 1,0 mm 2,0 mm com o 0,50 mm 1,0 mm 2,0 mm TOTAL
taxon (N)  Densidade Densidade Retencdo Densidade Retencio Soma  t&xon(n)  pensidade Densidade Retengdo Densidade Retengdo  Soma
Ind.m? Ind.m % Ind.m % Ind.m? Ind.m? % Ind.m? %

34 Mollusca Sphenia fragilis 1 2,0 2,0 100% 2,0 100% 2 2
35 Tagelus plebeius 1 1,0 1,0 100% 1,0 100% 1
36 Tellina sp. 1 4,0 n.p. 0% n.p. 0% 4 4
37 Veneridae indet. 1 12,0 n.p. 0% n.p. 0% 12 12
38 Veneridae indet.2 1 4,0 n.p. 0% n.p. 0% 4 4
39 Assiminea sp. 3 13 13 100% 1,0 25% 4 4 2,8 15 271% n.p. 0% 11 15
40 Assiminea succinea 4 10,0 n.p. 0% n.p. 0% 40 3 4,0 n.p. 0% n.p. 0% 12 52
41 Circulus sp. 1 4,0 n.p. 0% n.p. 0% 4 2 4,0 n.p. 0% n.p. 0% 12
42 Heleobia sp. 1 1,0 1,0 100% 1,0 100% 1 4,0 n.p. 0% n.p. 0% 4 5
43 Hidrobiidae indet. 1 1,0 1,0 100% n.p. 0%
44 Ketosia sp. 1 4,0 n.p. 0% n.p. 0% 4 4
45 Melampus coffea 6 8,7 8,7 100% 8,3 96% 52 6 13,2 13,2 100% 13,2 100% 79 131
46 Monoplacophora indet. 3 4,0 n.p. 0% n.p. 0% 12 12
47 Natica sp. 4 5,0 n.p. 0% n.p. 0% 20 2 6,0 n.p. 0% n.p. 0% 12 32
48 Onchidium sp. 3 23 2,3 100% 2,3 100% 7 1 84,0 84,0 100% 84,0 100% 84 91
49 Parnavasis obesa 1 1,0 1,0 100% 1,0 100% 1 1
50 Parodizia uruguayensis 2 6,5 1,0 8% n.p. 0% 13 13
51 Phasianellidae indet. 1 12,0 n.p. 0% n.p. 0% 12 12
52 Rissoella sp. 1 24,0 n.p. 0% n.p. 0% 24 24
53 Solariellidae indet. 1 4,0 n.p. 0% n.p. 0% 4 3 53 n.p. 0% n.p. 0% 16 20
54 Solariorbis schumoi 1 2,0 2,0 100% n.p. 0% 2 2
55 Stramonita floridana 1 1,0 1,0 100% 1,0 100%
56 Tenagodus sp. 1 4,0 n.p. 0% n.p. 0%
57 Nematoda Nematoda indet. 1 1 4,0 n.p. 0% n.p. 0% 4 4
58 Nematoda indet. 2 4 61,0 n.p. 0% n.p. 0% 244 2 12,0 n.p. 0% n.p. 0% 24 268
59 Nematoda indet. 3 6 30,7 n.p. 0% n.p. 0% 184 4 4,0 n.p. 0% n.p. 0% 16 200

TOTAL 2940 3286

Legenda: n.p. = ndo presente.
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A partir da curva de rarefagdo com base no nimero de individuos é possivel perceber
que a riqueza de espécies bentbnicas coletadas na margem do rio ndo difere entre os trés
tamanhos de malhas analisados. Isso é indicado pela sobreposicao dos intervalos de confiangas
das curvas (Figura 4A). As curvas de rarefacdo dos macroinvertebrados coletados no bosque de
mangue indicam que a riqueza de espécies entre as malhas de tamanhos 1,0 mm e 2,0 mm séo
semelhantes, mas estas diferem do tamanho de malha 0,5 mm (Figura 4B), possuindo um maior
numero de espécies. Além da interpolacdo, também sdo indicadas as extrapolacGes que nos
permite estimar o nUmero de espécies ao ser aplicado um esfor¢o de coleta maior.

