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RESUMO

A pesca artesanal € uma atividade difundida ao redor do mundo. No Brasil, a pesca de pequena
escala em &guas continentais ¢ uma atividade complexa e de importancia socioecondmica. As
crises econémicas do pais tornam a atividade pesqueira, que é de baixo investimento, a primeira
opcao de renda, principalmente em locais mais afastados dos centros urbanos e com pouco
desenvolvimento. No entanto, a elevacdo nas temperaturas globais e as alteracGes
antropogénicas, como o desmatamento e a construcdo de hidrelétricas, ameagcam 0s regimes
hidrolégicos dos rios, comprometendo a conservacao e a diversidade de peixes. Nesse estudo
analisamos a variabilidade espaco-temporal da pesca artesanal da Amazo6nia a partir de um
extenso banco de dados, sobre as capturas de 42 etnoespécies de peixes. O trabalho foi
estruturado em trés capitulos. No primeiro associou-se a captura total de peixes ao ciclo
hidrolégico, a tendéncia temporal do esforco e as principais artes de pesca (redes e linhas), em
ambientes alagaveis e em canais de rios do Baixo Amazonas (1993 a 2011). Os maiores
volumes de capturas foram com as redes de emalhe (98.65%) e nos ambientes de lagos
(64.98%). A producéo e o esforco apresentam tendéncia significativa decrescente na pesca com
redes, tanto em ambientes alagaveis como nos rios. A influéncia do ciclo de inundacGes explica
a variabilidade das capturas ao longo do ano. O pulso de inundagdo controla a logica da
produtividade pesqueira da regido, que é aproveitada pelos pescadores. As alteraces nesta
dindmica podem afetar a tradicionalidade pesqueira e a economia dos pescadores. No segundo
capitulo, analisou-se os efeitos da variabilidade climatica nas pescarias, utilizando um grupo de
espécies de peixes capturados na regido do Baixo Amazonas (1993 a 2005). A umidade, o calor
latente e a temperatura da superficie do mar influenciaram a produtividade com redes e linhas.
A CPUE das redes sofreu efeito negativo e imediato do El Nifio, enquanto nas linhas o efeito
foi positivo com defasagem de oito meses. Os resultados sugerem que 0s eventos climéaticos
modulam os resultados das pescarias, influenciando o ecossistema, o habitat e os nichos
ecologicos e afetando assim o sucesso do recrutamento dos peixes a pesca. O terceiro capitulo
analisou a dinamica espaco-temporal dos maparas (Hypophthalmus spp.) e mandubés
(Ageneiosus spp.) em lagos de varzea e rios amazonicos e as relagdes das capturas com variaveis
pesqueiras e ambientais (1993 a 2004). A pesca dos maparas e mandubés € uma pescaria sazonal
do periodo de aguas altas, com pico de produgdo em marco. Os volumes de produgéo se mantém
estaveis ao longo dos anos. Os locais de captura de maparas e mandubés sofreram alteracdo ao
longo do tempo, isto €, locais que eram bem produtivos no inicio do periodo estudado tornaram-

se menos produtivos ao final do periodo. O nimero de viagens aos locais de pesca e a distancia
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dos pesqueiros aos portos de desembarques foram as varidveis que melhor definiram a
variabilidade das capturas. Locais mais proximos dos municipios dos portos de desembarque
resultaram menos produtivos em todo o periodo. Esses resultados sdo relevantes para entender
a dindmica da pesca e subsidiar medidas eficazes de manejo e conservacao.
PALAVRAS-CHAVE: Captura. Esforco. CPUE. Variabilidade climética. Espago-tempo
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ABSTRACT

Aurtisanal fishing is a widespread activity around the world. In Brazil, small-scale fishing in
continental waters is a complex activity of socioeconomic importance. The economic crises
make low investment small scale fishing, the first income option, mainly in places farther from
urban centers with low development. However, the rise of global temperatures and
anthropogenic changes, such as deforestation and hydroelectric dams, threaten the hydrological
regimes of rivers, compromising the conservation and diversity of fish. In this research, we
analyzed the space-time variability of artisanal fishing in the Amazon from an extensive
database of catches of 42 ethno-species of fish. The manuscript is structured in three chapters.
In the first one, the total fish catch was associated with the hydrological cycle, the temporal
trend of effort and the main fishing gear (nets or lines), in flooded environments and in river
channels of the Lower Amazon (1993 to 2011). The largest catch was obtained with gill nets
(98.65%) and in lakes (64.98%). Yield and effort with nets show a significant downward trend,
both in flooded environments and in rivers. The influence of the flood cycle explains the
variability of catches throughout the year, and controls the logic of fishing productivity, which
is used by fishermen. The alterations in this dynamic can affect the fishing tradition and the
fishermen's economy. In the second chapter, the effects of climate variability on fisheries were
analyzed, using a group of fish species caught in the Lower Amazon region (1993 to 2005).
Moisture, latent heat and sea surface temperature influenced productivity with nets and lines.
The CPUE of gill nets suffered a negative and immediate effect from EI Nifio, while the effect
on the lines was positive with a lag of eight months. The results suggest that weather events
modulate fisheries outcomes, influencing the ecosystem, habitat and ecological niches, thus
affecting the success of fish recruitment to fisheries. The third chapter analyzed the space-time
dynamics of Hypophthalmus spp. and Ageneiosus spp. in floodplain lakes and Amazonian
rivers and the relationships between catches and fisheries and environmental variables (1993 to
2004). Fishing for maparas and mandubés is a seasonal fishery during the high water period,
with peak production in March. Production volumes remain stable over the years. The capture
locations of maparas and mandubés have changed over time, meaning, locations that were very
productive at the beginning of the studied period became less productive at the end of the period.
The number of visits to fishing sites and the distance from fishing grounds to landing ports were
the variables that best defined the variability of catches. Locations closer to the disembarking

port municipalities were less productive throughout the period. These results are relevant to
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understand the dynamics of fishing and support effective management and conservation
measures.
KEYWORDS: Capture. Effort. CPUE. Climate variability. Space time.
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1. ESTRUTURA DA TESE
A tese estd no formato de um capitulo geral integrador e artigos cientificos, os quais
correspondem aos capitulos deste manuscrito. Esta organizacdo obedece ao Regimento Geral
do Programa de Pds-Graduagdo em Ecologia Aquatica e Pesca, Resolucdo n°® 4.782 de 24 de
fevereiro de 2016 (Art. 67), formatado de acordo com as regras atuais vigentes da Biblioteca
Central da UFPA. Os artigos seguem as normas dos periddicos aos quais estdo ou serdo
submetidos.
Desta forma, a presente tese contém uma introducdo geral, trés capitulos, que estdo no
formato de artigos cientificos e uma secdo com considerac@es finais, a saber:
v" Introducdo geral: apresenta tépicos sobre o estado do conhecimento da problematica da
pesca no Baixo Amazonas.
v CAPITULO 1: The hydrological cycle in the Brazilian lower Amazon determines
fishing capture and gear patterns
v CAPITULO 2: How does climate change affect small scale fisheries? A case study of
the Lower Amazon in Brazil
v CAPITULO 3: Mudangas espaco-temporais da pesca artesanal na Amazonia brasileira
v Consideracdes finais: foi elaborada uma sintese, para a conclusdo do trabalho, bem

como, recomendagdes com embasamento nos resultados obtidos.
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2. INTRODUCAO GERAL

De grande importancia para as nagdes em desenvolvimento, a pesca artesanal ou de pequena
escala € uma atividade difundida ao redor do mundo e representa uma atividade importante na
geracdo de emprego e renda (Welcomme, et al., 2010). No Brasil é exercida por produtores
autdbnomos, que utilizam técnicas tradicionais de pesca e pequenas embarcacfes. Esta pratica
pode apresentar baixo lucro e rendimento, porém contribui para a seguranca alimentar de
milhares de familias e para a erradicacdo da pobreza. Caracteriza-se como uma alternativa
integral ou sazonal de trabalho, onde o trabalhador pode atuar, ora como agricultor, ora como
pescador (Almeida et al., 2009; Batista et al., 2012). As crises econdmicas elevam a
importancia da atividade, que por ser de baixo investimento, se torna a primeira opcao de
emprego para a populacdo das comunidades ribeirinhas (Conceicao et al., 2020).

Na Amazonia, a pesca artesanal de aguas continentais € considerada uma das principais
atividades da regido (Bayley & Petrere Jr., 1989; Almeida et al., 2001; Almeida et al., 2004) e
nas ultimas décadas do século XX, a ampliacdo dos mercados urbanos e a criacdo de polos
processadores de pescado, com financiamento de incentivos fiscais, levaram a expansao da frota
pesqueira comercial, obtendo como resultado o desenvolvimento da pesca comercial na regiao,
que passou a ser orientada para os consumidores urbanos dessa e de outras regies do pais,
sendo um importante setor da economia (Ruffino, 1996; Smith, 1985; Goulding, 1983), gerando
quase 200 mil empregos diretos e uma receita anual de 465 milhGes de dblares (Almeida et al.,
2010). A pesca artesanal é de vital importancia social por fornecer uma excelente fonte de
proteina para a populacéo, além de renda. E também responsavel pela disponibilidade de grande
parte do pescado comercializado em areas urbanas, rurais e regionais, como da exportacao para
o sul do pais ou mesmo para o exterior (Isaac et al., 1996) e sustentar a populacdo ribeirinha
com taxas de consumo de proteinas, que se encontram entre as maiores do mundo (Isaac &
Almeida, 2011).

Dentre as centenas de espécies exploradas um nimero pequeno delas constitui a maior parte das
capturas (Barthem & Fabré, 2004; Santos & Santos, 2005; Batista et al., 2012). Além da
importancia econdmica, a pressao pesqueira seletiva sobre determinadas espécies e fatores
antropogénicos, podem provocar alteraces na abundancia das espécies, levando a consequéncias
para o ecossistema (Angelini et al., 2006; Lima, 2017), que podem afetar a estrutura da teia trofica
(Primack e Rodrigues, 2001; Primack & Ros, 2002).

A din&mica espago-temporal da fauna ictica na Amazénia varia em funcdo do ciclo hidrolégico
(Petrere Jr., 1985; Junk et al., 1989; Pinaya et al., 2016; Lima et al., 2017), que influencia

sazonalmente as caracteristicas das pescarias (Barthem & Fabré, 2004; Isaac et al., 2016). Este ciclo
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consiste em quatro fases: enchente, cheia, vazante e seca (Barthem & Fabré, 2004), sendo estas
flutuacdes fundamentais para o ciclo de vida, a reproducdo e os deslocamentos das espécies
(Barthem & Goulding, 1997; Barthem & Fabre, 2004), afetando diretamente a atividade pesqueira
(Fearnside, 2013; Castello et al., 2015; Pinaya et al., 2016; Cruz et al., 2017; Pinaya et al., 2018).

As alteracdes climaticas globais (Salazar et al., 2007; Christensen et al., 2013; Gloor et al.,
2013; Gouveia et al., 2019; Wunderling et al., 2022), o desmatamento e a construcdo de
hidrelétricas, representam ameacas a regularidade do regime hidroldgico e afetam a
conservacao e a biodiversidade hidrica (Castello & Macedo, 2015; Winemiller et al., 2016).
Desta forma, intui-se que a produtividade pesqueira dependa, além da intensidade de exploracéo
sobre os estoques, também dos impactos provocados pelo homem e que devem afetar todo o
meio ambiente.

Existem poucos pesquisadores que se dedicam a estudos sobre a pesca de pequena escala no
Brasil, principalmente a que ocorre em aguas continentais (Béné et al., 2009; Castello et al.,
2009; Navy & Bhattarai, 2009). Todavia, ainda ha falta de informacdes continuas sobre a
evolugéo e dindmica da producdo pesqueira na regido, ao longo do tempo, e os fatores que
podem estar influenciando essa atividade.

Algumas das pesquisas cientificas existentes sobre a pesca amazénica, utilizam séries de
dados muito curtas (Batista & Petrere, 2007; Isaac & Ruffino, 2000; Isaac et al., 2004; Souza
et al., 2009). Dentre os motivos desta situacdo alega-se as caracteristicas peculiares deste tipo
de pescaria, pois é exercida por muitos trabalhadores, com modalidades de captura muito
variadas que apresentam uma dindmica temporal complexa, exploram amplas areas e
desembarcam suas capturas em locais dispersos e dificeis de monitorar (McClanahan et al.,
2009; Hallwass et al., 2011). Nos paises em desenvolvimento, estas caracteristicas aliadas a
falta de recursos para 0 monitoramento da atividade da pesca em longo prazo, explicam a pouca
disponibilidade de séries temporais longas, que permitam fazer analises mais complexas,
considerando tendéncias e realizando previsdes para o futuro.

A modelagem estatistica € uma ferramenta que pode auxiliar no entendimento da dindmica
pesqueira, dado que ela pode ser utilizada para compreender a evolugdo no passado e obter
previsdes, além de permitir o entendimento dos sistemas e a geracéo de hipoteses para o futuro,
que poderdo ser testadas (Fragoso Junior et al., 2009). Contudo, para utilizar ferramentas
estatisticas de modelagem s@o recomendadas séries longas de dados, a exemplo dos trabalhos
de Cajueiro e Tabak (2005a, b, c); Box, et al. (2008) e Kirichenko et al. (2011), para garantir
consisténcia nos resultados.

Em estudos sobre a pesca na Amazonia brasileira, 0 modelo de regressdao funcional linear
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foi utilizado pela primeira vez por Petrere Jr. (1978), na estimativa da captura total para o
pescado desembarcado no mercado municipal de Manaus em 1976, com uma analise dos
pesqueiros utilizados nos diversos rios. As técnicas de regressdo para analisar dados de pesca
foram utilizadas posteriormente por alguns autores, como por exemplo: Isaac & Ruffino (1996),
Batista et al. (1998), Ruffino et al. (1998), Freitas et al. (2002), Batista & Petrere (2003),
Gongcalves & Batista (2008), Isaac et al. (2008), Castello et al. (2015) e Pinaya et al. (2016).
Contudo, poucos trabalhos analisam a combinacéo de variaveis espaciais e temporais com
séries de dados da pesca. Os trabalhos de Petrere Jr. (1986), Isaac et al. (2004), Batista & Petrere
(2007) e de Isaac & Ruffino (2007) demostram que locais mais distantes dos principais locais
de desembarque tem maiores rendimentos pesqueiros, denotando um gradiente de degradacao
ambiental e dos recursos, bem como a maior pressdo pesqueira em locais proximos dos centros
urbanos. O trabalho de Ruffino & Isaac (2000) mostra que a duracéo e o rendimento das viagens
de pesca estdo relacionados com a distancia dos locais de pesca até Santarém, no estado do
Para. O trabalho de Souza et al. (2009), que testou a influéncia do tipo de lago na producgéo
pesqueira, considerando a variavel distancia do lago em relacdo ao rio, permitiu concluir que,
guanto maior a distancia entre o lago e o rio, maior serd producdo. Contudo, todos esses
trabalhos utilizam no maximo um conjunto pequeno de anos continuos de informacgoes.
Também poucos trabalhos utilizam modelos espaciais na analise de dados de captura e
esforco de pesca, a exemplo do trabalho de Pereira et al. (2009). A variabilidade espaco-
temporal de captura do rio Amazonas e lagos de varzea do Baixo Amazonas, foi estudada por
Pinaya et al. (2016) com uma série de 11 anos de dados, através da analise de variancia, analise
de correspondéncia retificada, analise de redundéncia e técnicas de regressdo multipla para o
estudo da producdo pesqueira, indicando que a produtividade da pesca apresenta uma grande
diferenca nos padrfes de quantidade e distribuigéo entre os ambientes do rio e dos lagos de
varzea, bem como foram constatadas grandes diferencas entre areas de captura. Contudo, ele
utilizou uma classificacao espacial muito abrangente, dividindo toda a calha do rio Amazonas,
desde Parintins até Almeirim (aproximadamente 480 km de rio, em linha reta), em apenas trés
grandes areas, o que ndo permite um refinamento das diferencas de rendimentos entre os
diferentes pesqueiros ao longo do tempo. Lima et al. (2017), utilizaram a analise de séries
temporais, para avaliar provaveis impactos da pesca na Amazonia, apos a construcao de uma
barragem para fins hidrelétricos. Neste trabalho se utilizaram quatro variaveis explicativas:
nivel maximo de agua, tempo de inundagéo, vazdo do ano anterior e taxa de variagdo da vazao,

para 11 espécies estudadas.
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A maioria dos trabalhos j& realizados na pesca, envolveram estudos com o auxilio de
ferramentas da estatistica classica e modelos de séries temporais. O uso de modelos de anélise
espacial, incluindo a econometria espacial e geoestatistica tém sido pouco utilizados nessa area.
Logo, para analises de dados de pesca a maioria dos autores utilizaram ferramentas como a
andlise de covariancia (Petrere Jr., 1986; Ruffino et al., 1998), analise de regressdo e evolucao
temporal (Batista & Petrere, 2003; Castello et al., 2015; Castello et al., 2017), analise descritiva
(Batista et al, 1998; Isaac et al., 2004; Bené et al., 2009; Castello et al, 2009), correlagéo linear
e analise de variancia (Novaes et al., 2015; Cruz et al.,2017), analise de correspondéncia
(Freitas et al, 2002), Modelo Geral Linear (GLM) (Isaac & Ruffino, 1996; Ruffino & Isaac,
2000; Gongalves & Batista, 2008; Isaac et al., 2008), anélise de componentes principais (PCA)
e modelo linear geral (GLM) (Isaac et al., 1996; Isaac et al., 2016), distribuicdo espacial e
temporal (Batista & Petrere Jr, 2007; Barthem, 2003; Batista, 2003; Batista et al., 2012) e
andlise de séries temporais e/ou espaco-temporal (Zuur et al., 2003; Hap & Bhattarai, 2009;
Saila et al., 2014).

Todavia, estes trabalhos ndo consideraram a analise das capturas com diferentes artes de
pesca, além de ndo associarem o tempo-frequéncia as capturas com as artes mais utilizadas e
ainda, ndo consideraram o espago-tempo utilizando ferramentas de geoestatistica e estatistica
espacial no estudo da variabilidade da produgdo pesqueira para espécies de peixes muito
importantes para a economia e a fauna aquatica da Amazonia, a exemplo dos Hypophthalmus
e Ageneiosus.

Diante destas lacunas, este trabalho analisou a variabilidade espaco-temporal de uma série
de dados da pesca no Baixo Amazonas, com variaveis pesqueiras e ambientais, em especial as
climéticas globais. Desse modo, espera-se contribuir com o melhor conhecimento da pesca
artesanal local, bem como apoiar cientificamente medidas de manejo mais adequadas a
realidade regional, que permitam a conservagdo e uso sustentavel dos recursos dessa regiao.

