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APRESENTACAO DA TESE

A presente tese esta estruturada considerando o enfoque de cada capitulo, com
uma introducdo geral norteadora, objetivos gerais e especificos, materiais e métodos, dois
capitulos em formato de artigos e consideragdes finais. Esse formato segue as normas do
regimento da Pds-graduacdo em Ecologia Aquatica e Pesca — PPGEAP, Resolucdo
4.782/2016 do Conselho Superior de Ensino, Pesquisa e Extensdo — CONSEPE da
Universidade Federal do Para — UFPA.

O primeiro capitulo intitulado “Revisdo das pescarias dos grandes bagres
migradores na bacia Amazonica: uma trajetoria de sobrepesca” teve por objetivos: (i)
revisar a producdo e a historia geopolitica da pesca dos grandes bagres migradores na
Amazonia, (ii) caracterizar a composicao do tamanho dos peixes por regido da bacia e
suas implicacOes para a migracdo e 0 manejo pesqueiro, iii) revisar o estado das pescarias
nas diferentes unidades populacionais, com énfase na piramutaba B. vaillantii explotada
pela frota pesqueira de arrasto no estuario do rio Amazonas; (iv) avaliar a eficacia das
medidas de manejo e conservacdo adotadas para a pesca em escala continental dos
grandes bagres migradores..

O segundo capitulo intitulado “Historico de explotagdo da piramutaba,
Brachyplatystoma vaillantii, no estuario do rio Amazonas, Brasil” teve por objetivo
avaliar seu estogue no estuario do rio Amazonas integrando varios conjuntos de dados,
incluindo captura, indice de abundancia, composi¢do do comprimento e informacdes
biol6gicas. Também se discutiu o possivel efeito de intervencdes de manejo nas séries
temporais de mortalidade por pesca e biomassa estimadas a partir da avaliacéo.

A secdo de considerac@es finais reine as principais ideias de cada capitulo em um

Unico texto de conclusdo da tese.
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RESUMO

A explotacdo intensiva dos grandes bagres migradores tem ocorrido entre o estuario e as
encostas dos Andes e tem causado a sobrepesca de algumas unidades populacionais,
manifestando a baixa eficiéncia do manejo pesqueiro. Esta tese revisa o historico de
producdo pesqueira dos grandes bagres migradores do género Brachyplatystoma (B.
rousseauxii; B. vaillantii; B. filamentosum e B. capapretum; B. platynemum e B.
juruense), considerado a regido geopolitica de sua producdo e a composicao etaria por
regido, e avalia o status de explotacdo e as medidas de gestdo/conservacao aplicada para
manejar a principal pesca de bagre da bacia amazonica, a pesca de arrasto em parelha na
foz Amazonica. A tese é apresentada em dois capitulos, sendo que o primeiro (i) descreve
0 histdrico da pesca dos principais paises que capturam esses recursos pesqueiros e (ii)
apresenta um padréo espacial entre adultos e sub-adultos em diferentes regides ao longo
do rio Amazonas, (iii) avalia 0 rendimento maximo sustentavel (MSY), a mortalidade
por pesca (F) e a mortalidade em MSY (Fwmsy) para a pesca de arrasto da piramutaba B.
vaillantii no estuario da Amazonia, e (iv) testa as medidas de gestdo através da tendéncia
encontrada nos valores historicos de F usando Mann-Kendall. O segundo capitulo (i)
avalia o status do estoque da piramutaba no estuario da amazonico usando diferentes
conjuntos de dados (informacdes de biologia, dados de captura e de comprimento e um
indice de abundancia) na plataforma integrada Stock Synthesis (SS) versao 3.30.13, e (ii)
investiga o possivel efeito de intervencGes de manejo nas séries temporais de mortalidade
por pesca e biomassa. A presente tese elucida questdes relacionadas a pesca e conservagao
dos grandes bagres migradores na bacia amazOnica, apresenta novas abordagens na
avaliacdo de estoques da pesca de arrasto da piramutaba B. vaillantii e traz a tona a
preocupacdo com a sustentabilidade a longo prazo para essas e outras pescarias em larga

escala na Amazonia.