As curvas de rarefacdo com base no nimero de amostras foram semelhantes nos dois
ambientes amostrados (margem do rio e bosque de mangue), indicando similaridade na riqueza
de espécies nas malhas de tamanho 1,0 m e 2,0 mm e divergéncia entre estas malhas e a de
tamanho 0,5 mm (Figura 4C-D). Destaca-se que as extrapolacbes indicam, em ambos 0s
ambientes, que a riqueza acumulada tende a aumentar com o aumento do namero de amostras.
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Figura 4. Curvas de rarefacdo da comunidade bentdnica considerando os trés diferentes tamanhos de malha nas
amostragens realizadas na margem do rio (A e C) e bosque de mangue (B e D).
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A comparacdo das variaveis biologicas entre os tamanhos de malha apresentou
resultados semelhantes nas amostragens da margem do rio e do bosque de mangue (Figura 5).

Na margem do rio, a densidade (F(2,30=33.947; p<0.001) e a riqueza (F(,30=51,202;
p<0.001) na malha de 0,5 mm foram significativamente maiores do que em malhas maiores,
com uma densidade de individuos de 153,53 ind.m* (p<0,001) e cinco espécies (p<0,001) a
mais do que em malhas de tamanho 1,0 mm e densidade de individuos de 157,69 ind.m
(p<0,001) e seis espécies (p<0,001) a mais do que em malhas de tamanho 2,0 mm. N&o houve
diferencas significativas na comparacdo da densidade de individuos (p=0,983) e riqueza de
espécies (p=0,826) entre as malhas 1,0 mm e 2,0 mm. A comparagdo da riqueza de Margalef
entre os tamanhos malhas indica diferengas significativas (F30=23,256; p<0,001),
apresentando que malha de 0,5 mm s&o menos diversas do em 1,0 mm (p=0,001) e 2,0 mm
(p=0,983), ndo havendo diferencas significativas entre as malhas maiores (p=0,988). Nao houve
diferencas significativas nas comparagdes dos demais indices de diversidade entre os tamanhos
de malha: diversidade Shannon-Wiener (F30=8,203; p=0,067), dominancia de Simpson
(F2,30=2,088; p=0,141) e equabilidade de Pielou (F(,30=2,126; p=0,136).

No bosque de mangue, a densidade de individuos (F(,30=26,894; p<0.001) e a riqueza
de espécies (F(,30=36,744; p<0.001) encontradas no tamanho da malha de 0,5 mm foram
significativamente maiores do que em malhas maiores, com um total de 136,25 ind.m
(p=0,008) e cinco espécies (p<0,001) a mais do que em malhas de tamanho 1,0 mm e 143,375
ind.m (p=0,005) e seis espécies (p<0,001) a mais que que em malhas de tamanho 2,0 mm.
N&o houve diferengas significativas na comparacdo da densidade de individuos (p=0,985) e
riqueza de espécies (p=0,584) entre as malhas 1,0 mm e 2,0 mm. N&o houve diferencas
significativas nos indices de diversidade entre os tamanhos de malha: riqueza de Margalef
(F2,30=7,497; p=0,237), diversidade Shannon-Wiener (F,30=8,203; p=0,067), dominéncia de
Simpson (F,30=2,088; p=0,141) e equabilidade de Pielou (F(,30=2,126; p=0,136).

As diferencas significativas encontradas na densidade de individuos e riqueza de
espécies, tanto nas amostragens realizadas na margem do rio quanto no bosque de mangue, se
deveram a presenca de alguns taxons encontrados apenas na malha mais fina, com destaque aos
micromoluscos, nematddeos e foraminiferos.

A estrutura das comunidades na margem do rio (Rjaccara=0,258, p<0,001; Reower=0,136,
p<0,001) e no bosque de mangue (Rjaccard =0,223, p<0,001; Reower=0,089, p<0,001) variou
significativamente entre malhas. No NMDS ¢é possivel observar a formacdo de um grupo que
reuniram as amostras das malhas 1,0 mm e 2,0 mm, e outro com aquelas da malha 0,5 mm
(Figura 6A e 6B). Verifica-se que as dissimilaridades geradas pelo indice de Jaccard (dados de
presenca/auséncia das espécies) foram maiores do que as geradas pela distancia de Gower
(dados de abundéancia das espécies).