3. OBJETIVOS
3.1. Geral
» Analisar a variabilidade espaco-temporal da pesca no Baixo Amazonas, com auxilio de
modelos estatisticos, entre 0s quais aqueles para séries temporais uni e multivariadas,
geoestatistica e analise estatistica espacial.
3.2. Especificos
v CAPITULO 1:
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Estudar a captura total de peixes associada ao ciclo hidrolégico, a tendéncia temporal do
esforco e das formas de pesca com redes e linhas, nos ambientes de lagos e rios da regido do
Baixo Amazonas.

Perguntas:
Qual é a tendéncia temporal da série histdrica de capturas e esfor¢o?

Como se distribui a pesca entre lagos e rios, em funcédo do ciclo hidrologico?

Que fatores determinam a escolha das artes de pesca?
e Quando e como sdo obtidos os maiores rendimentos da pesca?
v CAPITULO 2
Analisar o efeito de variaveis ambientais, em especial as climéticas, nas pescarias de um
conjunto de diferentes espécies de peixes capturadas com redes de emalhe e com linhas, por
meio de uma série histérica continua de dados da pesca artesanal no Baixo Amazonas no
periodo de janeiro/1993 a junho/2005.
Hipdtese: mudancas climéticas e ambientais intensificam o ciclo hidroldgico e influenciam
na variabilidade da producédo pesqueira com redes de emalhe e com linhas.
v CAPITULO 3
Analisar a dinamica espaco-temporal dos maparas (Hypophthalmus spp.) € mandubés
(Ageneiosus spp.) em lagos de varzea e rios amazonicos e as relagdes das capturas associadas
a variaveis pesqueiras € ambientais, por meio de uma série histérica de dados continuos do
Baixo Amazonas do periodo de 1993 a 2004.
Perguntas:
e Os locais das capturas sofreram alteragdo ao longo do tempo?
e Os locais mais proximos das cidades estdo se tornando menos produtivos?
e (Quais variaveis influenciaram espacialmente as pescarias?
4. MATERIAL E METODOS
4.1. Area de estudo
A érea de estudo ¢ comum aos trés capitulos e provem de pescarias realizadas numa
extensdo de aproximadamente 480 km em linha reta ao longo do rio Amazonas, na calha
principal do rio, canais, igarapés, lagoas marginais e planicie de inundagdo, entre os municipios
de Parintins (AM) e Almeirim (PA), no periodo de janeiro de 1993 até junho de 2005 e de marco
de 2008 até junho de 2011. Nessa regido (Figura 1), o rio ¢ largo e apresenta, lateralmente, lagos
de varzea extensos e rasos, bem como outras areas, florestadas ou ndo, sazonalmente alagéveis.

O nivel do rio apresenta varia¢ao sazonal de aproximadamente sete metros, promovendo ampla
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area de inundagdo nas suas margens nos periodos de maior pluviosidade (Barthem & Goulding,
2007). Os ambientes fluviais e as areas de inundagdo (lagoas e alagados) sdo bastante
explorados por embarcagdes pesqueiras artesanais que desembarcaram nos portos dos
municipios de Parintins, Oriximina, Obidos, Alenquer, Santarém, Monte Alegre, Prainha e

Almeirim (Batista, et al., 2012).

56°12'0"W 55°24'0"W 54°36'0"W 53°48'0"W 53°0'0"W
» =
= e =
5 3
Almeirim
\ % ®
| \‘4 1
Oriximina | 2 prainh '\
rainha
» ® j 2
s Obidos 3 Sl ® { @
=) Alenquer. g J S
& ® ® Monte Alegre 4 3
Amazon River !
3\
)1
- { -
> Santarém ) N
3 ® E
& 4
Parintins N
® X i
S i
& =
£ § ) 3
& & &
e 207w 55°24°0"W 54°36'0"W 53°48'0"W 53°0'0"W
Subtitl \ Ocean
uptitie RR 2 Atlantic
CARTOGRAPHIC PARAMETERS AP
@® Ports
Hydrografy Geographic Coordinate System
il Datum: SIRGAS 2000 Numerical Scale
S D
[ CityLimits Data: IBGE, OSM Standart 1:1.700.000 y
State Limits ) ati “eb. 2023
[ state Elaboration: Feb. 2023 Grihi Seai AM
Software: Qgis 3.16.10
0 25 50 km PA f
|

Figura 1. Mapa da regido do Baixo Amazonas que se estende do municipio de Parintins - AM
até o municipio de Almeirim — PA. Elaborado por Mateus Barbosa.
4.2. Coleta de dados
Dados pesqueiros

As variaveis pesqueiras foram extraidas do banco de dados dos projetos IARA/IBAMA e
ProVéarzea/IBAMA, no periodo de janeiro de 1993 a junho de 2011, com interrupgdes
decorrentes da falta de recursos financeiros (julho de 2005 a fevereiro 2008). O monitoramento
da producéo pesqueira foi realizado nos portos de desembarques das sedes dos municipios. As
entrevistas ocorreram diariamente com todos os pescadores ou encarregados por aquelas
embarcacdes, sendo as informagdes sobre a captura (kg), espécie de peixe, ambiente de pesca,
arte de pesca, tipo de embarcacdo, nimero de pescadores, data de saida, data de chegada, dias
efetivos de pesca, local de pesca e coordenada do local de pesca, anotadas em formularios
individuais que equivalem a uma viagem de pesca. Desta forma o banco de dados contém os

pesos (kg) de 42 etnoespécies capturadas (Tabela Al). Logo, os pesos (kg) diarios do pescado
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foram somados de forma a obter totais por més/ano. Os meses sem observacoes, decorrentes da
interrupcdo da coleta de dados (julho de 2005 a fevereiro 2008), foram substituidos pelas
médias mensais, dos respectivos meses do periodo com dados disponiveis, 0 que resultou em
222 registros més/ano e 19 registros considerando apenas 0s anos.

As informagdes foram filtradas de modo a incluir na analise somente dados referentes as
pescarias que foram realizadas com barcos motorizados que realizaram operacfes de pesca
(barco pescador), em ambientes de lagos, incluindo todos os lagos, areas alagaveis, como igap0os
e campos alagados; ou rios, incluindo todos os canais de aguas correntes, ou seja, paranas,
canais principais, outros canais e grandes igarapés. Desembarques de barcos que atuaram como
atravessadores ou compradores de pescado ndo foram incluidas na anélise, por ndo terem
informacao precisa sobre o esfor¢o de pesca.

Dados hidrolégicos

Os dados hidroldgicos utilizados foram obtidos da rede de estac6es fluviais automaticas da
Ageéncia Nacional de Aguas (ANA - www.ana.gov.br). Foram utilizadas as médias mensais das
variaveis: chuva (mm), nivel médio do rio (cm) e escoamento superficial (kg x m?). Os dados
pluviométricos foram obtidos a partir de registros de estagdes meteoroldgicas nas cidades de
Parintins, Nhamunda, Juruti, Oriximina, Obidos, Santarém, Alenquer, Monte Alegre, Prainha
e Almeirim. As séries temporais do nivel do rio Amazonas correspondem aos registros das
estacBes de Parintins e Santarém. Em Obidos, a 750 km de distancia da foz do rio, esta
localizada a Unica estacdo que coleta dados de vazéo do leito do rio Amazonas.

Dados meteoroldgicos

Consideraram-se as médias mensais, de acordo com a area de estudo, das seguintes variaveis
meteorologicas: temperatura do ar (°C), temperatura da superficie do solo (K), umidade
especifica do ar (kg/kg), calor latente (wm2), que foram extraidos da base de dados do Projeto
de Reandlise NCEP/NCAR (Centros Nacionais de Previsdo Ambiental/Centro Nacional de
Pesquisas Atmosféricas). As médias mensais da temperatura da superficie do mar, foram
obtidas do banco de dados global do projeto Pathfinder, Versdo 5.0 (PV5), desenvolvido pelo
NODC (National Oceanographic Data Center) e RSMAS (Rosenstiel School of Marine and
Atmospheric  Science-University of Miami) e oferecido pelo PODAAC (Physical
Oceanography Distributed ActiveArchive Center).

Indices climaticos

Os indices climatol6gicos mensais utilizados neste estudo foram as séries temporais do MEI

(Indice Multivariado ENSO [El Nifio-Oscilagao Sull) obtidos em
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www.esrl.noaa.gov/psd/data/climate indexes/list/, Indice de Oscilacdo do Atlantico Norte
(NAO), indice Gradiente Inter-hemisférico da SST do Atlantico (GITA) (Souza et al., 2000) e
(Nifio 3+4) anomalia da SST na regido entre 5°S-5°N (latitude) e 170°W-120°W (longitude)
(Silveira & Cavalcanti, 2013).
4.3. Andlise de dados empregada ao capitulo 1

Andlises exploratorias e descritivas foram realizadas para os dados mensais e anuais da
captura total (t) e esforco combinado de pesca, no periodo de janeiro/1993 a junho/2011. O teste
de Mann-Kendall (Hammer et al., 2001), verificou se as variaveis mensais da captura total,
esforco combinado de pesca, captura com redes em ambientes de lago, captura com redes em
ambientes de rio, captura com linhas em ambientes de lago e captura com linhas em ambientes
de rio, apresentaram alguma tendéncia temporal. Graficos comparativos das médias mensais
foram utilizados para compreender a dinamica da pesca nos ambientes e artes de pesca
utilizadas. A ANCOVA (Field et al., 2012), foi utilizada para avaliar se o efeito da captura com
redes e linhas eram independentes e o teste de Duncan (1955), identificou os grupos (meses) de
médias que diferiram estatisticamente.
4.4. Analise de dados empregada ao capitulo 2

A ferramenta de ondeletas (wavelets) (Torrence & Compo, 1998; Torrence & Webster, 1999;
Grinsted et al., 2004) foi utilizada na analise da relacdo entre a produtividade pesqueira e
variaveis ambientais, no periodo de janeiro/1993 a junho/2005. Considerou-se a captura por
unidade de esforco (CPUE) (Petrere et al., 2010) para as artes de redes de emalhe e linhas,
separadamente. A transformada wavelet continua (CWT) (Torrence & Compo, 1998), analisou
0 padrdo das variaveis, considerando o fator tempo-frequéncia das séries univariadas das CPUE
de redes, CPUE de linhas e varidaveis ambientais. A wavelet coherence (WC) (Torrence &
Webster, 1999; Lan et al., 2019) foi usada na analise da dependéncia tempo-frequéncia das
CPUEs de redes e linhas com cada variavel ambiental. Além de ser usada, também, para analisar
a influéncia do El Nifio sobre as CPUESs de redes e linhas, quando o sinal sazonal ja conhecido
nas CPUEs foi eliminado. Para a avaliacdo do nivel de importancia das variaveis ambientais
associadas a produtividade pesqueira com redes e linhas, utilizou-se a average wavelet
coherence (AWC) (Hu et al., 2017).
4.5. Analise de dados empregada ao capitulo 3

Analises utilizando ferramentas de geoestatistica (Matheron, 1971; Goovaerts, 1997; Isaaks
& Srivastava, 1989; Brunsdon et al., 1996) e estatisca espacial (Brunsdon et al., 1998; Brunsdon

etal., 1999; Leung et al., 2000) foram realizadas para os dados da captura (t) e esforco de pesca
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(numero de viagens aos locais de pesca) dos maparas (Hypophthalmus spp.) e Ageneiosus spp.
(mandubés), no periodo de 1993 a 2004. O ggréafico da série temporal da captura para todo o
periodo e o regime mensal das pescarias, foram utilizados para verificar o padrdo de
comportamento das espécies. O teste de Mann-Kendall (p<0.05) (Hammer et al., 2001)
verificou as tendéncias das séries temporais. Mapas descritivos permitiram mostrar as
localizagdes e intensidades das pescarias considerando as somas das capturas (t) e do esforgo
(frequéncia de viagens aos locais de pesca) para todo o periodo. Os semivariogramas e a
Krigagem (Matheron, 1971; Goovaerts, 1997; Isaaks & Srivastava, 1989; Brunsdon et al.,
1996) foram utilizados para avaliar a existéncia de dependéncia espacial nos dados e estimar o0s
valores da captura (t) e esforco de pesca (frequéncia de viagens aos locais de pesca) em locais
ndo amostrados, para cada ano no periodo de 1993 a 2004. Desta forma permitiu-se, também,
verificar a dindmica das capturas (t) e do esfor¢o de pesca no periodo estudado. A regressdo
global (GR) (Druck et al., 2004; Anselin et al, 2007) verificou a existéncia de regressao entre
as capturas (t) (variavel resposta) e a frequéncia de viagens aos locais de pesca (X1), a distancia
aos locais de pesca (km) (X2), o nivel do rio (cm) (X3) e o Nifio 3+4 (X4). A regressdo
geograficamente ponderada (GWR) ou regressao local (Brunsdon et al., 1996) mostrou por
meio de mapas os parametros e os locais significativos para os modelos, considerando o periodo
de aguas altas. O modelo para aguas baixas ndo foi considerado neste estudo, pois estas
pescarias sdo especificamente de aguas altas (Carvalho et al., 1980; Oliveira et al., 2023). Desta
forma pudemos identificar as varidveis que explicaram a variabilidade das capturas (t). Estas
analises foram realizadas no programa R versao 3.6.2 for Windows.
5. FINANCIAMENTO

Nao houve financiamento especifico, porém, agradecemos ao projeto “Recursos Naturais da
Viarzea”, ao projeto “Gestdo dos Recursos Pesqueiros do Médio Amazonas: Pard e Amazonas”
e ao Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renovaveis, por
disponibilizarem os dados.
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APENDICE A - TABELA
Tabela Al. Espécies de peixes ou etnoespécies desembarcadas nos portos do Rio Amazonas,
no periodo de 1993 a 2011.

Categoria Nome comum Nome Cientifico
, . Hypophthalmus edentatus,
Mapara Mapara Hypophthalmus fimbriatus
Mandubé Mandubé Ageneiosus spp.
Dourada Dourada Brachyplatystoma rousseauxii
Curimata Curimata Prochilodus nigricans
Acari-Bodo acari-bodo Pterygoplichthys pardalis
Surubim surubim-lenha/canela e surubim- Pseudoplatystoma fasciatum,
pintado/tigre Pseudoplatystoma tigrinum
Fura calca fura calca Pimelodina flavipinnis
Filhote Filhote Brachyplatystoma filamentosum
Jaraqui jaraqui escama fina e jaraqui escama Semaprochilodus taeniurus; Semaprochilodus
g grossa insignis
Pescada pescada e pescada preta Plaglosmp N SqUamMOSISSIMUS,
Plagioscion auratus
Aracy aracu comum, aracu amarelo e aracu Schizodon fasciatus, Leporinus fasciatus,
cabeca gorda Leporinus friderici
Piramutaba Piramutaba Brachyplatystoma vaillantii
Tambaqui tambaqui amarelo/preto Colossoma macropomum
Rhaphiodon vulpinus;
Peixe- . Acestrorhynchus falcirostris,
Peixe-cachorro
cachorro Acestrorhynchus falcatus,
Acestrorhynchus microlepis
Jandia Jandia Leiarius marmoratus
Pacu pacu-comum, pacu-jumento, pacu-  Mylossoma spp., Myleus spp., Metynnis spp.,
marreca, pacu olhudo Myloplus spp.
Tucunaré tucunare, tucunare-ag, tucunare- Cichla temensis, Cichla monoculus

pinima e tucunaré-tatd
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Categoria Nome comum Nome Cientifico

Acara card-acu, acara rosgdo, acara roxo e Astronotus spp., Caquetai_a spectabilis,
acaratinga Geophagus proximus
Piracatinga Piracatinga Calophysus macropterus
Apapa apapa amarelo, apapa branco Pellona flavipinnis; Pellona castelnaeana
Matrinxa matrinxd e matrinxa/jatuarana Brycon cephalus
Cujuba Cujuba Oxydoras niger
Barbado Barbado Brachyplatystoma platynemum
Arraia Arraia Potamotrygon spp.
Pirapitinga Pirapitinga Piaractus brachypomus
Bacu bacu liso e bacu pedra Pterodoras lentiginosus, Lithodoras dorsalis
Aruand Aruand Osteoglossum bicirrhosum
Charuto Charuto Hemiodus spp.
Pirarara Pirarara Phractocephalus hemioliopterus
Piranha piranha ca_ju, piranha mafura e Serrasalmus spp.
piranha preta
Jau Jau Zungaro zungaro
. branquinha comum, cascuda e cabeca Potamorhina latior, Psectrogaster amazonica,
Branquinha lisa Potamorhina altamazonica
Piranambu Piranambu Pinirampus pirinampu
Pirarucu Pirarucu Arapaima gigas
Mandi Mandi Pimelodus spp.
Tamuata Tamuata Hoplosternum littorale
Sardinha  sardinha comprida e sardinha papuda Triportheus spp.
Traira Traira Hoplias malabaricus
Cara de gato cara de gato Platynematichthys notatus
Saranha Saranha Cynodon gibbus
Jeju Jeju Hoplerythrinus unitaeniatus
Puraqué Puraqué Electrophorus electricus
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The hydrological cycle in the brazilian lower amazon determines fishing capture and gear
patterns

Abstract

Fishery catches in the Lower Amazon River were analyzed in relation to the hydrological cycle,
temporal shifts in fishing effort, and fishing with nets or lines in lakes and rivers. The study was
based on temporal series of catch data collected between January 1993 and June 2011, which
were analyzed by ANCOVA. The most landings was with gillnets (98.65%) and in lakes
environment (64.98%). Temporal series shows a significant decline over the time in gillnet-
fishing catches for both lakes and rivers, as well as fishing effort. The influence of the annual
flood cycle is reflected on the catch and flood pulse regulate the pattern of fishing productivity
in the region. Fishers adapt to this pulse showing a traditional knowledge on the environment.
The results also indicated that any changes in this dynamic system may impact traditional local
fisheries and affect the economic wellbeing of fisher populations.

Keywords: Amazonia; small-scale fishery; fishing ground; fishing technique, hydrological
pattern; sustainable development

Key Contribution: The fishers empirical knowledge in the Lower Amazon region prompt
selection of techniques and fishing ground according to the hydrological cycle. Possible failures
in this cycle can impact this dynamic, affecting fishing and the local community.

1. Introduction

With more than 2.400 species [1], Amazonia has the greatest diversity of freshwater fish
found anywhere in the world [2,3]. This biological richness supports the region’s artisanal
fisheries, which represent one of its principal economic sectors [4,5]. Fishery is responsible for
the majority of the fish products sold regionally, nationally, and even for export [6]. Artisanal
fishing is also the principal source of subsistence for the region’s traditional riverside
populations, whose per capita consumption of fish is among the world’s highest [7].