Palavras-chave: Brachyplatystoma, pesca de arrasto, rio Amazonas, manejo da pesca,

avaliacdo de estoque
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ABSTRACT

The intensive exploitation of goliath catfish occurs between the estuary and piedmont
Andes and leads overfishing in some unit populations, showing a low efficiency of the
management plans. This thesis review the historic fisheries production of the goliath
catfish (B. rousseauxii; B. vaillantii; B. filamentosum e B. capapretum; B. platynemum
e B. juruense), considering the geopolitics production and age composition by region and
assesses exploitation status and management/conservation measures applied to manage
the central catfish fishing in the Amazon basin, pair trawling in the Amazon mouth. The
thesis is presented in two chapters, the first of which (i) describes the fishing history of
the leading countries that catch these fishery resources and (ii) presents a spatial pattern
between adults and sub-adults in different regions along the Amazon River. (iii) assesses
the maximum sustainable yield (MSY), fishing mortality (F), and MSY mortality (Fmsy)
for piramutaba B. vaillantii trawl fishing in the Amazon estuary, and (iv) tests the
measures management through the trend found in the historical values of F using Mann-
Kendall. The second chapter (i) assesses the status of piramutaba stock in the Amazon
estuary using different data sets (biology information, capture and length data, and an
abundance index) on the integrated platform Stock Synthesis (SS) version 3.30.13, and
(i1) investigates the possible effect of management interventions on fishing mortality and
biomass time series. This thesis elucidates questions related to fishing and conservation
of goliath catfish in the Amazon basin, presents new approaches in the assessment of
piramutaba B. vaillantii trawl stocks, and highlights concerns about long-term
sustainability for these and other large-scale fisheries in Amazon basin.

Keywords: Brachyplatystoma, trawl fishery, Amazon river, fisheries management,

stock assessment
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1. INTRODUGCAO GERAL

As pescarias amazonicas sdo tradicionalmente descritas como artesanais, ja que
envolvem diferentes barcos pesqueiros, que utilizam vérias artes de pesca e explotam
diversos estoques de peixes (Welcomme, 2008), especialmente em uma grande area de
bacia de drenagem onde a diversidade de peixes e a heterogeneidade ambiental sdo
elevadas (Welcomme, 2008). Uma das grandes excecOes é a pesca dos grandes bagres
migradores no rio Amazonas, tendo em vista que € uma atividade pesqueira que visa uma
Unica espécie ou um grupo de espécies semelhantes (Barthem et al., 1997; Bartley et al.,
2016; Welcomme et al., 2016; Funge-Smith, 2018).

A atividade pesqueira que tem como alvo os grandes bagres migradores é
difundida na bacia Amazonica e abastece os mercados de peixes locais e fabricas de
processamento de peixes ao longo do rio Amazonas e na costa do estudrio Amazénico
(Barthem et al., 1997; Barthem e Goulding, 2007). Nos estudos do transporte de
sedimentos pela hidrografia amazonica, ha que se considerarem trés tipos de rios: de agua
branca, com grande quantidade de sedimento em suspensdo, rios de agua clara e de agua
preta, os dois ultimos transportam pouquissima carga sélida em suspensdo (Sioli, 1984).
A pesca dos grandes bagres migradores ocorre principalmente em &guas abertas de canais
de rios de agua branca e no estuario do rio Amazonas, onde a producdo de peixes €é
baseada principalmente em algumas espécies da familia de agua doce Pimelodidade,
especialmente do género Brachyplatystoma (Bayley e Petrere, 1989; Agudelo-Coérdoba
et al., 2000; Barthem e Goulding, 2007).

As sete espécies existentes de Brachyplatystoma sdo conhecidas em inglés como
“goliath catfish”, expressdo alusiva ao grande tamanho (Lundberg et al., 2011) e, incluem
as maiores espeécies de bagres da Amazénia (Lundberg e Akama, 2005) e aquelas que
realizam as mais longas migracfes de peixes de dgua doce do mundo (Barthem et al.,
2017). Os grandes bagres sdo espécies migratdrias representadas por piramutaba - B.
vaillantii, dourada - B. rousseauxii, piraiba - B. filamentosum e B. capapretum, babéo -
B. platynemum, flamengo - B. juruense e zebra - B. tigrinum. S&o os principais predadores
do canal fluvial e estuarino e variam em comprimento maximo conhecido de
comprimento furcal (CF) de 60 a 280 cm (Barthem et al., 2017). Seis dessas sete séo
amplamente explotadas pela pesca comercial na Bacia Amazonica, com apenas uma

especie, B. tigrinum, restrita principalmente a metade ocidental da bacia e raramente

13
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relatada nos registros de desembarque de peixes (Lundberg e Akama, 2005; Barthem e
Goulding, 2007; Lundberg et al., 2011). No entanto, B. tigrinum € explotado pela pesca
ornamental e é uma das espécies mais valorizadas no mercado internacional, com um
preco individual de US $ 15,3 ddlares (Anjos et al., 2009). Dentre os grandes bagres
migradores, quatro (B. vaillantii, B. rousseauxii, B. platynemum e B. juruense) realizam
migragOes de longa distancia (> 1.000 km), enquanto evidéncias indicam que as outras
duas espécies de Brachyplatystoma (B. filamentosum e B. capapretum) parecem realizar
migracdes mais curtas (Petrere et al., 2004; Barthem et al., 2017).