A partir da analise de seletividade das malhas, testada pela CLAM, fica claro quais séo
as espécies que sdo retidas especificamente em cada tamanho de malha e que séo determinantes
na diferenciacdo das comunidades bentdnica (Tabela 1 e Figura 7). A similaridade encontrada
entre a composicdo de espécies entre malhas de tamanho 1,0 mm e 2,0 mm também ¢é
corroborada com os resultados da analise CLAM. Ou seja, a0 comparar a composicao
representativa das espécies retidas em malhas de 1,0 mm e 2,0 mm, n&o se evidenciou diferenca
estatistica entre esses dois tamanhos de malha, ndo sendo indicadas especificidade na
composicdo. Assim, as espécies presentes foram classificadas por generalistas, ou seja, as
mesmas espécies sdo retidas em ambas as malhas (Figura 7). Isso foi observado tanto nas
amostragens realizadas na margem do rio quanto no bosque de mangue. O resultado da anélise
CLAM entre as malhas maiores com a de 0,5 mm deixa claro quais sdo as espécies gque estao
presentes apenas na malha menor (Arachnida indet., Ostracoda indet., Foraminifera indet.,
Cyclinella tenuis, Nematoda morf. 2 e Nematoda morf. 3), sendo os nematddeos presentes
apenas no bosque de mangue.
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Figura 6. Resultado da nMDS ordenando a composi¢do bentbnica considerando os trés diferentes tamanhos de
malha nas amostragens realizadas na margem do rio (A e C) e bosque de mangue (B e D), usando cada uma das
varias medidas de dissimilaridade (A e B: Indice de Jaccard; C e D: medida de Gower).
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Figura 7. Analise de CLAM agrupando as

espécies encontradas em especialistas, generalistas e raras quanto a

retencdo por tamanho de malhas (2,0 mm, 1,0 mm e 0,5 mm) nas amostragens realizadas na margem do rio e
bosque de mangue. NUmeros representam as seguintes espécies: Arachnida indet. (14), Larva de Insecta (16), Uca
sp. (17), Amphipoda indet. (19), Stomatopoda indet. (20), Ostracoda indet. (22), Foraminifera indet. (23),
Cyclinella tenuis (26), Mytella charruana (28), Polymesoda caroliniana (30), Semele proficua (31), Semele sp.1
(32), Melampus coffea (45), Onchidium sp. (48), Nematoda morf. 2 (58) Nematoda morf. 3 (59).



353

354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402

66

Discussao

O tamanho de malha utilizado para o processamento das amostras afeta diretamente a
retencdo da fauna bentbnica, o que por sua vez pode alterar a caracterizacdo das comunidades
(Checon et al., 2022). No presente estudo, a densidade geral e a riqueza de espécies foram
significativamente maiores no tamanho de malha mais fino. Esses padrdes eram esperados,
visto que a comunidade das malhas maiores sdo subconjuntos das malhas de tamanho menor.
Isso é uma caracteristica ja relatada em outros estudos (Checon et al., 2022; Couto et al., 2010).

O percentual de retencdo das malhas de 1,0 mm e 2,0 mm no presente estudo séo
similares aos encontrados por outros estudos realizados (34-50%) (Reish, 1959; Word, 1980).
Um bom exemplo disso é o estudo recente de Checon et al. (2022), que encontrou abundancia
total com a malha de 1,0 mm de apenas 37,04% da abundancia encontrada com a malha mais
fina, sendo um numero considerado baixo, embora valores proximos tenham sido encontrados
por outros autores (Couto et al., 2010; Muniz & Pires-Vanin, 2005; Pinto et al., 2009). No
entanto, outros estudos indicam que a abundéncia total obtida com malhas de 1,0 mm pode
chegar a 50-70% daquela retida em malha de 0,5 mm (Bachelet, 1990; Hammerstrom et al.,
2012; Lampadariou et al., 2005).