Artisanal fishing is also an important source of full-time or seasonal employment for the
population of the Brazilian Amazon region [8,9], where job opportunities are limited, and
alternative sources of income are scarce. However, this activity is extremely variable, and the
income derived from a fishing trip can be affected by a range of factors, both endogamous and
exogenous, including the fishing season, target species, and fluctuations in the climate and river
levels. A few previous studies have focused on the productivity of fisheries in the Lower
Amazon basin [10,11], and the factors that determine the oscillations in the income generated
by this activity.

42



On the other hand, longitudinal studies that evaluate long-term trends in the intensity and
productivity of the region’s artisanal fisheries are still scarce. This is due to the general lack of
official fishery statistics in Brazil, those that provide continuous, long-term data [12,13,14]. In
addition to the lack of any government policy for the monitoring of fisheries, the paucity of data
reflects the unique characteristics of artisanal fisheries, which tend to be informal in most cases,
cover large areas, and employ a variety of fishing techniques, while also landing their catches
in relatively small and isolated localities that are difficult to monitor [15, 16]. Overall, then,
Amazonian fisheries are complex, and the few available data are invaluable for the
understanding of the exploitation of different environments and productivity levels, in the
context of the annual flood cycle [10,17,18,19].

In the specific case of the Lower Amazon, no previous study has associated the variation in
fishing techniques with the hydrological cycle, although data are available on the fluctuations
in the productivity of certain species, and the relationship between this variation and both river
levels and rainfall rates [11,10,20,21]. In this context, the present study focuses on the variation
in the total fishery catches associated with the hydrological cycle, trends in fishing effort, and
the patterns of use of gillnets and lines in floodplain lakes and river environments on the Lower
Amazon.

This study aims to answer the following questions: What is the time trend of the historical
series of catches and effort? How is fishing distributed between lakes and rivers, depending on
the hydrological cycle? What factors determine fisheries choice of fishing gear? When and how
are the highest yields obtained from fisheries?

2. Materials and Methods
2.1. Study area

The fishery data analyzed in the present study were collected along a stretch of
approximately 480 km (in a straight line) of the Lower Amazon River, including the principal
course of the river, its lateral channels, creeks, and marginal and floodplain lakes, between the
municipality of Parintins in the Brazilian state of Amazonas and Almeirim in the state of Para
(Figure 1). In this region, the river is extremely wide and its margins are lined with extensive,
shallow floodplain lakes and other seasonally-flooded areas, some of which are forested, while
others have more open vegetation. Over the course of the year, the level of the river rises and
falls by approximately seven meters, leading to the flooding of land margins during the periods
of peak rainfall and river discharge [22].
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These fluvial environments and floodplain areas are exploited extensively by artisanal
fishing vessels, which land their catches in the ports of the municipalities of Parintins,

Oriximina, Obidos, Alenquer, Santarém, Monte Alegre, Prainha, and Almeirim [23].
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Figure 1. Location of the eight fishing ports on the lower Amazon River, at which the fishery
data analyzed in the present study were collected.
2.2. Data collection

The fishery data were collected in the ports of eight municipalities (Figure 1) and data
collection occurred between January 1993 and June 2011, except for an interval between July
2005 and February 2008, when a lack of financial resources led to the suspension of research
activities. The data were compiled into a relational database used in this work.

This monitoring consisted of daily interviews with the fishers or responsible of all the vessels
that docked in the ports, registering following information’s: (i) the type of vessel, (ii) the
environment (lake or river) fished, (iii) the number of fishers, (iv) the duration of the trip, (v)
the effective fishing days, (vi) the arrival date, (vii) the departure date, (viii) the fishing
techniques used (gillnets or lines), and (ix) the weight of the fish caught, classified according
to the common name used for the species by the fishers. Each interview form referred to a single
fishing trip. The Total Catch (TC) was defined as the sum of the weights of the 42 ethno-species
(Table Al).
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The data were filtered to include only the catches landed by motorized fishing boats that
operated on floodplain lakes, other environments subject to flooding (such as blackwater
swamp [igapd] and marsh) or rivers, including all associated watercourses, such as bifurcations,
channels, and major streams. The dataset was also restricted to trips during which gillnets (GN)
or lines (L) were deployed (Table 1).

Table 1. Characteristics of the different types of fishing gear used by the artisanal fisheries of

the Lower Amazon basin (adapted from Isaac et al., 2004).

Type Category Gear Description Usage
Gillnets . i ichi
Driftnet Long, tall glll_net, wh_lch is _
o o left to drift in the river Used to catch catfish.
(“bubuia”)
channel.
Gillnet Rectangular nets of Widely used near the surface
(“malhadeira”) multifilament nylon, with or near the bottom, in the still
different mesh sizes. waters of rivers or in

flodplains. This net catches all
different types of fish,
depending on the mesh used
and the site targeted. These
nets may also be deployed
actively, being trawled

NETS manually or by vessels.
. Rectangular nets of Used in environments with
Small gillnet . . .
e monofilament nylon, with strong currents, principally to
(“miqueira”) . . ,
different mesh sizes. catch mapara.

Used in deep water free of

Cast net Retangular net used actively  obstacles, for the capture of
Cast nets C . . S . .
(“redinha”) to encircle fish. fish in shoals, in particular the
jaraqui.
Used in the dry season (low
Handnet . . y . (
e Funnel-shaped nets with a water), primarily at the
Others (“puga”, . . . .
e fine mesh and pole. margins of islands and in areas
rapiché”) .
with gravelly bottoms.
. . . in lentic environmen
. Long nylon line with a baited Used in le _t_c environme s,
Handlines and . . near fruiting trees or in
w___._ . hook at the end, either held in .
rods (“canigo”, . sheltered locations. Used to
« o, the hand, tied to the bank or
rapazinho”) catch pacu, aracu, and other
attached to a rod. fish in flooded
LINES Lines ish in flooded areas.

Longline gear, to which a
series of short lines with
hooks are attached.

Paternoster
(“espinhel”)

Used to target catfish in the
river channel.

The weight (kg) of the catch landed each day was summed to provide monthly or/and annual

total catches. For analysis, the months for which no data were available due to the interruption
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of the monitoring (July 2005 through February 2008) were assigned the mean values recorded
for the other months. This resulted in a total dataset with 222 monthly and 19 annual catches.
The mean catches recorded for each calendar month during the study period were observed for
the analysis of monthly patterns. The combined fishing effort (E) was obtained using [24]
equation 2: E = Y NF x Y ’FD, where NF = the number fishers and FD = the number of effective
fishing days.

The total catch (in tons, t) and combined fishing effort values were transformed by the natural
logarithm to standardize the linearization and homoscedasticity of the data. Even so, the
relationship between catches and effort did not align with the origin, which impeded the
calculation of the CPUE (Catch per Unit Effort), as recommended by Petrere Jr. et al. (2010)
[24]. Given this, only the catches were used as the response variable [11] in the Analysis of
Covariance (ANCOVA).

The River Level (RL) in the study area for the period between 1993 and 2011 were obtained
from the Hydrological Information System (HidroWEB) of the Brazilian National Waters
Agency [25]. These data were compiled from ANA’s network of pluviometers and fluvial gages
at Santarém. The analyses were based on the mean monthly (cm) level recorded for each year.
To better characterize the hydrological cycle for the analysis of the catch dynamics associated
with river levels, the data were arranged also in four phases, according to the level of the
Amazon/Solimdes river system [13]: (i) flooding (January—March), (ii) high water (April-
June), (iii) ebb (July-September), and (iv) low water (October—December),

2.3. Statistical analysis

Exploratory and descriptive analyses were applied to the monthly and annual total catches
(t) and the combined fishing effort data. The Mann-Kendall test with o =0.05 was run in PAST®
4.02 [26] to determine the temporal trends for the monthly data of the total catches, and fishing
effort, using as descriptor used gear (nets or lines) and environment (lake or river). This test
calculates an S value, which negative values indicate a decreasing trend and positive values an
increasing trend, while S = 0 reflects a lack of any significant trend [27]. As the Mann-Kendall
test is nonparametric, it does not require normally-distributed data [28,29]. The dynamic
relationship among the different environments and types of fishing gear was observed using
graphic plots.

The ANCOVA model was used to evaluate whether the effects of catches taken using nets
or lines were independent. The Box-Cox transformation was used to adjust the data to the
models [30]. For this, the net catch data were first considered as the response variable, with the
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line catch data being considered the covariable, and the months as the independent variable or
treatments. This approach aimed to determine whether the net catches varied monthly and
whether this variation was correlated with the line data (dependent variable). This ANCOVA
procedure was repeated, considering the line data as the response variable in the model.
Duncan’s (1955) [31] test was used to identify the groups (months) of means that were
significantly different from one another. These analyses were run on the R for Windows
platform, version 3.6.2 [32].
3. Results

The mean monthly total catch of the Lower Amazon fishery, for the whole study period, was
182.4 t (£111.3 t) corresponding to a combined mean monthly effort of 21.6 (x6.3) days x
fisher. The local artisanal fishing fleet undertook trips with a mean duration of four (£3.0)
effective fishing days and a mean of five (£4.2) crew members per trip. Almost 65% of the total
catch (26,3 t) was taken on lacustrine environments. It is interesting to note that gillnet fishing
provided the greatest production overall with almost 99% (39,9 t) of total catch.

The time evolution of capture and effort are similar. With the exception of 2011, for which
data are only available for the first half of the year, the total catch was highest in 1995, 2001,
and 2002, while fishing effort was high in 1994 and 2001 (Figure 2).
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Figure 2. Annual total catch (t) and fishing effort (days x fishers) monitored on the lower
Amazon ports between 1993 and 2011.
The Mann-Kendall test (Table 2) revealed significant (p < 0.05) and negative temporal trends

over the time for the total catch, the fishing effort, and the catch with gillnets in both
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environments. Total catch with lines and in lakes shows a positive trend over the time increased
significantly, but catches with lines in river seem to be stable over the time (Table 2).

Table 2. Results of the Mann-Kendall test (S values and probabilities) for the evaluation of
trends in fishery variables on the lower Amazon between January 1993 and June 2011 (*p <
0.05).

Variable S p

Total catch —-3837 0.0005*
Fishing effort -8691 0.0000*
Gillnets in lakes —2927 0.0082*
Gillnets in rivers -3622 0.0011*
Lines in lakes 2301 0.0376*
Lines in rivers -1088 0.3258

The catch varied seasonally and was associated with the hydrological cycle (Figure 3A). The
largest catches were recorded in August and September, which corresponds to the ebb period,
when the river level was falling. The fishing effort, number of fishers, and the number of fishing
days also decreased as the level of the river increased, between January and July (Figure 3A—
D).

The selection of the fishing technique and environment also varied seasonally, in association
with the hydrological cycle (Figure 3E-H), when dryer months produce better yields. In the
rivers, the largest catches were produced in August and September, that is, the ebb phase (Figure
3F). The line fishing (Figure 3G), was most productive in January (flood), August and
September (ebb), whereas for the gillnets catches (Figure 3H), were higher August and
September. In other words, catches decreased in volume as the level of the water rose.

However, combining environment and gear, is possible to see that gillnet catches in lakes
were most homogeneous over the year, with larger catches during the high water months
(Figure 3J) and line fishing in lakes shows December and January (flooding phase) as the most
productive months (Figure 31). Fishery in river was most seasonal, for both gillnets and lines,
with higher pikes during falling water level periods (Figures 3K and 3L), in August and
September.

It is possible to conclude that fishery is alternated clearly over time (Figure 3), with fishing
activities being concentrated in the river environments during the low water period, and in the

lacustrine environments at high water.
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Figure 3. Monthly mean fishery variables recorded for the artisanal fishing fleet that operates
on the lower Amazon, between January 1993 and June 2011: (A) total catch (t), (B) fishing
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effort (days per fisher), (C) number of fishers, (D) number of effective fishing days, (E) total
catch (t) from lake environments, (F) total catch (t) from river environments, (G) total catch (t)
using lines, (H) total catch (t) using nets, (1) total catch (t) with lines in lake environments, (J)
total catch (t) with gillnets in lake environments, (K) total catch (t) with lines in river
environments com line, and (L) total catch (t) with gillnets in river environments. The plot also
shows the mean monthly level of the Amazon River during the study period.

The inclusion of line or net fishing as a covariable in the respective models did not affect
fishery production, that is, they were independent variables. Fishery production did vary
significantly among months in both models, however (Table 3).

Table 3. Results of the ANCOVA for the monthly catches obtained using gillnets and lines in

the study area on the lower Amazon River (*p < 0.05)

Gillnets

Sum of the Squares Df F Pr (>F)
(intercept) 571322 1 75.6725 9.994 x 1016
Line (covariate) 4891 1 0.6478 0.4218
Month (independent 1156612 11 13.9268 2.2 X 10°16%
variable)
Residual 1577936 209

Lines

Sum of the Squares Df F Pr (>F)
(intercept) 31.67 1 6.1932 0.01362*
Gill nets (covariate) 0.54 1 0.1065 0.74455
Month (independent 117.14 11 20825 0.02295*
variable)
Residual 1053.44 206

The results of the normality test of the model residuals (p = 0.2088) and the test of the
homogeneity of the variances (p = 0.7037) confirmed that the model used for the gillnet fishing
data was adequate. Similarly, the adequacy of the line fishing data was also confirmed
(normality of the residuals: p = 0.4030; homogeneity of variance: p = 0.7836) following the
Box-Cox transformation. The results of Duncan’s test for multiple comparisons of the means
indicated the formation of three distinct groups of monthly catches for gillnets (Figure 4): Group
1 (a and ab) which are the months of greatest captures and that occur in the descent of the waters
in August and September; Group 2 (d) which are the months of drought and the beginning of
the flood, corresponding to the months of November to February and; Group 3 (bc and ¢) which

correspond to practically every flood month (from March to July) plus October.
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Duncan's test, for captures with lines (Figure 5), denotes the formation of basically two
groups: Group 1 (a) and Group 2 (ab, abc and c).
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Figure 5. Groups of the monthly means of line catches (t) landed at the artisanal fishing ports
on the lower Amazon, based on the probability of differences between the means (o = 0.05)
between January 1993 and June 2011.

4. Discussion

The fisheries of the Lower Amazon are typically small-scale, based on a fleet of relatively
small, wooden boats [33]. This sector is nevertheless vital to the subsistence of the local
riverside communities, providing a source of income that requires little investment [34].

The majority of the total catch was obtained from flooded lacustrine environments using
gillnets, which are the gear most used now a days in the region. Fishing on floodplain calm
waters can be more accessible for inexperience or young fishers [19]. Some lakes are flooded
all over the year so, fishing on lakes can be done continuously. During rainy season most of the
fish species enter in these areas searching for refuge and food. Even during the dry season some
sedentary species stay on flooded and shallow lacustrine areas. Therefore, fishing on lakes
during the dry season is more productive.

In the past traditional communities and indigenous people used lines and cotton nets for
fishing [35]. With the introduction of nylon nets in the 1960s [36], nylon gillnets have become
widespread for commercial fishing. Gillnets are relative more efficient and durable [37,38],
easy to handle, capture higher diversity of fishes and the amount of catch is more predictable
[39].

While gillnets are often a source of severe conflicts [40], they support the commercial
success of artisanal fisheries, and provide important economic benefits [4,5,39].

Other interesting result of the present study was the negative trend found in the net fishing
catches, whereas line fishing in lakes has tended to increase over time (Table 2). This may
reflect local fishery agreements [41], which are established by the local communities that share
fishing grounds, in order to regulate the exploitation of fishery resources and avoid the
exhaustion of stocks [42]. These agreements may nevertheless be reflected in the behavior of
the fishers and, in most cases, they not allow the use of nets, which are considered “predatory”
because they are non-selective and then they tend to have the greatest impact on fish stocks
[43]. The adoption of this participative model of management has grown considerably in
Brazilian Amazonia since the 1990s, with fishery agreements proliferating in the region of the
lower Amazon, in particular, in lake environments [42].

The results of the present study have also highlighted a general trend for a reduction in both
catches and fishing effort. The lack of government incentives for fisheries, and the absence of
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policies that aim to improve the quality of life of fisher populations, appear to be among the
factors motivating the offspring of fishers to abandon their communities and traditions [44].
The region’s fishers face harsh conditions in general, and artisanal fishing is considered to be a
risky occupation, not only in terms of personal health, but also the lack of any guarantee of
returns [45, 46,47]. While the profession is still passed down from father to son [34], many
individuals of the younger generation prefer alternative professions, justifying their choice in
terms of the uncertainty of the future of artisanal fisheries [44]. This may at least partly account
for the observed decrease in fishing effort and, as a consequence, in production.

Amazonian fisheries are complex and highly dynamic, and depend on the availability of
specific environments, which are in constant flux, due to the seasonal oscillations in river levels
[20,48]. The fishers’ knowledge of the patterns of fluctuation in both the environment and the
fish fauna [49] are also fundamental to the optimization of fishing strategies. This dynamic was
confirmed in the present study, which demonstrated a clear association between catch volumes
and the hydrological cycle (Figure 3). The months of the low water phase are known as the
harvest season, that is, the most productive period, when fisheries increase in efficiency as the
dimensions of the aquatic environment shrink [50, 17, 10].

Fishing techniques are determined by the target species and/or the environment targeted [51].
In particular, mono- (miqueiras) and multifilament (malhadeiras) gillnets are commonly used
in lacustrine environments, where they are used to target the fish that inhabit these environments
during the high water period [52,53]. These fish include the mapara catfish (Hypophthalmus
edentatus, Hypophthalmus fimbriatus) and some characids, such as the tambaqui (Colossoma
macropomum) and pacus, Mylossoma, Myleus, Metynnis and Myloplus [54]. The drift gillnets
(bubuias) are deployed more in the rivers, to catch dourada (Brachyplatystoma rousseauxii) and
other large, migratory catfish that are found in the principal channel [10].

The river level peaks in the high water phase, when catches decline due to the greater
dispersal of the fish in the water, where they are able to find an increasing variety of refuge
from both natural predators and fishing nets [13,10]. During the ebb phase, the aquatic
environment begins to shrink, and the fish start to shoal as they return to the fluvial channels,
where the adults of many species will then migrate upriver to breed. This is when fishing
intensifies (Figure 3). Catches and fishing effort both increase during the months of low water,
when aquatic environments shrink, exposing the fish to predators and, eventually, conditions

that intensify both their natural mortality and their vulnerability to fisheries [55, 10].
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The analysis of covariance (Table 3) indicated that the different months affect the catches
with both nets and lines, but that their production varies independently. Three distinct groups
of months were formed by the catches of both the gillnets and two with lines fishing operations.
In most cases, the monthly catches were related systematically to the level of the river, with
larger mean catches during the months of the ebb phase, that is, August and September (Figures
4 and 5). In addition to the seasonal pattern determined by the hydrological cycle, the catches
from the lake and river environments alternated over time, with the rivers being fished more
during the low water period, and the lacustrine environments being fished more intensively
during the rainy season months, when the river rises (Figure 3E-F).