A explotacdo dos grandes bagres migradores é relativamente recente, com
excecdo do estuario, devido aos tabus contra 0 consumo desses peixes nas areas rurais da
Amazonia, de origem social ou cultural, esses tabus restringiam o consumo de espécies
de peixes lisos, associando sua ingestdo a proliferacdo de doencas e infeccdes de feridas
(Begossi et al., 2004). A explotacdo em larga escala de bagres comecou ap6s o
estabelecimento de instalacfes de refrigeracdo ao longo dos grandes rios e estuarios na
década de 1970 (Rodriguez-Fernandez, 1991; Fabré e Barthem, 2005; Barthem e
Goulding, 2007). Essas plantas aproveitaram a abundancia de um recurso subexplotado
de peixes e estabeleceram os mercados de exportacdo de bagres no Brasil e na Colémbia
(Rodriguez-Fernandez, 1991; Agudelo-Cérdoba et al., 2000; Begossi et al., 2004; Fabré
e Barthem, 2005; Almeida, 2006; Barthem e Goulding, 2007). Atualmente os pescadores
do Brasil, Colémbia, Peru, Bolivia e Equador explotam estoques dos grandes bagres
usando varios tipos de artes e barcos de pesca, incluindo a frota pesqueira mais
industrializada da Bacia Amazénica, a frota de arrasto de fundo que atua no estuario da
Amazonia (Fabré e Barthem, 2005; Barthem e Goulding, 2007; Batista et al., 2018).

A pressao de pesca difere de acordo com a area da bacia Amazonica, pois ocorre
em diferentes grupos de idades dos grandes bagres. A pressdo pesqueira que ocorre mais
a oeste da bacia Amazonica, proximo aos Andes, na area de desova dos grandes bagres,
é baixa, com a frota de pesca artesanal utilizando principalmente redes de emalhar a
deriva e redes de cerco, além de arpdes e espinhel, tendo como alvo adultos dos grandes
bagres (Prestes et al., in prep.). Vale ressaltar que ao norte da bacia, no rio
Japuréd/Caqueta, principalmente nas duas cachoeiras de La Pedrera e Cérdoba, a captura
dos bagres é maximizada com o estreitamento do rio (Rodriguez, 1992; Rodriguez, 1999).
Na margem Sul, a regido do rio Madeira se destaca na captura dos grandes bagres como
fonte de renda (Doria et al., 2012). Ja a leste da bacia, as redes de arrasto (equipamento

pouco seletivo) impdem uma alta pressdo pesqueira na area de crescimento dos grandes
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bagres, a regido estuarina no rio Amazonas, juntamente com a alta taxa de “bycatch” de
peixes pequenos (Barthem e Petrere Jr, 1995; Ibama, 1999; Jimenez et al., 2013; Barthem
et al., 2015; Klautau, Cordeiro, Cintra, Silva, Bastos, et al., 2016; Klautau, Cordeiro,
Cintra, Silva, Carvalho, et al., 2016).

Nesse sentido, as principais preocupacdes relativas ao manejo diferem ao longo
da bacia Amazonica e apresentam diferentes desafios, desde construgédo de barragens nas
cabeceiras dos rios, area de desova desse grupo (Forsberg et al., 2017; Anderson et al.,
2018; Damme et al., 2019), até 0 manejo pesqueiro dos grandes bagres e a consequente
sobrepesca do crescimento (Barthem e Petrere Jr, 1995; Petrere et al., 2004; Alonso e
Pirker, 2005; Agudelo-Cérdoba et al., 2013), situacdo que ocorre quando o esforgo de
pesca é tdo alto que as capturas totais diminuem com o aumento do esfor¢o. Um dos
estoques de grandes bagres migradores, que apresenta uma série historica de dados de
pesca e medidas de manejo é a piramutaba (B. vaillantii), intensamente explotada no
Brasil, Coldmbia e Peru (Agudelo-Cérdoba et al., 2000; Petrere et al., 2004; Barthem e
Goulding, 2007; Ibama, 2007; Garcia et al., 2012). No Brasil, a maioria das capturas (~
80%) provém da frota de pesca industrial que utiliza redes de arrasto de fundo na foz do
rio Amazonas (Ibama, 1999; Barthem e Goulding, 2007). H&4 também uma pequena pesca
artesanal ao longo do rio e seus afluentes de 4gua branca que representam o restante da
captura. A frota industrial da Amaz6nia opera desde o inicio da década de 1970 com trés
ou quatro diferentes medidas de manejo adotadas também a partir da década de 70 (Dias-
Neto et al., 1985; Barthem, 1990; Ibama, 1994; Klautau, Cordeiro, Cintra, Silva, Bastos,
etal., 2016).