Ariqueza de espécies também apresentou resultado bem divergente aos encontrados por
muitos estudos (Checon et al., 2022; Lampadariou et al., 2005; Rodrigues et al., 2007; Souza
& Barros, 2015; Thompson et al., 2003). Estes relatam que o total de espécies na peneira de
1,0 mm comumente chega perto de 90% da registrada com a malha de 0,5 mm. No presente
estudo, encontramos um percentual abaixo que dos relatados pelos autores mencionados.

Na literatura ndo ha uma justificativa concreta acerca da amplitude das diferencas
mencionadas acima quanto a abundéncia de individuos e riqueza de espécies. Uma possivel
explicacdo pode ser a influéncia da estacdo de amostragem e tipo de habitat (Couto et al., 2010).
Outras indicam que essa distingdo advem das diferencas latitudinais entre as areas de estudo
(Checon et al., 2022). Isso seria possivel devido ao aumento gradual do tamanho do corpo das
espécies bentdnicas ao longo da latitude e de temperaturas mais frias (Defeo & McLachlan,
2013). No entanto, esse padrdo relacionado a diferenca latitudinal n&o foi observado por Checon
et al. (2022) ao comparar os resultados de seu estudo com aqueles realizados em latitudes mais
altas. Outra explicagdo é de que a maior abundéncia e riqueza de malhas menores é resultado
da retencédo de individuos jovens (Bachelet, 1990; Checon et al., 2022; Thompson et al., 2003),
bem como pode ser atribuida a espécies de pequeno porte (Checon et al., 2022).

A auséncia de diferencas significativas nos indices de diversidade entre os tamanhos de
malha diverge dos resultados encontrados por Couto et al. (2010). Estes autores sugerem que
as diferencas encontradas em seu estudo entre as malhas de tamanho 0,5 mm e 1,0 m variaram
de acordo com as circunstancias ambientais (p.ex., habitat, faixa de salinidade, estagéo do ano,
tipo de ecossistema, etc.). Deste modo, os autores concluem que a malha de 0,5 mm é mais
capaz de capturar informacGes importantes das comunidades, o que melhoraria as avaliages
ecologicas. Porém, isso nao reflete os resultados do presente estudo.

Em nosso estudo, anelideos (p.ex., poliquetas) e moluscos (p.ex., bivalves e
gastropodes) dominaram a riqueza de espécies da fauna benténica. Destaca-se que, mesmo que
esses grupos sejam considerados como os de menor retencdo com o aumento do tamanho de
malha (Bachelet, 1990; Tanaka & Leite, 1998), ndo observamos perdas significativas com o
aumento da malha. Neste sentido, a maior riqueza encontrada apenas na malha de 0,5 mm
advém de espécies diminutas, tais como os micro moluscos, foraminiferos, ostracodes e vermes
nematodeos.

A perda de abundéancia de individuos e riqueza de espécies com o uso das malhas
maiores (p.ex., malhas de 1,0 mm ou 2,0 mm) pode acarretar representacdo equivocada da
composicdo da biodiversidade local (Connolly et al., 2014; Ellingsen et al., 2007) e,
consequentemente, afetar negativamente a avaliacdo da biodiversidade, conforme encontrado
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por Checon et al. (2022). No presente estudo, mesmo que os resultados de ANOSIM tenham
destacado diferencas nas composicoes de espécies, principalmente quando somente a incidéncia
das espécies foi considerada, ndo detectamos grande perda de informacéo sobre as espécies
coletadas. Isso foi indicado pela baixa especificidade de retencdo de espécies em malhas de 0,5
mm, representando 10% da riqueza total de espécies na margem do rio e 8% no bosque de
mangue.