This alternation reflects the adaptations of the fishers to the ecological dynamics of most of
the fish (with different types of bait being used for line fishing according to the feeding
preferences of the target species) and the shifting opportunities presented by the different
environments [10]. In other words, the productivity of net and line fishing varies independently,
especially considering that the different techniques are more efficient for different species, in
particular, lines for catfish and nets for other species. This means that fish such as piramutaba
and surubins are the primary targets in the rivers, while curimata, jaraquis, and mapara are the
principal target in the lakes [56, 17]

During the flood phase, the fleet shift from the river channels to the lakes, in both net and
line fishing operations (Figure 3K and 3L). This period coincides with the migrations of many
Amazonian fish species, which move downstream in search of recently-flooded areas of varzea
swamp, which provide important feeding grounds and nursery areas for the juvenile fish. These
species include the dourada (B. rousseauxii), the maparas (Hypophthalmus spp.), and the
curimatd (Prochilodus nigricans), which occupy the lakes during the flood period and leave
them again as they dry out [57, 58].

Overall, then, the results of the present study indicate that any failure in the hydrological
cycle may have a major impact on this complex dynamic, and thus could affect the local
fisheries, with potentially deep consequences on the local communities that depend on these
fisheries for their subsistence. Regional changes in climate predicted for the no too distant
future [59,60] represent one potential threat to this activity, given that a potential decline in
rainfall rates or longer dry seasons will likely have cascade effects throughout the trophic web.

The present study show that the empirical knowledge of the fishers of the Lower Amazon
region, prompt selection of fishing techniques and fishing ground to the phases of the
hydrological cycle. The formulation of a comprehensive dataset on Amazonian fisheries will
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permit the further improvement of the models used, and allow for most effective monitoring of
any alterations in this dynamic. Continuous information on landings data will allow the rapid
development of effective fishery management measures.

The monitoring of catch landings is considered to be the most efficient method for the
sampling of natural fish stocks, and also the best way to evaluate the performance of fisheries
[61,62,63], providing fundamental data for fishery research and conservation management.
Given this, the Brazilian authorities should be encouraged to make all possible efforts to re-
initiate the collection of reliable, continuous fishery data in the Amazon region [10] given that
this monitoring will be essential to confirm the apparent decline in fisheries indicated by the
data analyzed here. These data will also be fundamental to the assessment of the progressive
impacts of climate change and other, associated processes on fishery productivity. The long-
term data analyzed here revealed a clear decline over time in both the total catch and fishing
effort, which should be investigated in more detail.

5. Conclusions

The fishery catches monitored during the present study presented a clear seasonal pattern
that was associated systematically with the hydrological cycle of the Amazon River. Most of
catches are obtained in flooded areas and with gillnets. Evidence was also found of the influence
of fishery agreements, given the growing trend for line fishing in the lakes and decreased catch
with gillnets. The low water months coincided with the peak in productivity. During the ebb
phase, the fisheries use both lines and nets. The studied catch and fishing effort declines should
be investigated in more detail. A reliable set of long-term data will be essential to the
development of adequate public policy and more effective fishery management.
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Supplementary Materials
Tables

Table S1. Contribution (%) of the principal fish species or ethno-species landed at the fishing

ports monitored on the lower Amazon between 1993 and 2011.

English name Local names Scientific name %
i - . Hypophthalmus edentatus, 0
Long-whiskered catfish Mapara Hypophthalmus fimbriatus 18.8%
Driftwood catfish Mandubé Ageneiosus spp. 15.7%
Gilded catfish Dourada Brachyplatystoma rousseauxii 10.1%
Curimata Curimata Prochilodus nigricans 8.1%
Janitor fish Acari-bodo Pterygoplichthys pardalis 4.4%
Surubim Surubl_m-lenha_, canela, Pseudoplatystoma fasc_lat_um, 3.9%
pintado, tigre Pseudoplatystoma tigrinum
Catfish Fura calca Pimelodina flavipinnis 3.7%
Piraiba Filhote Brachyplatystoma filamentosum 3.6%
Jaraqui Jaraqui escama fina, Semaprochi quus taeniurus, 3.6%
escama grossa Semaprochilodus insignis
Croaker Pescada branca, pescada PIagnos_cnoq squamosissimus, 350
preta Plagioscion auratus
Headstander Aracu comum, amarelo, Schizodon fasciatus, 350

cabeca gorda

Leporinus fasciatus, Leporinus friderici
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English name Local names Scientific name %
Goliath catfish Piramutaba Brachyplatystoma vaillantii 2.8%
Tambagqui Tambaqui amarelo, preto Colossoma macropomum 2.7%

Rhaphiodon vulpinus,
Freshwater barracuda Peixe-cachorro Acestrorhynchus falcirostris, 1.9%
Acestrorhynchus falcatus, Acestrorhynchus
microlepis
Marbled catfish Jandia Leiarius marmoratus 1.9%
Pacu Pacu-comum, jumento, Mylossoma spp., Myleus spp., Metynnis 1.6%
marreca, olhudo spp., Myloplus spp.
Peacock bass Tucunare,t;%u, pinima, Cichla temensis, Cichla monoculus 1.0%
Eartheaters Cara-,agu, acara ro;ado, Astronotus spp., Caquetaia spectabilis, 1.0%
acara roxo, acaratinga Geophagus proximus
Piracatinga Piracatinga Calophysus macropterus 0.9%
Pellona apapa amarelo, apapa Pellona flavipinnis, Pellona 0.7%
branco castelnaeana
Matrinxa matrinxa, jatuarana Brycon cephalus 0.7%
Ripsaw catfish Cujuba Oxydoras niger 0.7%
Slobbering catfish Barbado Brachyplatystoma platynemum 0.7%
Stingray Arraia Potamotrygon spp. 0.6%
Pirapitinga Pirapitinga Piaractus brachypomus 0.5%
Bacu Bacu liso, pedra Pterodoras Ientlglr_losus, Lithodoras 0.5%
dorsalis

Silver arowana Aruand Osteoglossum bicirrhosum 0.4%
Halftooth Charuto Hemiodus spp. 0.4%
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English name Local names Scientific name %

Redtail catfish Pirarara Phractocephalus hemioliopterus 0.4%
. Piranha caju, mafura,
Piranha Serrasalmus spp. 0.4%
preta
Jau Jau Zungaro zungaro 0.3%
. branquinha comum, Potamorhina latior, Psectrogaster o
Toothless characin cascuda, cabeca lisa amazonica, Potamorhina altamazonica 0.2%
Flatwhiskered catfish Piranambu Pinirampus pirinampu 0.1%
Pirarucu Pirarucu Arapaima gigas 0.1%
Mandi Mandi Pimelodus spp. 0.1%
Atipa Tamuaté Hoplosternum littorale 0.1%
. sardinha comprida, . o

Sardine sardinha papuda Triportheus spp. 0.0%
Wolf fish Traira Hoplias malabaricus 0.0%
Striped catfish Cara de gato Platynematichthys notatus 0.0%
Dogtooth characin Saranha Cynodon gibbus 0.0%
Jeju Jeju Hoplerythrinus unitaeniatus 0.0%
Electric eel Puraqué Electrophorus electricus 0.0%
Total 100.0%
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How does climate change affect small scale fisheries? A case study of the Lower Amazon
in Brazil

Abstract

The potential effects of global climate change on inland artisanal fisheries have received little
attention from scientists. The present study investigated the fisheries of the Lower Amazon in
Brazil using a wavelet analysis of a 13-year data series of fishery catches, environmental
variables, and climatic indices, in order to determine how these variables the catches of different
species. The CPUE of the gillnet and line fisheries tended to increase over time. Relative
humidity, latent heat, and sea surface temperatures influenced the productivity of both types of
fishery. El Nifio had a negative and immediate effect on the CPUE of the gillnets, while its
effect on line fishing was positive, but with a lag of eight months. These findings indicate
clearly that fishery productivity is modulated by climate events, which influence ecosystems
and modify both habitats and ecological niches, and, in turn, impact fishery productivity.
Keywords: Amazonia. El Nifio. Wavelet. Fishing gear.

1. Introduction

In the Brazilian Amazon region, small scale fisheries have an enormous socioeconomic
importance (Almeida et al., 2010; Doria et al., 2012), being responsible for the generation of
gross annual receipts of approximately 465 million dollars and more than 168,000 jobs
(Almeida et al., 2010). Fish is also an important dietary staple of the local riverside
communities, which are among the populations that most eat fish anywhere in the world (Cabral
Jr. & Almeida, 2006; Isaac & Almeida, 2011), with a per capita consumption of approximately
135 kg per annum (Cerdeira et al., 1997), which reflects the fundamental importance of local
fisheries for the food security of the region’s populations.

In tropical rivers, fishery catches tend to be closely related to the seasonal variability driven
by the annual food pulse (Castello et al., 2013; Pinaya et al., 2016, Furtado et al., submitted).
In the Amazon region, the seasonal variability in the hydrological cycle, which is related
primarily to the the flood pulse in the flooded forests and swamps (Junk et al., 1989), affects
the distribution of the fish, habitat quality, and the migratory cycle of many of the local species
(Duponchelle et al., 2021). Many Amazonian fish species undertake lateral and longitudinal
movements between rivers and floodplain areas. At high water, the fish shelter and feed in the
flooded forest and floodplain lakes, consuming seeds and other allochthonous resources, or
even serving as prey for larger predators (Barthem & Goulding, 1997; Winemiller & Jepsen,
1998; Ribeiro & Petrere, 2006; Duponchelle et al., 2021). Fish species richness increases as the
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water rises, but declines again as the level decreases, which implies that shifts in the intensity
of this cycle may impact both the characteristics of the local fish communities and, in turn,
fishery productivity, in terms of the composition and diversity of the catches (Lowe-McConell,
1999; Barthem & Fabré, 2004). At low water, the fish move to the river channels, where they
are targeted intensively by fisheries (Batista et al., 2004; Isaac et al., 2016; Cruz et al., 2017;
Furtado et al., submitted).

In this context, the pressure from fisheries, combined with the environmental variability, are
important determinants of the size of fish stocks, which means that a systematic understanding
of this environmental variability is fundamental to the interpretation of fishery dynamics (Isaac
et al., 2016; Cruz et al., 2017; Pinaya et al., 2018). Given this, the study of the effects of
environmental changes on fish populations is an essential step toward the effective management
of the ecosystems targeted by fisheries, and has become an increasingly important prerequisite
for the planning and implementation of strategies for the administration of fishery resources
(Cruz et al., 2017; Pinaya et al., 2018).

The hydrological cycle of the Amazon basin and the variability in this cycle are associated
strongly with climatic patterns such as the ENSO (El Nifio Southern Oscillation) and the
variability in the sea surface temperature of the Atlantic Ocean, which are important
determinants of the region’s fishery productivity (Castello et al. 2015; Isaac et al., 2016; Cruz
et al., 2017; Pinaya et al., 2018; Barros et al., 2020). Given this, it is necessary to understand
how environmental variables may modulate the hydrological cycle of the Amazon basin and,
in turn, how this affects the ecology of the local fish species and the productivity of local
fisheries (Pinaya et al., 2016; Cruz et al., 2017; Pinaya et al., 2018; Barros et al., 2020; Gouveia
etal., 2019).

Over the past 30 years, extreme variation in climate, associated with changes in the
temperature of the Atlantic Ocean, have intensified the hydrological cycle, prolonging the flood
and dry periods, a pattern intensified by ENSO events (Zhao et al., 2001; Salazar et al., 2007;
Christensen et al., 2013; Gloor et al., 2013; Gouveia et al., 2019; Wunderling et al., 2022).
During the same period, intense deforestation has led to a reduction in evapotranspiration rates,
which have affected atmospheric recycling processes (Sumaila et al., 2011; Freitas et al., 2013).
It is still unclear how these recent shifts in the hydrological cycle, in particular, the greater
frequency of ENSO events, may have impacted fishery productivity.

In the specific case of the Lower Amazon, only one study (Pinaya et al., 2018) has related

fishery productivity systematically with environmental and economic variables, considering
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temporal patterns, although it focused on only one type of fish, the long-whiskered catfish
Hypophthalmus spp. (known locally as long-whiskered catfish). The findings of this study
indicated that catches were related to the dynamics of the hydrological cycle and sea surface
temperatures, ENSO events, and economic factors. Different species are known to react in
distinct ways to environmental variability, however (Arantes et al., 2019; Silva et al., 2020).

The fisheries of tropical rivers are often multi-specific and employ a variety of different
types of fishing gear, but in particular, gillnets and lines (Parsa et al., 2020). The type of fishing
gear, in turn, determines the species caught and the size of the fish harvested. Given this, the
most reliable understanding of the effects of environmental and climatic changes on ecosystems
and fish stocks will come from the evaluation of the total productivity, as well as the catches of
key fish species, in accordance with the fishing technology employed.

In this context, the present study investigated the effects of environmental variables, in
particular climatic factors, on the fisheries of the Lower Amazon, considering a set of local
species that are targeted using gillnets and lines. The analyses were based on a historical series
of continuous data obtained from the monitoring of the region’s artisanal fisheries conducted
between January 1993 and June 2005. The study tested the hypothesis that environmental and
climatic changes have intensified the hydrological cycle and influenced differentially the
productivity of the gillnet and line fisheries, according to the different species they target.

2. Material and Methods

2.1. Study area

The study area encompasses the region known as the Lower Amazon (Figure 1). The data
analyzed in the present study were obtained from the local artisanal fisheries, which operate on
the principal channel of the Amazon River, as well as its floodplain, marginal lakes and
channels, tributaries, and streams, and land their catches in the ports of the municipalities of
Parintins, Oriximina, Obidos, Alenquer, Santarém, Monte Alegre, Prainha, and Almeirim. This
stretch of the Amazon runs along a straight-line distance of approximately 564 km. The local
fluvial environments and flooded areas are exploited intensively by artisanal fishing vessels
(Batista et al., 2012). The lower Amazon River is very wide and its margins are lined with
extensive, shallow floodplain lakes and other seasonally-flooded areas, including forests and
marshes. The level of the river varies by approximately seven meters over the course of the
year, creating an extensive flooded area between January and June each year, when both rainfall
and the discharge of the river reach their peaks (Barthem & Goulding, 2007).
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Figure 1. Location of the eight fishing ports on the Lower Amazon in which the catch data on
the local artisanal fisheries were collected in the present study, between 1993 and 2005.
2.2.Data collection

The fishery variables were derived from the data collected by the IARA/IBAMA and
ProVarzea/IBAMA projects between January 1993 and June 2005. During this period, fishery
production was monitored by data collectors at fishing ports located in key municipal centers,
who conducted daily interviews with all the fishers or the crew members responsible for the
vessels, to collect data on the catch (kg) per fish species, the types of vessel and fishing gear
used, the environment fished, the effective fishing days (d), and the number of fishers (f). These
data were recorded on individual forms, with each form representing a single fishing trip. The
Total Catch (TC) was the sum of the weight of the catches of the 42 ethnospecies (Table S1)
included in the database of the present study.

The dataset was filtered to include only the data on fishing trips conducted by motorboats
operating in either “lake” (floodplain lakes and flooded areas including blackwater swamps and
marshes) or “river” environments, which include the main channel, lateral channels, streams,
and creeks. The catch data were grouped by month and year to minimize the variability of the
samples. The types of fishing gear were also organized in two groups (Table S2), “nets” and

“lines”, following Isaac et al. (2004). This resulted in two matrices with 150 month/year records
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and 13 annual records for each type of fishing gear, with the total weight of each catch being
given in tons.

We calculated the fishing effort separately for each type of fishing gear, considering that it
may vary considerably among trips, depending on both the type of gear and the technological
level of the operation (Nadal Egea, 1996). In the case of nets, fishing effort was based on the
number of effective fishing days (d), while for lines, the effort was calculated based on the
number of fishers (f) multiplied by the number of effective fishing days (d). The Catch Per Unit
of Effort (CPUE) was calculated for the whole set of species caught by each group of fishing
gear, using the CPUE> equation of Petrere Jr. et al. (2010), which divides the TC (tons per
month/year) by the total effort (per month/year). Once calculated, the CPUESs were standardized
by the mean and standard deviation (Peck et al., 2005). More specifically, the catches (t) of the
five species caught most by each type of gear (nets or lines) were evaluated over the study
period to provide a perspective on the seasonal variation of each species. The time series of the
hydrological, meteorological, and climatological data were obtained for the study area (Table
1), coinciding with the period of the fishery data (January 1993 through June 2005), with the
monthly means of each year being considered for analysis.

Table 1. Summary of the variables analyzed in the present study.

TYPE OF SERIES Variables

CPUE of the gillnets: Catch Per Unit Effort with nets in tons per day
(response variable)

FISHERY
CPUE of the gillnets: Catch Per Unit Effort with lines in tons per day
(response variable)
RL = mean River Level (cm)
HYDROLOGICAL R = Rainfall (mm)

RN = Runoff (kgm-)

AT = Air Temperature (°C)

ST = Surface Temperature of the ground (K)

METEOROLOGICAL SH = Specific Humidity of the air (kg/kg)

LH = Latent Heat (wm?)

SST = Sea Surface Temperature (°C)

CLIMATOLOGICAL NAO = North Atlantic Oscillation Index
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GITA = Gradient Inter-hemispheric SST in the Atlantic Index

Nifio 3+4 = anomaly of the SST in the region between 5°S-5°N and 170°W-
120°W.

MEI = Multivariate ENSO (EI Nifio Southern Oscillation) Index

The hydrological data used in the present study were obtained from the network of automatic
fluvial stations maintained by the National Waters Agency (ANA — www.ana.gov.br). Three
variables were used here — R — Rainfall (mm), RL — mean River Level (cm), and RN — surface
Runoff (kg x m) — which were standardized for analysis (Peck et al., 2005). The rainfall data
were obtained from the records of the meteorological stations located in the towns of Parintins,
Nhamunda, Juruti, Oriximina, Obidos, Santarém, Alenquer, Monte Alegre, Prainha, and
Almeirim. The time series of the level of Amazon River were obtained from the records of the
Parintins and Santarém fluvial stations. The data on river discharge were obtained from the
Obidos station, which is the only station that collects data from the riverbed, 750 km from the
mouth of the river.

The meteorological variables were extracted from the database of the Reanalysis Project of
the National Centers of Environmental Prediction/Atmospheric Research (NCEP/NCAR). The
variables analyzed in the present study were the Air Temperature (AT, °C), Surface
Temperature of the ground (ST, K; positive values indicate the loss of latent heat from the
surface), Specific Humidity of the air (SH, kg/kg), and Latent Heat (LH, wm™). The ST, SH,
and LH values were standardized for analysis (Peck et al., 2005). The mean monthly Sea
Surface Temperature (SST, °C) was obtained from the global database of the Pathfinder project,
version 5.0 (PV5), which was developed by the NODC (National Oceanographic Data Center)
and RSMAS (Rosenstiel School of Marine and Atmospheric Science at the University of
Miami), and was provided by the PODAAC (Physical Oceanography Distributed Active
Archive Center).

A number of climatological indices were also included in the analyses, such as the
Multivariate ENSO (EI Nifio-Southern Oscillation) Index (MEI), whose numerical time series
is derived from the application of the empirical orthogonal functions of the SST time series and
five other meteorological variables of the tropical Pacific Ocean (Wolker and Timlin, 1998),
the North Atlantic Oscillation index (NAQO), Gradient Inter-hemispheric SST in the Atlantic
Index (GITA), and the El Nifio 3+4 SST anomaly in the region between 5°S-5°N (latitude) and
170°W-120°W (longitude).

2.3.Data analysis

/Y
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The Mann-Kendall test (p<0.05), run in PAST® 4.02 (Hammer et al., 2001) was used to
verify the significance of the temporal trends in the CPUEs of the net and line fisheries. The
mean monthly catches (t) were used to plot the fishing regime monthly for each type of fishing
gear (gillnets and lines). The species most captured with nets and lines were associated with the
monthly hydrological regime in order to identify possible patterns of these species associated
with fishing gear and the hydrological cycle.
The analysis of the relationship between total fishery productivity and each environmental
variable was based on the CPUEs of the nets and lines, using the Continuous Wavelet
Transform (CWT) and Wavelet Coherence, WC (Torrence & Compo, 1998; Torrence &
Webster, 1999; Grinsted et al., 2004).

The wavelet analysis (CWT) was used to analyze the patterns in the variables, considering
the time-frequency factor of the univariate series of the environmental variables, and the CPUES
of the nets and lines. This analytical tool has an advantage over the classical spectral analyses
because it allows for the evaluation of the frequency of events at different scales of temporal
variability, and does not require a stationary series (constant period). In the present study, the
years represented time (x axis) and the months were considered to be the frequencies or intervals
(y axis).

In the CWT, the unidimensional time series is decomposed or transformed into a diffuse
bidimensional image simultaneously in the time-frequency domain. This permits the evaluation
of the amplitude of any given periodic signal from the series, and how this amplitude varies
over time (Torrence & Compo, 1998; Torrence & Webster, 1999). For a time series x; of length
N with equal spacing oJ¢, the CWT can be interpreted as an adaptation of the discrete Fourier
transform, F(w) = ¥; x; exp(iwt;), in which the term exp(iwt;) is substituted by a wavelet
w(t; — t;,5), which is a function with a mean of zero, located in the time-frequency domain
(Grinsted et al., 2004). The wavelet function may be expanded or contracted by the variation in
the scale s, or transformed, altering the index of time ti” (equation 1). The time series can then
be decomposed as a function of the time and scale (Magrini, 2020).

_ ti—t;
Wi(s) = TN xic(s)w = (£2) (1)
where * = the combined complex and c(s) = \/% , Which results in ¥ terms of unit energy.

In the plots of the wavelets, the blue shading indicates the lowest intensity (power spectrum)

of the series, while the red shading indicates the highest intensity. The black outline represents
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the 5% significance level of the spectra, while the pale area is the COI (Cone of Influence),
within which, edge effects may distort the results.

The analysis of the WC, following the approach of Lan et al. (2013), was used to determine
the most significant correlations between the variables, as well as their timing (x axis),
frequency (y axis) and lags, with the direction of the correlations being determined by the
position and angle of the arrows in the WC plots. For the visual interpretation of the phase
angles (indicated by the arrows in the figures), the CPUEs were allocated to series 1 and the
environmental variables to series 2. Once series 1 and 2 had been defined, the arrows were
analyzed following Kriiger (2021): (1) arrows pointing to the right — (0°), that is, series 1 and
2 are completely in phase; (2) series 1 advanced at an angle of ~a 45° from series 2, which
indicates that series 2 responded in 1/8 of the period; (3) series 1 at an angle of ¥ 90° from
series 2, i.e., series 2 responded in 1/4 of the interval; (4) series 1 at an angle of x 135° from
series 2, i.e., series 2 responded in 3/8 of the interval; (5) arrows pointing to the left « (0°),
that is, series 1 and 2 in opposite phases; (6) series 2 advanced at an angle of % 135° from
series 1, i.e., series 1 responded in 3/8 of the interval; (7) series 2 at an angle of 4 90° from
series 1, i.e., series 1 responded in 1/4 of the interval, and (8) series 2 at an angle of ¥ 45° from
series 1, i.e., series 1 responded in 1/8 of the interval.

The causal relationships between the CPUEs and the climatic indices were analyzed based
on the WCs, with the seasonality being controlled for, following Tsai et al. (1997) and Isnanto
(2011), given that the CPUES presented considerable seasonal variation. In this case, the CPUEs
were allocated to series 1 and the climatic variables to series 2.

The WCs of the two time series can thus be defined by equation 2 (Torrence & Webster,
1999):

s wl )l
S(s‘] | Wf,((s) |2)S<s" | W,{(s) |2)

Ry(s)= )

where S = a smoothing operator and W, (s) = a wavelet transformed continuously from series
X.

In practise, this analysis allows for the evaluation of the between the CPUEs and explanatory
variables and irregular cycles, in order to determine whether the responses are immediate or
misphased, and whether the correlation is positive or negative (Kriiger, 2021).

The Average Wavelet Coherence (AWC) was used to select the environmental variables
with the greatest predictive power for the analysis of the productivity of the net and line

fisheries. The AWC is the mean value of coherence within the significant coherence zone, that
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is, the larger the AWC, the more significant the contribution of the variable under analysis for
the explanation of the variability in the response variables (Hu et al., 2017). Based on this, three
variables were selected for each group, the net and line fisheries.

The AWC plots were used to identify the periods of greatest correlation (represented by the
red points in the figures). The wavelet analyses were run in the R program for Windows, version
4.1.1 (https://www.R-project.org/).

3. Results
Seasonality and the temporal evolution of the CPUEs

The CPUE data series for the net fishing indicates a decline in productivity in January 2000
and 2003, whereas that of the line fishing began to increase from October 2001 onward (Figures
2A-B). These trends were significant in both cases (nets: S = 1525, p =0.0133; lines: S = 3176,
p = 0.0000), with marked seasonality. At an annual scale, the highest net CPUEs were recorded
in March, and the lowest in December and January, whereas the line CPUESs peaked in January
and the lowest values were recorded in July (Figure 2C-D). In other words, the temporal
variation in the CPUEs of the net and line presented an inverse and alternate pattern.

The species caught most with nets were the driftwood catfish (Ageneiosus spp.), long-
whiskered catfish (Hypophthalmus spp.), gilded catfish (Brachyplatystoma rousseauxii), janitor
fish (Pterygoplichthys pardalis), and curimaté (Prochilodus nigricans). In the line fishing, the
principal species caught were stingrays (Potamotrygon spp.), surubim (Pseudoplatystoma spp.),
gilded catfish (Brachyplatystoma rousseauxii), piraiba (Brachyplatystoma filamentosum), and
pirapitinga (Piaractus brachypomus). The catches of these species obtained by net and line
fisheries fluctuated in distinct patterns over the course of the year (Figures 2E-F). The fish
caught using gillnets, such as the gilded catfish, janitor fish, and curimata, presented a peak
harvest during the driest months, whereas the peak harvest of the long-whiskered and driftwood
catfish occurs during the rainiest months. However, line fishing for stingray was most
productive during the rainiest months, whereas surubim, gilded catfish, filhote, and pirapitinga

were caught more frequently during the driest months.
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Figure 2. (A) CPUE of the nets, (B) CPUE of the lines, (C) Fishing regime for the nets, (D)
Fishing regime for the lines, (E) Monthly fishing regime for the species caught most with nets
and (F) Monthly fishing regime for the species caught most with lines — Lower Amazon, 1993—
2005.
Relationship between the CPUEs and the environmental variables

The CWTs indicate greater productivity at a frequency interval of six months for the net
CPUEs, in particular in 1996 and 1977. For the line CPUEs, the highest values were recorded
in 1998 and 1999, also with an interval of six months (Figures 3A-B). One other strong seasonal
signal of varying productivity was found in the case of the net CPUEs with a frequency of 12
months, in both 1995 and between 1998 and 2003. The same signal was observed in the case
of the line CPUEs, between 1995 and 1998 and in 2000.

The hydrological and meteorological variables presented seasonal signals with a frequency
of approximately six and 12 months. By contrast, the climatic variables returned inter-annual

signals, with frequencies of between 16 and 32 months. The signals of the MEI and EI Nifio
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3+4 are very intense, with frequencies of 16-64 months, in particular between 1996 and 2001

(Figure S1).
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Figure 3. Wavelets (WCT) for the CPUEs of the (A) net and (B) line fisheries on the Lower

Amazon (1993-2005). The 5% significance level against red noise is shown by the bold outline

(cone of influence).

Predictive variables in the fisheries

The AWC values indicate that the variables that most influenced the estimates of the net-

fishing CPUESs were, in order of importance, the SH, LH, and RL, while in the case of the line

CPUEs, these variables were the SST, SH, and LH (Figure 4).
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Figure 4. Average Wavelet Coherence (AWC), which represents the relationship between the

CPUEs of the (A) net and (B) line fisheries and each of the environmental variables [River
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Level (RL), Rainfall (R), Runoff (RN), Air Temperature (AT), Ground Surface Temperature
(ST), Specific Humidity (SH), Latent Heat (LH), Sea Surface Temperature (SST), NAO, GITA,
El Nifio 3+4, and MEI] of the fisheries on the Lower Amazon, 1993-2005. The results are the
mean WCs with a 5% significance level.
Influence of the environmental variables on the CPUEs

The combined WC and AWC analysis revealed significant relationships between the CPUEs
and environmental variables. The relationships between these variables and the net CPUES
(Figure 5) show that the SH was correlated negatively with these fisheries in 16 months between
1995 and 1999 with a lag of six months (lag=6). In this same period and between 2000 and
2003, the influence was positive with a lag of two months (lag=2). However, the semi-annual
signal between de 1995 and 1998 in a period of approximately eight months, revealed a positive
and immediate influence of the SH on the net fisheries. A strong annual signal of the LH was
also observed, with a positive influence on the net CPUESs over a period of approximately 16
months between 1997 and 2000, with a lag of four months (lag=4), in addition to a different
positive signal of two months (lag=2) in the same period and between 2001 and 2003. The semi-
annual signal in the six-month period, in particular in 1996, has an immediate and positive
influence (lag=0), which indicates that the greatest productivity of the net fisheries occurs
during the dry season. In the 16-month period between 1997 and 2002, the level of the river
(RL) had a negative effect on the net CPUE with a lag of two months (lag=2) and also negatively
in the eight-month period with immediate effect (lag=0) between 1995 and 1997. The river
level also had a negative influence on these fisheries with a lag of three months (lag=3),

principally between 1997 and 2000.
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Figure 5. Wavelet coherence (WC) and Average Wavelet Coherence (AWC) of the principal
predictor variables of the CPUE of the net fisheries (SH = Specific Humidity, LH = Latent Heat,
RL = River Level) — Lower Amazon, 1993-2005. The 5% significance level against red noise
is shown by the bold outline (cone of influence). The relative phase is shown in the form of
vectors.

The analysis of the relationships between the line CPUEs and the predictor variables
revealed that the strongest signals had an annual frequency, but did not persist for long (Figure
6). Specifically, the SST had a negative influence on the fisheries in a 12-month period in 1994,
with a lag of three months (lag=3), and then with immediate effect between 1996 and 1998. In
the 12-month period, the SH had a positive influence on the fisheries with a lag of
approximately two months (lag=2) in 1994-1998, 2000, and 2002. The LH had a positive
influence on the fisheries over a 16-month interval with a lag of two months (lag=2), in 1996—
1998 and 2003, and with immediate effect (lag=0) in 2000.
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Figure 6. Wavelet coherence (WC) and Average Wavelet Coherence (AWC) of the principal
predictor variables of the CPUE of the line fisheries (SST = Sea Surface Temperature, SH =
Specific Humidity, LH = Latent Heat) — Lower Amazon/1993 a 2005. The 5% significance
level against red noise is shown by the bold outline (cone of influence). The relative phase is
shown in the form of vectors.

After the removal of the seasonal (annual) signals, strong coherence was found in the
association of the CPUE series of both the net and line groups with the variable Nifio 3+4, with
a well-defined interval of approximately 4 years for the whole study period (Figure 7). This
indicates that the net CPUE tends to decline during positive ENSO events, and increase during
negative events. In the case of the line CPUE, El Nifio had a positive impact, with a lag of just
over 8 months between 1996 and 2000. In other words, EI Nifio has contradicting effects on the
CPUE, according to the type of fishing gear, with a negative effect on net fishing, and a positive
effect on line fishing.
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Figure 7. Wavelet coherence (WC) of the CPUEs of the (A) net and (B) line fisheries (without
the annual signal) with the Nifio 3+4 index on the Lower Amazon (1993-2005). The 5%
significance level against red noise is shown by the bold outline (cone of influence). The relative
phase is shown in the form of vectors.

4. Discussion and Conclusions

In the Amazon region, small scale artisanal fishing is a traditional activity that was practised
by the local indigenous populations long before European colonization, with the knowledge
and expertise that had been passed down the generations (Verissimo, 1895; Batista et al., 2004).
The seasonal dynamic and the distribution patterns of the different species that inhabit the
Amazonian environments shift in response to the hydrological cycle and are reflected in the
systematic alternation of the use of different types of fishing gear by the local fishers, in an
attempt to optimize fishery productivity (Isaac et al., 2012), as observed present study.

The monthly fishing regime reflects the alternation in the selection of the fishing gear, related
to the hydrological cycle. In other words, during the high water period, the fishers opt to use
gillnets, which are the most efficient, but least selective type of gear (Halwass et al., 2023),
whereas during the low water months, they opt for lines, with the use of baited hooks being
associated with an increase in the foraging behavior of predator species (Ruffino & Isaac, 1995).
As the water level declines, the aquatic environments retract, reducing the availability of shelter
and feeding resources for the aquatic biota, which leads to an increase in catchability in the
river channels. This dynamic environmental scenario is also reflected in shifts in behavior
patterns, such as competition for space, in particular among the large-bodied predators
(Barthem & Fabré, 2003).

This alternation of fishing gear by the artisanal fishers reflects their traditional knowledge,

which allows them to determine which method is most adequate for each hydrological phase
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and landscape scenario, reflecting adaptive management practises (Berkes et al., 2000). This is
very important because it reflects a degree of resilience in the face of alterations in the
environment, within the limits of the variability experienced by the different generations of
fishers (Book & Mclachlan, 2009).

In addition to the alternation in the use of fishing gear, there were complementary shifts in
the target species. During high water periods, for example, the catches of planktivorous species,
such as the driftwood and long-whiskered catfish, were associated with an increase in the
concentration of sediments and nutrients for the plankton through processes of lixiviation and
the expansion of aquatic floodplain habitats (Hainfellner et al., 2019). At low water, the catches
of the demersal species that swim at the bottom of the river channel increase as the aquatic
environments retract, accumulating bottom nutrients, leading to the formation of a fish
assemblage distinct from that found at high water (Correa, 2008). The hydrological cycle also
contributes to differential mortality rates from predation and the establishment of stressful
abiotic conditions, such as hypoxia, and biotic phenomena, including increased parasitism, was
the aquatic environment retracts (Rodriguez & Lewis, 1994), which influences the distribution
of the different species between the floodplain and river channel habitats (Rodriguez & Lewis,
1997; Tejerina-Garro et al., 1998; Layman & Winemiller, 2005).

However, the overall trend of a progressive increase observed in the CPUEs of both types of
fishing gear may reflect an increase in the capacity of the fisheries and in the catchability of the
gear used by these fisheries. In recent years, in fact, both the size of the vessels and their catch
storage capacity have been increasing, and the technology of the fishing gear has been
improving, leading to an increase in productivity and the economic returns of the fisheries.
Increasing effort or capacity is a common trend in fisheries around the world, even in the case
of small scale operations, as shown in many recent reports (Muallil et al., 2013; De La Puente
et al., 2020; Zeller et al., 2021).

Over the past three decades, in turn, climate change, in particular global warming, has led to
the intensification of the hydrological cycle, with a greater frequency of extreme floods and
severe droughts, and an increase in the amplitude of hydrological processes (Gloor et al., 2013;
Gouveia et al., 2019). This indicates that the habitat available for the principal species may also
have been impacted by deforestation rates and the recent advance of agriculture frontiers (Vieira
etal., 2008). These changes threaten processes such as spawning, recruitment, and even feeding

in the fish that depend on the flood pulse to complete their life cycle, or even predators which,
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even though they do not necessarily require access to flooded areas to complete their life cycle,
are favored by the abundance of prey produced by the environments (Winemiller et al., 2008).

The wavelet analyses revealed strong annual and semi-annual signals for the CPUESs of both
the nets and the lines. These signals correspond to the peaks in the fish harvest. The semi-annual
periods of the net fisheries reveal harvests of catfish (long-whiskered, driftwood, gilded, and
filhote) catfish, which are fished alternately from the lakes during the winter (high water) and
the rivers during the summer (low water). This highlights the efficiency of the net fisheries,
which are highly productive throughout the year (Hallwass et al., 2023).

The annual signal of the wavelets is coherent and is repeated in most of the variables
analyzed, reflecting the influence of the hydrological cycle on the CPUE or fishery productivity
(Cruz et al., 2017; Furtado et al., submitted). The annual signals of the variables such as
humidity, latent heat, and the river level also reflected the effects of the variability among years.
In the driest years, the catchability of the fisheries increases, even though the recruitment of the
fish that inhabit the flooded forest may be affected. In the rainiest years, while catchability
decreases, the increased availability of flooded areas guarantees the recruitment of species such
as the curimatd and pirapitinga, which has a positive impact on the fisheries for the following
few months.

This variation in the direction of the WC reflects the complexity of the task of quantifying
the effects of the hydrology of the system and fisheries on the fish populations and assemblages,
and the risks of applying a simplified analytical approach. This is because the long-term
variation in the intensity and duration of the annual flood pulse has far-reaching impacts on
community structure and interspecific relationships. This can be verified in the responses of
both types of fishery to shifts in the environmental variables. For example, when the WC of the
net CPUE correlates positively with the SH and negatively with the LH, the species most
associated with the rainy season, such as the long-whiskered and driftwood catfish, are the ones
that contribute most to the composition of the total CPUE. However, when the correlation with
the SH is negative and that for the LH is positive, species most associated with the dry season,
such as the curimata and gilded catfish, have the greatest impact on the total CPUE. Given this,
the variation among years in the hydrological cycle not only has a direct effect on catchability,
but also an indirect effect, related to the abundance of the species that depend on flooded areas
to successfully complete their life cycle.