Além do mencionado, a escolha de um determinado tamanho de malha est4 relacionada
ao tipo de substrato do local de estudo. Por exemplo, em substratos mais arenosos € comumente
utilizada a malha de 1,0 mm, ja em substratos lamosos o uso da malha de 0,5 mm é maior
(Eleftheriou, 2013). Outra caracteristica importante é que o uso da peneira de malha mais fina
(p.ex., 0,5 mm) requer consideravelmente mais esforco para triagem, quantificagéo e taxonomia
do que a peneira de malha de 1,0 mm (Kingston & Riddle, 1989). Neste sentido, se uma malha
maior possibilita uma avaliacdo semelhante a de uma malha menor, torna-se vantajosa a
utilizacdo desta malha, pois reduz o custo e o esfor¢co amostral (Couto et al., 2010). Além disso,
0 uso de uma malha maior pode ocasionar uma reducdo de tempo consideravel no tempo de
triagem, 0 que pode viabilizar a realizacdo de estudos em larga escala, abrangendo muitos
pontos amostrais (Hughes & Peck, 2008).

Nossos resultados mostraram que as malhas de tamanhos de 1,0 mm e 2,0 mm
apresentaram similaridade em todas as variaveis ecoldgicas utilizadas. J& a comparacao entre
estes tamanhos de malha com a de 0,5 mm apresentou resultados variados, com algumas
variaveis ecoldgicas utilizadas apontando similaridades e outras divergéncias. 1sso sugere que
em estudos que objetivam a caracterizacao das espécies presentes ou que buscam relacionar o0s
organismos e 0s habitats estuarinos pode ser utilizado utilizando uma malha maior, o que
permite uma abordagem mais econémica em termos de esforco amostral. No entanto, para
avaliagOes de biodiversidade mais detalhadas, o uso de malha de 0,5 mm apresenta melhores
resultados, englobando uma maior abundancia de individuos e riqueza de espécies,
principalmente em ambientes de bosque de mangue. Recomendamos que a escolha por um
determinado tamanho de malha deve ser avaliada cautelosamente, com base nos objetivos
especificos de cada estudo, e nos recursos humanos, financeiros e tempo disponiveis.
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4. CONCLUSAO GERAL

Os resultados apresentados nesta tese permitiram caracterizar detalhadamente o
panorama da producdo cientifica acerca da avaliacdo da integridade de ambientes estuarinos.
Neste contexto, verifica-se que mesmo com um aumento constante no nimero de publicacdes
acerca do tema ao longo do tempo, um grupo bem reduzido de atores atuam nessa linha de
pesquisa. Destacam-se paises como os EUA, Espanha e Portugal, onde o tema e bem abordado
e estudado, resultante as diretrizes ambientais propostas em cada um deles.

A avaliacdo da condicdo ecoldgica do ambiente estuarino é uma prioridade de inimeros
paises pelo globo, o que resultou no desenvolvimento de inimeros indices. No entanto, 0s
estudos recentes indicam que inexistem indices amplos e que podem ser aplicados em diversas
areas no mundo. Porém, evidenciou-se a aplicacdo ampla de um pequeno nimero de indices
em um grande namero de locais, espalhados por todo o globo. Isso é preocupante, pois esse uso
indiscriminado pode enviesar os resultados e, consequentemente, caracterizar de forma errdnea
a condicdo ecoldgica dos ecossistemas.

Além disso, verifica-se uma lacuna de estudos em paises tropicais. Neste sentido, é
evidente a necessidade do desenvolvimento de indices de avaliacdo especificos para essas
regides, principalmente devido as suas multiplas particularidades locais.

Em suma, as informac@es bibliograficas apresentadas permitem o direcionamento de
pesquisas estratégias em estudos futuros acerca da avaliacdo da integridade bi6tica em estuarios
em todo o globo.

Outro resultado importante encontrado nesta tese € que os valores de indices ecoldgicos
ndo apresentaram diferencas expressivas ao comparar tamanhos de malhas. Isso permite 0s
estudos que objetivam o levantamento da fauna bentonica e investigacGes de relacfes entre 0s
organismos e o0s habitats estuarinos pode ser utilizado utilizando uma malha maior, o que
permite uma abordagem mais econémica em termos de esforco amostral.

Destaca-se a que escolha por um determinado tamanho de malha deve ser avaliada
cautelosamente e, se necessario, com a realizacdo de uma amostragem preliminar, se baseando
nos objetivos especificos de cada estudo e recursos (p.ex., humanos e financeiros) e tempo

disponiveis.
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