The results of the analyses presented here indicate an inverse relationship between the ENSO
and the net CPUEs, that is, that the CPUE tends to decline during the positive phase of the
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ENSO, and vice versa. El Nifio events can provoke major droughts in the Amazon basin
(Marengo et al., 2006), impacting the magnitude and duration of the different phases of the
flood pulse. Frappart et al. (2012) found that approximately 70% of the aquatic habitats of the
Amazon floodplain remained dry during an EI Nifio event, which indicates that the inverse
relationship found here may reflect the reduced connectivity and restrictions on migrations
between environments, which would, in turn, result in a greater density of species within a
limited area. A situation of this type is known to favour an increase in mortality due to the
severe abiotic conditions and intense predation pressure (Ropke et al., 2016; Legder et al.,
2012). By contrast, the ENSO had a direct relationship with the line CPUE, which suggests
that, during positive events, habitat restrictions divert the fishers to specific areas of the river
channels, where they may find a greater density of carnivorous fish such as gilded catfish,
surubim or filhote, which are more easily caught by line fishing when the water is at its lowest
level (Ruffino & lsaac, 1995). The greater selectivity of the line fishing, together with the
greater density of fish in restricted areas during the dry season, points to an increase in the
productivity of line fishing during this period (Goulding et al., 2019).

The variability in fishery productivity is clearly related to the modulation of the effects
provoked by the climatic (Gloor et al., 2013; Gouveia et al., 2019) and environmental variables
(Arantes et al., 2019; Silva et al., 2020). Since the 1990s, there has been a clear intensification
of the hydrological cycle of the Amazon basin, which has modified the distribution of the rains,
provoking extreme floods and severe droughts of much greater duration in the middle and lower
stretches of the basin (Zhao et al., 2001; Salazar et al., 2007; Christensen et al., 2013). The
frequency of extreme events, such as El Nifio and La Nifia, has also increased (Gloor et al.,
2013; Gouveia et al., 2019; Wunderling et al., 2022). Overall, them the results of these analyses
indicate that the increasing intensity of climate change may have a negative effect on the
productivity of net fisheries, which are predominant in the region (Halwass et al., 2023). This
may also result in drastic changes in the structure of the fish communities.

In this scenario of increasingly intense climate change, the fisheries themselves may
ultimately be threatened, given the potential impacts of these changes on the abundance of the
principal target species. Even with an increase in the CPUE of the line fisheries, the relative
efficiency of this type of fishing may eventually lead to the exhaustion of the target stocks, in
particular those of the large catfish, which are already threatened by intense fishing pressure
(Cruz et al., 2017; Lima et al., 2020)
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It is interesting to note here that, despite the enormous diversity of fish in the Amazon basin,
80% of the total catch volume is derived from a dozen species (Barthem & Fabré, 2004; Santos
& Santos, 2005; Batista et al., 2012). In fact, this excessive concentration of effort on a few
commercially-viable species is one of the principal threats to the sustainability of Amazonian
fisheries (Castello et al., 2011). As shown here, the abundance of these species may fluctuate
enormously due to the variation among years in the configuration of the dry and rainy seasons.
The focus of efforts on only a few species, together with the variability in climate, may thus
contribute to the exhaustion of these commercial stocks.

In addition to the climatic variables, the fish fauna of the alluvial plains of the Amazon basin
is influenced by other aspects of the environment, such as the depth and transparency of the
water, and the amount of nutrients, which are natural secondary characteristics associated with
the variability in the fauna (Rodriguez & Lewis, 1997; Tejerina-Garro et al., 1998). Other,
anthropogenic effects including alterations in river flow and sediment deposition resulting from
the construction of hydroelectric dams (Latrubesse et al., 2017; Doria et al., 2020), pollution
and alterations in water quality caused by mining and smelting operations (Magris et al., 2019;
Aguiar et al., 2020), deforestation for the extraction of lumber or cattle ranching (Vieira et al.,
2008), and even the existence, or otherwise, of local fishery management practises, which may
interfere in the maintenance of local fish stocks (Arantes et al., 2019). All these effects
accumulate synergistically and may, in turn, affect global climate conditions.

Clearly, the continuity of fisheries and the maintenance of their productivity at current levels
will depend not only on adequate controls, in particular of fishing effort, but also external
variables, which include climate change and other human activities that have direct or indirect
impacts on the quality of the environment. Ultimately, the sustainability of fisheries will only
be possible through the integration of conservation efforts and environmental protection
policies at regional, national, and global levels.
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Supplementary Materials

Tables

Table S1. Fish species or ethnospecies landed at ports on the Lower Amazon River between
1993 and 2005.

English name Local names Scientific name
Long-whiskered catfish Mapara Hypophthalmus edentatus,
g P Hypophthalmus fimbriatus
Driftwood catfish Mandubé Ageneiosus spp.
Gilded catfish Dourada Brachyplatystoma rousseauxii
Curimata Curimata Prochilodus nigricans
Janitor fish Acari-bodo Pterygoplichthys pardalis
. Surubim-lenha, Pseudoplatystoma fasciatum,
Surubim ) . .
canela, pintado, tigre Pseudoplatystoma tigrinum
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English name Local names Scientific name
Catfish Fura calca Pimelodina flavipinnis
Piraiba Filhote Brachyplatystoma filamentosum
Jaraoui Jaraqui escama fina, Semaprochilodus taeniurus,

f escama grossa Semaprochilodus insignis
Pescada branca, Plagioscion squamosissimus,
Croaker L
pescada preta Plagioscion auratus
Aracu comum, Schizodon fasciatus,
Headstander

amarelo, cabeca gorda

Leporinus fasciatus, Leporinus friderici

Goliath catfish

Piramutaba

Brachyplatystoma vaillantii

Tambaqui

Tambaqui amarelo,
preto

Colossoma macropomum

Freshwater barracuda

Peixe-cachorro

Rhaphiodon vulpinus,
Acestrorhynchus falcirostris, Acestrorhynchus
falcatus, Acestrorhynchus microlepis

Marbled catfish Jandia Leiarius marmoratus
Pacu-comum .
. ’ Mylossoma spp., Myleus spp., Metynnis spp.,
Pacu jumento, marreca, y ppM % lus Spp y PP
olhudo ylop Pp-

Peacock bass

Tucunaré, acy,
pinima, tatd

Cichla temensis, Cichla monoculus

Caré-acu, acara

Astronotus spp., Caquetaia spectabilis,

Eartheaters rosado, acara roxo, .
. Geophagus proximus
acaratinga
Piracatinga Piracatinga Calophysus macropterus
apapa amarelo, apapa e
Pellona Pap Pap Pellona flavipinnis, Pellona castelnaeana
branco
Matrinxa matrinxd, jatuarana Brycon cephalus

Ripsaw catfish Cujuba Oxydoras niger
Slobbering catfish Barbado Brachyplatystoma platynemum
Stingray Arraia Potamotrygon spp.
Pirapitinga Pirapitinga Piaractus brachypomus
Bacu Bacu liso, pedra Pterodoras lentiginosus, Lithodoras dorsalis

Silver arowana

Aruand

Osteoglossum bicirrhosum
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English name Local names Scientific name
Halftooth Charuto Hemiodus spp.
Redotail catfish Pirarara Phractocephalus hemioliopterus

Piranha

Piranha caju, mafura,

preta

Serrasalmus spp.

Jau

Jau

Zungaro zungaro

Toothless characin

branquinha comum,
cascuda, cabeca lisa

Potamorhina altamazonica

Potamorhina latior, Psectrogaster amazonica,

Flatwhiskered catfish Piranambu Pinirampus pirinampu
Pirarucu Pirarucu Arapaima gigas
Mandi Mandi Pimelodus spp.
Atipa Tamuata Hoplosternum littorale
Sardine Siﬁg?}i;i@ﬁ:&i& Triportheus spp.
Wolf fish Traira Hoplias malabaricus
Striped catfish Cara de gato Platynematichthys notatus
Dogtooth characin Saranha Cynodon gibbus
Jeju Jeju Hoplerythrinus unitaeniatus
Electric eel Puraqué Electrophorus electricus

Table S2. Description of the different types of fishing gear used by the fisheries of the Lower

Amazon (adapted from Isaac et al., 2004).

Type of Local name Description Use
gear
Bubuia Long, tfr"” gillnet left to drift Used for catfish.
in the river channel.
Widely used in environments without strong
currents, where they are set at the surface or on
Rectangular gillnets made of | the bottom, in river backwaters or lakes. These
Malhadeira | multifilament nylon with nets catch all types of fish, depending on the
NETS . :
varying mesh sizes. mesh used and the area targeted. May also be
used actively, being hauled manually or trawled
by vessels.
Rectangular gillnets made of | Employed in environments without strong
Miqueira monofilament nylon with currents, primarily to catch long-whiskered
varying mesh sizes. catfish.
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Canigo, Long nylon I"?e V\."th.a hook Implemented in lentic environments near
: at the end, which is either - .
rapazinho, held in the hand. attached to fruiting trees or in sheltered areas. Used to catch
linha de L pacu, headstander, and other fish in flooded
~ a wooden pole or tied to the
mao bank areas.
LINES
Paternoster line, consisting
of a long, robust principal
Espinhel line to which an array of Used to fish for catfish in the river channel.
shorter lines with hooks is
attached.
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Figure S1. Wavelets (CWT) for: (A) mean River Level, (B) Rainfall, (C) Runoff, (D) Air
Temperature, (E) Ground Surface Temperature, (F) Specific Humidity, (G) Latent Heat, (H)
Sea Surface Temperature, (1) NAO, (J) GITA, (K) El Nifio 3+4, and (L) MEI — Lower Amazon
(1993-2005). The 5% significance level against red noise is shown by the bold outline (cone of
influence).
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CAPITULO 3

MUDANCAS ESPACO-TEMPORAIS DA PESCA ARTESANAL NA AMAZONIA
BRASILEIRA

Artigo cientifico em formato de submisséo a revista Fisheires Management and Ecology
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Mudancas espago-temporais da pesca artesanal na Amazonia brasileira
Resumo
Este estudo analisou a dindmica espacial e temporal da captura e do esfor¢o de pesca e as
relagdes com as varidveis pesqueiras € ambientais para os bagres Hypophthalmus spp. e
Ageneiosus spp. em lagos de varzea e rios da Amazdnia brasileira. Considerou-se uma série de
dados pesqueiros do Baixo Amazonas de 1993 a 2004. Ferramentas de geoestatistica foram
utilizadas para avaliar a dindmica pesqueira no intuito de estudar possiveis mudangas da captura
e do esfor¢co ao longo do tempo e do espago. Modelos de regressdao global (GR) e modelos
locais de regressdo geograficamente ponderados (GWR), foram utilizados para identificar
varidveis significantes com estas capturas, considerando como covariaveis o nimero de
viagens, a distancia até o porto de desembarque, o nivel do rio e o indice do Nifio 3+4. A pesca
dos mapards e mandubés ¢ uma pescaria sazonal do periodo de aguas altas, com pico de
produgdo em margo. Os locais de captura sofreram alteracdo ao longo do tempo. O nimero de
visitas aos locais de pesca e a distancia dos pesqueiros aos portos de desembarques foram as
variaveis que melhor definiram a variabilidade das capturas. Locais mais proximos dos
municipios dos portos de desembarque resultaram menos produtivos em todo o periodo.
Palavras-chave: Baixo Amazonas. Dindmica Pesqueira. Geoestatistica. Variabilidade
pesqueira. Hypophthalmus spp. Ageneiosus spp. mapara. mandubé
1. Introducéo

Na Amazonia brasileira, a pesca artesanal é considerada uma das mais importantes
atividades extrativas da regido (Santos & Santos, 2005) e é responsavel por grande parte do
pescado comercializado, o que a torna uma das principais atividades econdmicas dessa regido
(Almeida et al., 2001; Almeida et al., 2004). O pescado também é a principal fonte de proteina
na alimentacdo da populacdo de ribeirinhos (Isaac & Almeida, 2011). Contudo, a principal
finalidade das pescarias € o comércio, sendo o pescado vendido fresco ou beneficiado nos
mercados locais ou nas empresas que exportam para outras localidades (Almeida et al., 2001;
Isaac & Cerdeira, 2003; Aviz, 2006; Cruz et al., 2017). Apesar da grade diversidade ictica da
Amazonia, a producdo pesqueira esta voltada apenas para um pequeno ndmero de espécies
(Barthem & Fabré, 2004; Santos & Santos, 2005; Batista et al., 2012a), dentre elas 0os maparas
(Hypophthalmus spp.) e mandubés (Ageneiosus spp.) se destacam dentre as principais espécies
capturadas no Baixo Amazonas (Barthem & Fabre, 2004; Furtado et al., submetido).

As espécies Hypophthalmus spp., pertencem ao grupo dos Siluriformes, da familia
Pimelodidae. Trata-se de bagres de porte médio, estritamente pelagicos e planctéfagos, que se
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alimentam principalmente de crustaceos plancténicos (Carvalho, 1980a; Alcantara Neto, 1994).
As espécies Ageneiosus spp., pertencem ao grupo dos Siluriformes da familia Auchenipteridae,
tém habitos noturnos e habitam microambientes ao longo dos rios, nos remansos e entre as
corredeiras. S&o carnivoros, se alimentam de peixes e invertebrados, como camardes e insetos
(Agostinho et al., 2007). Os maparéas e mandubés sdo peixes migradores, que normalmente
habitam ambientes I6ticos e cujas dindmicas reprodutivas sdo complexas e geograficamente
extensas (Carvalho, 1980a; Barthem & Goulding, 1997; Barthem & Fabré, 2004). Alteracdes
em sua abundancia podem contribuir para profundas consequéncias no ecossistema (Angelini
et al., 2006), podendo impactar sobre outras espécies da cadeia alimentar (Cruz et al., 2017).

As pescarias comerciais destes peixes na regido ocorrem principalmente nos rios Amazonas,
Negro e Solimdes (Batista et al., 1998). No Baixo Amazonas, sdo capturados principalmente
H. marginatus (Valenciennes, 1840) e H. edentatus (Spix & Agassiz, 1829) e Ageneiosus spp.,
(Pinaya et al., 2018; Furtado et al., submetido), que possuem significativo interesse econdémico
sdo conhecidos pelos respectivos nomes vernaculares de mapara e mandubé. Estas espécies sdo
capturadas juntas, com o mesmo tipo de arte de pesca, uma rede de malha de nylon, chamada
localmente “miqueira” (Carvalho, 1980a; Alcantara Neto, 1994; Barthem & Fabré, 2004;
Agostinho et al., 2007; Issac et al., 2012), e nos mesmos tipos de locais e safras. Portanto se
constituem em um “sistema de produgdo pesqueira” de acordo com lsaac et al. (2009).
Mandubés e maparas ocuparam o primeiro e segundo lugar, respectivamente, nas pescarias com
redes de emalhe na regido do Baixo Amazonas, no periodo de 1993 a 2005 (Furtado et al.,
submetido), onde grandes volumes sdo capturados, principalmente no periodo de cheia
(Carvalho et al. 1980b; Pinaya et al., 2018; Furtado et al., submetido).

A Amazonia possui uma dinamica complexa na captura de peixes, dependendo dos
ambientes disponiveis e de acordo com os pulsos de inundagéo que controlam fatores abioticos
e bioticos (Petrere Jr., 1985; Junk et al., 1989; Pinaya et al., 2016; Lima et al., 2017). Logo, 0
ciclo hidroldgico, que alterna os meses do ano entre estagao chuvosa e seca, tem um papel muito
importante na produtividade dos recursos pesqueiros (Junk et al., 1989). O sucesso e a dinamica
das pescarias artesanais da Amazonia sdo altamente dependentes das caracteristicas do meio
ambiente, o que influencia na pesca e no comportamento do pescador (Castello & Macedo,
2016; lIsaac et al., 2016).

No entanto, a abundancia das espécies de importancia econémica vem sendo ameacada, nao
somente pela intensidade pesqueira, mas também pelas grandes modificacbes ambientais,

promovidas por politicas de desenvolvimento, que priorizam o lucro e ndo a conservagéo, a
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exemplo do desmatamento, hidrelétricas, plantacGes de soja e bovinocultura, dentre outras
(Freitas et al., 2012; Castello & Macedo, 2016; Winemiller et al., 2016). As altera¢des do meio
ambiente provocadas por estas iniciativas podem representar ameacas aos estoques pesqueiros
(Junk et al., 2007) e ainda comprometer 0 comércio e a sobrevivéncia das comunidades que
vivem da pesca.

Mudancas no meio aquético, influenciam o ciclo hidroldégico que por sua vez afetam o
clima regional e global, o que implica em alteragdes no ciclo de chuvas e estiagem (Zhao et al.,
2001; Salazar et al., 2007; Furtado et al., submetido). Estudos cientificos predizem, em um
futuro préximo, uma Amazonia oriental mais seca do que atualmente, o que pode afetar desde
pequenos igarapés até a area de inundacdo das varzeas (Junk et al.,2009). Desta forma, pode-
se supor que o resultado das pescarias depende ndo somente da intensidade de exploracdo dos
estoques, mas também de impactos das atividades do homem que afetam a dindmica do
ambiente e consequentemente, da pesca.

Além dos fatores ambientais e climaticos, a variabilidade do esfor¢o de pesca afetam a
composicao e o volume das capturas, que apresentam uma dinamica complexa e associada aos
saberes tradicionais dos pescadores (Castello et al., 2015; Isaac et al., 2015; Isaac et al., 2016;
Cruz et al., 2017; Batista et al., 2018; Keppeler et al., 2020).

A frota pesqueira que atua ao longo da calha do Rio Amazonas é composta, principalmente,
por barcos pequenos que atuam de maneira independente e concentram-se principalmente nos
remansos e pogas do rio (Cardoso & Freitas, 2007; Isaac et al., 2008; Doria et al., 2012; Isaac
et al., 2015), refletindo as suas caracteristicas hidrolégicas que dificultam os deslocamentos de
longa distancia (Isaac et al., 2015). Contudo, 0 aumento da demanda pelo pescado e a presséo
pesqueira nas proximidades dos grandes centros urbanos, tem levado a um aumento do esforgo
pesqueiro e a procura por locais que apresentam os melhores rendimentos em termos de
producdo (Petrere Jr., 1986; Isaac et al., 2015).

Desta forma € valido supor que, o esforco pesqueiro e variaveis ambientais como o nivel do
rio, assim como eventos climaticos extremos como o fendmeno de El Nifio, se constituem em
fatores que podem atuar juntos para reduzir ou aumentar as capturas ou a ocupagdo de espécies
de peixes tropicais (Barlow et al., 2018).

Variaveis espaciais e temporais podem ser utilizadas no estudo das capturas e esforco de
pesca, no contexto do manejo territorial e conservacao das espécies de peixes (Fisher, 2010;
Pascual et al., 2013; Wang et al., 2016; Keppeler et al., 2020). Todavia, poucos trabalhos

analisam a combinacdo de varidveis espaciais e temporais com séries de dados da pesca
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artesanal da Amazonia. Podemos citar, Petrere Janior (1986), Isaac et al. (2004), Batista &
Petrere (2007), Isaac & Ruffino (2007), Keppeler et al. (2020) que demostram que locais mais
distantes dos grandes centros urbanos tem maiores rendimentos pesqueiros, denotando um
gradiente de degradacdo ambiental e dos recursos, bem como uma maior pressao pesqueira em
locais proximos dos centros urbanos. O trabalho de Ruffino e Isaac (2000) mostra que a duragdo
e o rendimento das viagens de pesca estao relacionados com a distancia dos locais de pesca até
a cidade de Santarém, no estado do Par4, onde esta localizado o principal porto de desembarque
daregido do Baixo Amazonas. O trabalho de Souza et al. (2009) testa a relacéo entre a producéo
dos lagos de varzea e a distancia deles até o canal do rio, via de entrada dos barcos, concluindo
que, quanto maior a distancia entre o lago e o rio, maior é a producao.

Contudo, os estudos que analisam a evolucdo da produtividade da pesca na regido, bem
como as variaveis que afetam as capturas sao muito limitados. Em parte, isto esta relacionado
as escassas estatisticas pesqueiras oficiais que sdo descontinuas e limitadas temporal e quase
nenhuma informacao espacial da origem das capturas (Barthem, 2000; Barthem & Fabré, 2004;
Gongcalves & Batista, 2008).

Até o momento, nenhum estudo foi realizado para as pescarias do Baixo Amazonas,
considerando a dinamica espago-temporal para as capturas de bagres, utilizando ferramentas de
geoestatistica e estatistica espacial nas séries de dados. Nesse contexto, entender a dindmica
destas capturas é importante para compreender possiveis mudancas ocorridas nos padroes das
pescarias ao longo do espaco e do tempo, cujos achados serdo relevantes para 0 manejo
pesqueiro.

Considerando a importancia dos bagres para o ambiente aquatico e amazdnico, este trabalho
teve como objetivo analisar a dindmica espago-temporal de madubés e mapards em lagos de
varzea e rios amazoOnicos e as relagdes das capturas associadas a varidveis pesqueiras e
ambientais, por meio de uma série historica de dados continuos do Baixo Amazonas do periodo
de 1993 a 2004. Com isso, pretende-se que o estudo sirva como subsidio para um ordenamento
pesqueiro destas espécies, respondendo aos seguintes questionamentos: 1) Os locais das
capturas sofreram alteragdo ao longo do tempo? 2) Os locais mais proximos das cidades estao
se tornando menos produtivos? 3) Quais varidveis influenciaram espacialmente as pescarias?
2. Material e Métodos
2.1. Area de estudo

Os dados do estudo sdo provenientes das pescarias comerciais realizadas ao longo do rio

Amazonas, contemplando a calha principal do rio, canais, igarapés, lagoas marginais e planicie

101



de inundacado, entre os municipios de Parintins no estado do Amazonas ¢ Almeirim no estado
do Paré (Figura 1) e compreende uma extensdo de aproximadamente 480 km em linha reta. O
rio desta regido ¢ largo, ladeado de lagos de varzea extensos e rasos, bem como outras areas
(florestadas ou ndo) que sao sazonalmente alagdveis. A variacdo sazonal do rio ¢ de
aproximadamente sete metros e nos periodos de maior pluviosidade e vazao, ocorre ampla area
de inundag¢do nas suas margens, que tem pouca declividade (Barthem & Goulding 2007).

Os ambientes fluviais e as areas de inundagao sdao bastante explorados por embarcagdes
pesqueiras artesanais que capturam o pescado. Foram consideradas areas de captura dos
municipios de Parintins, Oriximina, Obidos, Alenquer, Curud, Juruti, Santarém, Monte Alegre,
Prainha e Almeirim (Batista et al. 2012b). A produ¢do ¢é transportada até as sedes dos
municipios, onde ha portos de desembarque (Figura 1) e melhores possibilidades de

comercializacao.
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Figura 1. Localizacdo geografica dos municipios da Amazonia brasileira com seus respectivos
portos de desembarque, onde foram obtidos os dados das pescarias do Baixo Amazonas entre
os anos de 1993 e 2004.
2.2. Coleta de dados

Os dados foram coletados nos portos citados na Figura 1, no periodo de janeiro de 1993 a

dezembro de 2004, por meio de entrevistas com pescadores ou encarregados das embarcagoes
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no momento do desembarque. Foram obtidas informacges sobre o tipo de embarcagdo, nimero
de pescadores, duracdo das pescarias, peso por espécie (kg) e coordenadas dos locais de pesca.
Todas as informacg6es foram sumarizadas em um banco de dados relacional onde cada linha
representava uma unidade amostral (uma viagem de pesca).

Para este estudo, consideramos somente as informagdes referentes as pescarias que foram
realizadas com barcos motorizados que realizaram operagdes de pesca (barco pescador) em
ambientes de lagos (incluindo todos os lagos), areas alagaveis (igapds e campos alagados ou
rios) e canais como paranas e grandes igarapés. Filtramos os desembarques onde houve registro
de maparas e mandubés, uma vez que sao capturadas de forma conjunta, por meio do mesmo
sistema de producdo pesqueira, caracterizado pelo uso de redes de emalhe, localmente
chamadas ‘miqueiras (Batista et al., 2004), cujos pesos (em t) foram somados por més/ano
(n=144 meses). Assim, as variaveis incluidas neste estudo foram: o peso total (t) das capturas
de maparas e mandubés, o numero de viagens aos locais de pesca e a distancia das sedes dos
portos de desembarque até os locais de pesca. As distancias (km) dos locais de pesca até os
portos de desembarque, foram obtidas, por meio do software QGIS (http://qgis.osgeo.org) e da
ferramenta de “Distancia para o Ponto Central Mais Proximo” (linha para ponto central).

Series de dados do nivel do rio e da anomalia do El Nifio foram obtidas de acordo com a
area de estudo e para 0 mesmo periodo dos dados pesqueiros, sendo consideradas as médias
mensais para cada ano. Utilizamos a série temporal do NR-nivel médio do rio Amazonas (cm),
gue correspondem aos registros das estacdes de Parintins e Santarém, obtida da rede de estacdes
fluviais automaticas da Agéncia Nacional de Aguas (ANA - www.ana.gov.br). Utilizamos as
médias mensais do Nifio 3+4-anomalia da SST na regido entre 5°S-5°N (latitude) e 170°W-
120°W (longitude).

2.3. Andlise de dados

Com o objetivo de verificar a tendéncia temporal da série de captura de maparas e mandubés,
utilizou-se o teste de Mann-Kendall (p<0.05), que foi executado no programa PAST® 4.02
(Hammer et al., 2001).

Mapas descritivos para as capturas e esfor¢o de pesca foram utilizados para visualizar os
locais mais produtivos e de maior esforco pesqueiro, para todo o periodo estudado. Os mapas

foram construidos no pacote getData do programa R versdo 3.3.2 (R Core Team, 2016).
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Para a andlise da evolugdo espago-temporal da captura e do esforgo foram utilizadas
ferramentas de geoestatistica (Matheron, 1971).

O semivariograma experimental (baseado na amostra) foi usado na analise da dependéncia
espacial da captura (t) e do nimero de viagens aos locais de pesca (Christakos, 1984).

Os principais parametros da maioria dos modelos de semivariograma sdo o efeito pepita
(Co), usado para modelar a descontinuidade na origem causada por erros de amostragens, erros
de medida ou microregionaliza¢Bes da varidvel analisada; o patamar (C), que pode incluir o
efeito pepita, também conhecido como sill, representa o nivel de variabilidade do
semivariograma até sua estabilizacdo, quando a dependéncia espacial deixa de existir; o
alcance, a, (ou amplitude variogréafica) € a distancia observada até o nivel onde a variabilidade
se estabiliza. Indica a distancia em que as amostras estéo correlacionadas espacialmente (Druck
et al.,2004; Yamamoto & Landim, 2013).

Em muitas situacdes dois ou mais modelos permissiveis devem ser combinados para ajustar
a forma do semivariogama experimental. A série de dados pesqueiros apresentou extensdes
bastante longas e o semivariograma experimental ao longo das direcdes pdde revelar diversas
escalas de variabilidade. Logo, a sucessdo aninhada (nested) de escalas (S) de variabilidade foi
modelada por uma soma de semivariogramas (Druck et al.,2004; Yamamoto & Landim, 2013).

As informagdes dos modelos semivariogréaficos ajustados foram utilizadas na krigagem para
o célculo das estimativas dos valores da variavel em localiza¢cGes ndo amostradas. Ao contrério
dos estimadores lineares mais tradicionais, a krigagem utiliza um sistema de pesos (4,) que
considera um modelo de correlacdo espacial especifico a variavel, dado pelo modelo
semivariografico, na area de estudo. Deste modo, a krigagem fornece ndo somente uma
estimativa de minimos quadrados da variavel em estudo, mas também o erro de variancia
associado (Druck et al.,2004; Yamamoto & Landim, 2013). As analises geoestatisticas foram

realizadas no programa R, com auxilio das bibliotecas geoR e gstat.
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Parametros estimados dos modelos globais GR (Global Regressin) (Fotheringham et al.,
1997) e locais GWR (Geographically Weighted Regression) (Brunsdon et al., 1996) foram
mapeados de forma que a heterogeneidade espacial dos modelos pudesse ser explorada e 0s
resultados pudessem ser mais bem avaliados. Mapas das estimativas locais do R? e das
estimativas locais com respectivas significancias do nimero de viagens aos locais de pesca
(X1), distancia das sedes dos municipios aos locais de pesca (X2), nivel médio do rio (X3) e
Nifio 3+4 (X4), foram obtidos para os modelos GWR em periodos de &guas altas
(LoweMcconnell, 1975; Junk et al., 1989), j& que estas pescarias sdo especificas para este periodo
(Lewis et al., 2000; Isaac et al., 1996). As analises foram conduzidas com auxilio de fungdes
disponibilizadas na libraria Gwmodel do programa R.

Desta forma, a GR foi utilizada para a identificacdo de relacGes entre a captura (t) com o
namero de viagens aos locais de pesca, distancia das sedes dos municipios aos locais de pesca,
nivel médio do rio e o Nifio 3+4, que descreve uma familia de modelos de regressao em que 0s
coeficientes podem variar espacialmente (Fotheringham et al., 1997). Estes modelos
quantificam a forca das relacdes entre as variaveis considerando suas localizacdes.

Por meio do GWR as relacBes foram testadas e ponderadas espacialmente, adicionando mais
informacBes as andlises e permitindo determinar se as tendéncias observadas sdo globais ou
locais (Brunsdon et al., 1996). Um modelo de regressao foi ajustado a todos os dados contidos
em cada uma das regides identificadas em torno de um ponto de regressdao, com pontos de
dados mais préximos do ponto de amostragem tendo maior peso em relacdo aos pontos mais
distantes. As estimativas locais resultantes foram mapeadas nos locais dos pontos de
regressao para visualizar possiveis variaces nas relagcdes entre as varidveis (Fotheringham
et al., 2002).

A multicolinearidade (Belsley et al., 1980) nos modelos GWR foi ivetigada por meio da

correlacdo local entre pares de variaveis independentes e fatores de inflagdo de variancia
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local (local variantes inflation factors - VIFs) para cada variavel independente. Valores de VIF
maior do que 10 foram considerados indicativos de multicolinearidade (Wheeler & Tiefelsdorf,
2005; Wheeler, 2007).

Entdo, 0 GWR realizou uma regressdo de minimos quadrados local para cada célula de
entrada em uma malha continua. Cada regressao foi calculada com base nos dados de cada
celula e sua vizinhanca, definida arbitrariamente. Dentro dessa vizinhanga, os dados das células
vizinhas terdo um peso menor quanto mais longe estiverem da célula de origem. Os pesos sdo
atribuidos com base em um kernel definido arbitrariamente. Com isso, na saida da analise cada
célula apresentou um coeficiente. Coeficientes com valores positivos indicam uma relacao
positiva entre as variaveis (resposta e explicativa), enquanto valores negativos indicam uma
relacdo negativa. Um valor igual a zero indica nenhuma relagéo.

Mapas com as significancias de cada coeficiente estimado também foram produzidos
(Fotheringham et al., 2002). O Indice de Moran global foi utilizado para avaliar se os residuos
da regressdo global apresentavam correlacdo espacial. Ja que, a presenca de autocorrelacao
espacial nos residuos pode refletir uma menor qualidade no ajuste do modelo de regressao
global. Isto foi realizado a partir da média de valores em torno de cada observacdo em sua
localizacdo. Ou seja, se 0 valor da observacao € alto (ou baixo) e a média dos valores vizinhos
a ela também for alto (ou baixo), considera-se que existe uma associacdo positiva; caso
contrario a associacdo € negativa, indicando zonas de transicdo. Valores | de Moran muito
baixos vao indicar auséncia de autocorrelacdo (ou correlacdo, no caso de duas varidveis)
espacial (Camara & Monteiro, 2004; Druck et al., 2004; Anselin et al, 2007).

3. Resultados

A pesca no Baixo Amazonas ocorreu dentro dos municipios de Parintins (PAR), Orixima
(ORX), Alenquer (ALE), Obidos (OBD), Santarém (SAN), Monte Alegre (MTA), Prainha
(PRA) e Almeirim (ALM) (Figura 1). Nos municipios de Juruti (JUS) e Curua (CUR) néo houve
desembarques no periodo considerado.
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A producéo apresenta forte sazonalidade anual com picos no periodo de &guas altas (Figura
2A). Um aumento na producdo pesqueira foi observado graficamente no més de marco, para 0s
anos entre 2001 e 2003 (Figura 2A). A série temporal das capturas (t) apresentou tendéncia de
aumento, estatisticamente ndo significativo (S=238; p>0,6823). Na escala anual, os maiores

rendimentos foram nos meses de marco, abril e maio (Figura 2B).
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Figura 2. (A) Série das capturas (t) de mandubés e maparas, (B) Regime mensal de pesca para
0s mandubés e maparéds - Baixo Amazonas 1993 a 2004. A linha em vermelho na figura
representa a tendéncia.

Os municipios de Obidos, Santarém e Alenquer apresentaram os maiores volumes de
capturas (t) (Figura 3A). O esforco foi mais intenso nos municipios de Santarém e Monte Alegre
(Figura 4C). Os municipios mais distantes dos locais de desembarque como Parintins, Curud,

Prainha, Juruti, Obidos e Almeirim, foram menos produtivos (Figuras 3A e 3C).
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Figura 3. Bubble maps por municipios para a (A) capturas (t) em todo o periodo, (B) nimero

de viagens aos locais de pesca e (C) médias das distancias (km) entre o local de captura e o

local de desembarque - Baixo Amazonas 1993 a 2004.

Modelagem do semivariograma

Duas estruturas de variabilidade espaciais (b1 e b2) foram identificadas para as capturas em

duas escalas indicadas pelos alcances a, (0,40 graus decimais) e a,(1,20 graus decimais),

aproximados para 45 km e 130 km, respectivamente. Para o esfor¢o uma escala local menor

(disténcias de 0.30 graus decimais, em torno de 33 km) em relacéo as capturas foi observada

(Tabela 1).

Tabela 1. Parametros ajustados para os semivariogramas das capturas e esforco de pesca —

Baixo Amazonas 1993 a 2004. Efeito pepita (Co), patamar (b1 e b2) e Alcance (a, e a,).

ANO | CAPTURA | ESFORCO
Co bl a, b2 a, Co bl a, b2 a,

1993 0 60 0.40 120 120 0 2400 035 1200 1.20
1994 0 160 0.40 1200 120 0 2800 030 2500 1.20
1995 0 260 0.40 1200 120 0 3000 030 2000 1.20
1996 0 600 040 1200 120 0 1000 030 500 1.20
1997 0 260 0.40 1200 120 0 1000 030 900 1.20
1998 0 280 0.40 1200 120 0 1000 030 1000 1.20
1999 0 1000 0.40 1200 120 0 1500 030 1000 1.20
2000 0 230 0.40 1200 120 0 2000 030 1500 1.20
2001 0 300 0.40 1200 120 0 2000 030 1700 1.20
2002 0 400 0.40 120 120 0 2000  0.30 600 1.20
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Segundo os semivariogramas (Tabela 2), observa-se que as capturas em locais de pesca com

distancias acima de 45 até 130 km apresentaram um aumento gradativo até o ano de 1996, em

seguida, houve uma tendéncia de diminuicdo. As capturas para distancias menores de que 45

km tiveram um aumento significativo a partir do ano de 2001.

Tabela 2. Capturas (t) segundo os alcances — Baixo Amazonas/1993 a 2004.

Distancia
993 1994 1996 1997 1998 1999 2001 2002 2003 2004
(km)
d<45 38,8 149,8 54,9 23,0 295 1104 30,2 385,0 333,2 3196 216,8
45<d<130 216,9 2625 7452 430,7 372,1 5772 4499 3928 499,02 4437 24272
d>130 419 38,5 120,1 20,7 77,3 91,3 52,4 40,8 78,0 47,4 31,5

Os semivariogramas esféricos aninhados (anuais) dos modelos ajustados para as capturas,

mostram curvas com formato caracteristico de dependéncia espacial, na qual existe um ponto

onde as semivariancias se estabilizam (patamar) (Figura 4).
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Figura 4. Modelos de semivariogramas ajustados aos dados das capturas (t) dos mandubés e
maparas — Baixo Amazonas/1993 a 2004.

Os semivariogramas esféricos aninhados (anuais) dos modelos ajustados para o esforco,
também mostram curvas com formato caracteristico de dependéncia espacial, na qual existe um

ponto onde as semivariancias se estabilizam (patamar) (Figura 5).
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Figura 5. Modelos de semivariogramas ajustados aos dados do esforco de pesca (numero de
viagens aos locais de pesca) dos mandubés e maparas — Baixo Amazonas/1993 a 2004.
Estimativa espacial

Os volumes capturados de maparas e mandubés foram maiores nos municipios de Santarém
e Curua (1993); Santarém e Alenquer (1994 e 1995); Obidos (1996); Obidos, Curua e Monte
Alegre (1997); Santarém, Alenquer e Oriximina (1998); Obidos, Santarém, Alenquer e Monte
Alegre (1999); Santarém, Alenquer e Monte Alegre (2000); Obidos, Alenquer e Monte Alegre
(2001); Oriximina, Obidos, Santarém, Alenquer e Monte Alegre (2002 e 2003) e Oriximina,
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Obidos, Santarém e Alenquer (2004). Uma oscilacdo da intensidade das capturas (ora mais
intensas, ora menos intensas) foi observada entre Santarém e Alenquer em todo o periodo
estudado. H& um padrdo de maiores capturas nos pesqueiros mais proximos aos locais de
desembarque, principalmente nos anos de 2002 e 2003 (Figura 6).

1993 1994 1995

1996 1997 1998

oRx 5 ™ - oRx_*
s R # [ £ oo s . N & e
AE A, 4 =1 - AE WA r 1 o AL WA
p X ‘ - s

1999 2000 2001
. . P X ) 4
C / e e e o =
- e -
T “iF s »
— e S

2002 2003 2004

Figura 6. Capturas (t) de mandubés e maparas preditas por krigagem — Baixo Amazonas/1993
a 2004.

Santarém foi o municipio sempre frequentado em todos os anos pelas embarcagdes (Figura
Figura 7). Nos anos de 2001 e 2002 a maioria dos municipios foi frequentada pelas
embarcacdes, a excecdo de Parintins e Juruti em 2001 e Parintins, Juruti e Almeirim em 2002.
Nos anos de 2003 e 2004 a frequéncia de viagens diminuiu para Santarém e aumentou para
Monte Alegre. Nem sempre os locais mais frequentados foram os mais produtivos, a exemplo
do ano de 2001 (Figuras 6 e 7).
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Figura 7. Numero de viagens aos locais de pesca para as capturas de mandubés e maparas,
preditas por krigagem — Baixo Amazonas/1993 a 2004.
Modelos de regressao global (GR) e local (GWR) para o periodo de aguas altas

O numero de viagens e a distancia aos pontos de pesca foram positivamente correlacionados
com as capturas de mandubés e maparas (p<0,10) no modelo de regressdo global. A distancia
foi positivamente correlacionada com a captura. O nivel médio do rio e o Nifio 3+4 nédo
apresentaram evidéncias de correlacdo com as capturas (Tabela 3). O modelo explicou cerca
63% da variabilidade das capturas (R?=0,63). O teste VIF para cada variavel independente
(X1=1,005; X2=1,006; X3=6,662 e X4=6,635) indicou a auséncia de multicolinearidade
(VIFs<10).
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Tabela 3. Coeficiente das estimativas para o0 modelo linear global das capturas, no periodo de
aguas altas (p < 0,10) — Baixo Amazonas/1993.

Estimativa Erro-padréo Valor t Pr (> t)]
Intercepto -20,997 640,311437 -0,033 0,974
NUmero de viagens (X1) 0,454 0,017439 26,043 0,001
Distancia (X2) 0,115 0,069764 1,654 0,099
Nivel do rio (X3) 0,005 0,156293 0,034 0,973
Nifio 3+4 (X4) 0,160 26,179909 0,006 0,995

O teste | de Moran (I = 0,524; p=0,300), indicou que o modelo de regressao linear nao
detectou nenhum sinal de correlacgéo espacial ou, na possibilidade de existir correlacao espacial,
essa nédo foi capturada pelo modelo.

As médias dos coeficientes no modelo de regresséo local (GWR) foram iguais as médias
dos coeficientes no modelo de regressdo global (GR). O numero de viagens e as distancias
apresentaram somente coeficientes locais positivos. O nivel do rio e o indice de El Nifio 3+4
apresentaram coeficientes locais negativos e positivos (Tabela 4). Cerca de 67% da
variabilidade da captura é explicada pelo modelo (R?=0,67).

Tabela 4. Coeficiente das estimativas para 0 modelo GWR das capturas e posicao dos dados

no periodo de aguas altas (p < 0,10) — Baixo Amazonas/1993 a 2004.

Minimo Quartill Mediana  Quartil 3 Maximo Global

Intercepto -84,201 -33,210 27,573 41,558 49,426 -20,997
NUmero de viagens (X1) 0,409 0,423 0,457 0,482 0,491 0,454
Distancia (X2) 0,115 0,131 0,147 0,161 0,169 0,115
Nivel do rio (X3) -0,117 -0,005 0,015 0,024 0,028 0,005
Nifio 3+4 (X4) -2,846 -2,510 -1,860 0,760 2,864 0,160

O GWR mostra que nas areas dos municipios de Parintins, Juruti, Oriximina, Obidos,
Santarém e grande parte de Curud, o R2 foi acima de 70%, cujos locais mais ocidentais da area
de estudo, mostram os maiores valores de RZ (Figura 8A). Na area mais a oeste as capturas
foram mais bem correlacionadas (positivamente) com o nimero de viagens (em cada local de
pesca). O mapa de significancia do nimero de viagens aos locais de pesca, mostra que relacoes
significativas em praticamente todos os locais de pesca, reforcando a relagcdo positiva dessa
variavel com as capturas (Figura 8B). O mapa dos coeficientes das distancias dos locais de
pesca até os locais de desembarque mostra os pesqueiros localizados na parte mais central da
area de estudo. Cujas areas significativas, também, estdo apontadas na area central da area de
estudo (Figuras 8A-B). Os coeficientes do nivel do rio mostra correlagdo com as capturas mais
a oeste da area de estudos, enquanto o indice Nifio 3+4 mostra-se correlacionado mais ao leste,
ou seja, na distribuicdo espacial praticamente nenhum local de pesca apresentou significancia

no modelo (Figura 8B).
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Figura 8. Mapas para 0 R? local, coeficientes das variaveis explicativas (nimero de viagens,
distancias (km), Nivel do rio (cm) e Nifio 3+4) e respectivos mapas das significancias dos
coeficientes das varidveis para o periodo de aguas altas - Baixo Amazonas/1993 a 2004.
4. Discussao

As pescarias de maparas e mandubés sdo social e ecologicamente importantes na Amazdonia
(Fischer, et al., 1992; Pinaya et al., 2018). Entender a dindmica espacial e temporal das capturas
e a variabilidade dos fatores que modelam a captura, pode ser uma tarefa dificil, dada a pouca
disponibilidade de dados para as pescarias da regido (Pinaya et al, 2016). Neste estudo
pudemos concluir que embora a tendéncia temporal das séries de captura tenha sido positiva, a
situacdo parece ser de estabilidade, por ndo ter sido encontrada significancia no teste
correspondente. Isto ¢ um bom indicador e pode representar que as pescarias nao se encontram

ainda ameagadas diretamente ou em declinio, como poderia se pensar.
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Contudo, ¢ reconhecido um aumento do esfor¢o pesqueiro das pescarias de pequena escala
na Amazodnia (Almudi & Sinclair, 2022) fato também observado neste estudo. Oscilagdes do
esfor¢o ao longo dos anos (maior ou menor intensidade), podem estar associadas as multiplas
atividades realizadas pelos pescadores, como a agricultura e a criagcao de pequenos animais, que
em caso de safras mais fracas, completam a renda e reduzem a dependéncia a pesca (McGrath
et al,, 2008; Huntington et al., 2017). Os incentivos para a diversificagdo econdmica dos
pescadores de areas ribeirinhas podem reduzir a pressdo da pesca e diminuir os riscos
associados a variabilidade interanual dos estoques pesqueiros (Hallwass et al. 2013; Kasperski
& Holland, 2013).

A dindmica longitudinal e lateral nos sistemas fluviais tem sido amplamente explicada por
duas teorias ecologicas: o continuum fluvial (Vannote ef al., 1980) e o pulso de inundacao (Junk
et al., 1989). Neste estudo, comprovou-se claramente, que o pulso hidrolégico determina a
sazonalidade das pescarias de mapara e mandub¢, que por sua vez demonstram um periodo de
safra nos meses de aguas altas, sendo o més de margo o mais produtivo para a regido (Isaac et
al, 1996; Pinaya et al., 2018; Furtado ef al., submetido). O mapara ¢ uma espécie peldgica e
mandubé ¢ demersal e ¢ nesses ambientes que elas se alimentam. Com as cheias dos rios os
nutrientes inorganicos € materiais aldctones escoam para os lagos de varzea e areas alagaveis,
estimulando a producao de fitoplancton e zooplancton, o que favorece o mapara diretametne
(Lewis et al., 2000; Isaac et al., 1996) e indiretamente o mandubé, pelo incentivo a produgao
secundaria de outros organismos como crustaceos ou moluscos (Carvalho, 1980a; Alcantara
Neto, 1994; Agostinho et al., 2007). Além disso, estas espécies se reproduzem na cheia apos a
formagdo dos cardumes que entram nos menores canais dos rios, o que ocasiona sua
concentracao e favorece a safra. Ou seja, a €poca de aguas altas ¢ favoravel para os dois grupos
de espécies seja pelo aproveitamento das areas, por favorecer a alimentacdo e crescimento dos
juvenis e pré adultos (Carvalho et al., 1980a; Oliveira ef al., 2023). Mesmo nao tendo analisados
os tamanhos dos espécimes das capturas, pode-se sugerir que tanto jovens como adultos fazem
uso desse habitat ja que, face a baixa seletividade da maioria das redes de emalhe utilizadas, ¢
provavel que individuos de diferentes faixas etarias sejam capturados nas pescarias (Hallwass
et al., 2023).

Os municipios com maiores volumes de capturas, foram: Obidos, Santarém e Alenquer. Isto
indica que nestes locais possiveis fatores ambientais (como o tipo de fundo, area alagada ou da
existéncia de microambientes) ou facilidade de acesso (traduzido nos custos das pescarias)

possam moldar o esforco empregado em determinadas areas (Pereira et al., 2023; Barros et al.,
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2020). Uma vez que a maior parte da frota pertence a cidade de Santarém, se justifica a
importancia dos pesqueiros localizados neste municipio e que podem ser accessiveis a frota de
menor autonomia. Além disso, as empresas com frigorificos de pescado existentes em Santarém
e em Obidos a época, favoreciam a escolha dos locais de captura entre esses dos municipios, o
que inclui Alenquer que esta localizado entre os dois.

Locais mais proximos dos centros urbanos, foram sempre mais visitados pelas embarcagdes,
0 que possivelmente ¢ regulado por questdes mais econdmicas € podem convergir em
modificagdes ambientais em médio prazo (Petrere, 1986; Isaac et al. 2004; Batista et al., 2007;
Keppeler et al., 2020), o que ja vem acontecendo por conta da atividade de garimpo na regiao
(Nascimento et al., 2022; Oliveira et al., 2023). Provavelmente, mudancgas espaciais nas praticas
de pesca de maparas e mandubés podem também ser ciclicas respondendo a fatores macro ou
micro-econdmicos dos mercados abastecedores (Cruz ef al., 2017; Keppeler et al. 2020).

Apesar de ndo termos comprovado um impacto forte de eventos climaticos extremos na
escolha dos locais de pesca escolhidos pelos pescadores, as informagdes disponiveis sugerem
que certas caracteristicas ecologicas das espécies de peixes facilitam ou dificultam a sua captura
sob determinadas condi¢des hidrologicas (Ropke et al., 2017; Freitas et al., 2018). Por exemplo,
uma seca intensa em um lago na Amazdnia Central leva a declinios na abundancia de grupos
de espécies com historia de vida de equilibrio (caracterizada por baixa fecundidade e cuidado
parental) e estrategistas de historia de vida periodica (caracterizada por alta fecundidade e
nenhum cuidado parental) (Ropke et al., 2017).

Os dados das capturas e o nimero de viagens aos locais de pesca apresentaram dependéncia
espacial, para todos os anos. Ao mesmo tempo, a distribui¢cdo espacial das capturas e dos locais
de pesca escolhidos mostra alteracdes ao longo dos anos. Logo, locais que eram bem produtivos
em 1993 (inicio do periodo) tornaram-se menos produtivos em 2004 (fim do periodo), a
exemplo de Santarém que teve a produgdo pesqueira reduzida nos anos de 2003 e 2004. Da
mesma forma, os locais que antes eram pouco frequentados pelas embarcacdes passaram a ser
mais produtivos em determinados anos, a exemplo de Monte Alegre, nos anos de 2003 e 2004.

Os modelos espaciais globais e locais para as espécies em periodo de aguas altas mostraram
que os rendimentos pesqueiros para os maparas € mandubés foram explicados pelo nlimero de
viagens aos locais de pesca (esfor¢o) e pela distancia entre os pesqueiros e local de
desembarque, mostrando uma correlagdo positiva destas varidveis com as capturas. Isto
significa dizer que lugares mais distantes sdo mais visitados pela frota pois também sao os que

geram melhores capturas (Petrere Jr., 1986; Isaac et al., 2004; Isaac; Ruffino, 2007). Os locais
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mais significativos foram os localizados nos municipios de Alenquer, Santarém e Monte Alegre,
o que pode estar relacionado com o maior numero de registros nesses municipios.

Os resultados deste estudo indicam claramente que os locais mais produtivos nao se
localizam nas proximidades da cidade de Santarém, maior porto pesqueiro da regido € que a
frota vem preferindo se concentrar em locais nas proximidades da cidade de Obidos, Alenquer,
Curud, ou mesmo Monte Alegre. Isto indica que, de alguma forma, a regido mais proxima da
cidade de Santarém seria reservada a uma frota de menor porte, com menor autonomia € por
sua vez menos produtiva, ou mesmo pode indicar o esgotamento dos pesqueiros ja bastante
explorados historicamente. A cidade de Santarém representa o maior centro urbano da regido e,
portanto, também o maior mercado consumidor de pescado. Isto leva a pensar que pesqueiros
j& muito explorados por esta frota possam estar tendo menores niveis de produtividade do que
antigamente (Petrere Jr., 1986; Isaac et al., 2004; Isaac & Ruffino, 2007). Também ¢ sabido que
esta regido apresenta grandes niveis de desmatamento ¢ degradagdo ambiental, pela presenga
de gado, culturas agricolas extensivas e pelo proprio desenvolvimento urbano desordenado, o
que obviamente pode também afetar negativamente os ambientes utilizados pela ictiofauna
(Renod et al., 2018; Azevédo et al., 2018; Pinaya et al., 2018).

Os mandubés e maparas sao consideradas espécies migradoras (Carvalho, 1980a; Barthem
& Goulding, 1997; Barthem & Fabré, 2004) assim, ¢ esperado também que variagdes da
produtividade pesqueira sejam condicionadas a fatores tanto globais, como locais. Neste
trabalho ndo foi possivel correlacionar as capturas ao nivel do rio e aos eventos extremos
globais como El Nifio. Talvez, uma série com uma maior quantidade de anos amostrados possa
demonstrar estas relagdes no futuro, uma vez que o efeito dos fenomenos climéaticos e
hidrologicos sobre a biota e sobre a pesca requer longas séries de dados (Mérona, 1995), mas
sabe-se que estas variaveis impactam a pesca de maneira geral e, em particular, na Amazonia
(Pinaya et al., 2018; Furtado et al., submetido). Portanto, considera-se que o fato de algumas
variaveis aqui utilizadas nao explicarem as capturas, nao significa que essas variaveis nao sejam
relevantes para determinar a produtividade pesqueira.

Provavelmente, também outras varidveis necessitem ser testadas para este tipo de modelo.
O comportamento dos pescadores e variaveis econdmicas e sociais (como custos das operagdes
de pesca, indicadores de pobreza e desenvolvimento humano etc.) podem afetar diretamente a
produtividade, o desempenho da pesca e o sucesso da gestao pesqueira (Aswani, 1998; Salas &

Gaertner, 2004; Fulton et al., 2011).
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A continuidade dos trabalhos, a partir de um sistema de monitoramento continuo da pesca,
pode ajudar a melhor definir a interacao destes e outros fatores sobre as capturas no futuro,
sendo que para tal € necessario o reestabelecimento urgente do sistema de estatistica pesqueira
para a regiao.

Considera-se, contudo, que este estudo contribuiu para uma melhor compreensdo da
importancia relativa dos fatores que influenciam os resultados da producdo de pescarias de
pequena escala (Lynch et al., 2017; Fluet-Chouinard et al., 2018), destacando que locais mais
distantes do principal porto da regido se mostram mais produtivos a época do estudo, o que
pode servir como subsidio para um plano de manejo e conservacdo de ambientes pesqueiros,
ou, quem sabe, para regulamentagdes ou acordos de pesca regionais.

Assim, este estudo caracterizou-se como uma primeira abordagem de andlises que conduzam
a um entendimento das variagdes espaco-temporais da pesca na Amazonia, considerada uma
area de grande diversidade ictica. Os trabalhos sobre a pesca na regido precisam ser ampliados
e replicados, uma vez que indicativos de sobrepesca tém sido constatados repetidamente nos
estudos recentes de avaliagdo de estoques pesqueiros comercialmente importantes,
especialmente de espécies migradoras (Prestes et al., 2022; Hallwass ef al., 2023).

5. Conclusoes

e A pesca dos mapards e mandubés € uma pescaria sazonal do periodo de dguas altas, com
pico de producao em marco.

e Os volumes de producao se mantém estaveis ao longo dos anos.

e Os locais de captura de maparas e mandubés sofreram alteracdao ao longo do tempo, isto €,
locais que eram bem produtivos no inicio do periodo estudado tornaram-se menos produtivos
ao final do periodo.

e O numero de viagens aos locais de pesca e a distancia dos pesqueiros aos portos de
desembarques foram as variaveis que melhor definiram a variabilidade das capturas.

e Locais mais proximos dos municipios dos portos de desembarque resultaram menos
produtivos em todo o periodo.
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7. CONSIDERACOES FINAIS

Com base nos resultados encontrados nesta tese:
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O conhecimento empirico dos pescadores da regido do Baixo Amazonas permite a
selecdo de técnicas e locais de pesca de acordo com o ciclo hidrologico. Eventuais falhas
nesse ciclo podem impactar essa dindmica, afetando a pesca e a comunidade local.

A umidade, o calor latente e a temperatura da superficie do mar influenciaram a
produtividade com redes de emalhe e com linhas.

A CPUE das redes de emalhe sofreu efeito negativo e imediato do El Nifio, enquanto
nas linhas o efeito foi positivo com defasagem de oito meses.

Os locais mais distantes do centro urbano de Santarém se mostram mais produtivos para
apesca, o que pode indicar um certo esgotamento ou degradacdo ambiental desta regiéo.
Recomenda-se a implantacdo de um sistema de estatistica pesqueira como suporte para

a adogéo de medidas de manejo para a pesca e conservacdo dos estoques pesqueiros.
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