Anélises diversificadas ja foram adotadas na avaliacdo do estoque pesqueiros dos
grandes bagres ao longo da bacia Amazdénica (Barthem e Petrere Jr, 1995; Ibama, 1999;
Petrere et al., 2004; Alonso e Pirker, 2005; Agudelo-Cordoba et al., 2013; Matsunaga et
al., 2017), utilizando estimativas de mortalidade por pesca, baseadas em dados de
frequéncia de comprimento e modelos de producdo excedentes baseados em dados de
captura e esforco. No entanto, analises integradas combinando vérias fontes de
informagdo em uma Unica analise (dados de capturas, comprimento e/ou idade, indices
de abundancia, entre outros) tém sido cada vez mais utilizados (Haddon, 2010; Methot-
Jr. e Wetzel, 2013). A plataforma de anélises integradas mais usada atualmente nos EUA
é a Stock Synthesis (SS) (Methot-Jr. e Wetzel, 2013; Methot-Jr. et al., 2019), e pode ser
util na avaliacdo de estoques que possuem dados de fontes diferenciadas como os grandes
bagres migradores.

15
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Neste sentido, a presente tese visa elucidar questdes relacionadas a pesca e
conservacdo dos grandes bagres migradores na bacia amazobnica, apresenta novas
abordagens na avaliacdo de estoques da pesca de arrasto da piramutaba B. vaillantii e traz
a tona a preocupacdo com a sustentabilidade a longo prazo para essas e outras pescarias

em larga escala na Amazonia.

2. OBJETIVOS
2.1 Geral
Descrever a producdo pesqueira dos grandes bagres migradores (B. rousseauxii;
B. vaillantii; B. filamentosum e B. capapetrum; B. platynemum, B. juruense) na bacia
Amazonica, assim como analisar o estado do estoque da piramutaba (Brachyplatystoma

vaillantii) discutindo efeitos das medidas de manejo nesta pescaria.

2.2 Especificos

e Analisar o histérico e a distribuicdo geopolitica da producdo pesqueira dos
grandes bagres migradores de importancia comercial (B. rousseauxii; B.
vaillantii; B. filamentosum e B. capapetrum; B. platynemum, B. juruense) na bacia
Amazonica;

e Caracterizar a distribuicdo de sub-adultos e adultos dos grandes bagres migradores
de importancia comercial (B. rousseauxii; B. vaillantii; B. filamentosum e B.
capapetrum; B. platynemum, B. juruense) e suas implicaces para 0 manejo desse
grupo na bacia Amazonica;

e Avaliar o estoque da piramutaba (B. vaillantii) explotada pela frota industrial na
foz do rio Amazonas.

o Avaliar a eficicia das medidas de gestdo aplicadas as pescarias da piramutaba (B.
vaillantii) explotada pela frota industrial na foz do rio Amazonas.

3. MATERIAL E METODOS

3.1 Area de estudo
As areas de pesca dos grandes bagres migradores na Bacia Amazoénica estdo
associadas aos canais fluviais dos grandes rios entre a encosta dos Andes e a foz do rio

Amazonas, especialmente as areas de agua doce ao longo da costa Amazonica. Brasil,
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Peru, Colébmbia, Bolivia e Equador compartilham essa vasta area e, para efeito de
abordagem geografica e geopolitica, esta area foi dividida em quatro regides de pesca de
acordo com as caracteristicas ambientais e as distancias da foz do rio Amazonas (Figura
1).

A regido do estuario € uma zona de agua doce proxima a foz do Amazonas, que é
separada em duas partes principais pela grande ilha de Maraj6. O rio Amazonas desagua
principalmente ao norte da ilha de Marajd, e uma parte menor de sua vazdo desagua na
baia de Marajo ao sul, através do canal de Breves. A regido do estuario se estende rio
acima até a confluéncia dos rios Xingu e Amazonas. A zona de maré estuarina e suas
extensdes variam de 400 a 500 km, dependendo do nivel do rio Amazonas (Goulding et
al., 2003). Sua vazéo e a corrente norte do Brasil controlam a extensdo sazonal da porgéo
de &gua doce do seu estuario. O ciclo sazonal de sua vazdo é responsavel pela expansdo
e retracdo dos habitats de dgua doce no estuario, e a corrente Norte do Brasil sempre
desvia a pluma amazonica na dire¢do norte, criando assim um gradiente de salinidade
latitudinal ao longo da costa amazoénica (Curtin e Legeckis, 1986; Nikiema et al., 2007).
Os portos comerciais de desembarque de bagres na regido do estuario estdo localizados
principalmente nas cidades brasileiras dos estados do Pard e Amapa.

A regido Oriental se refere ao trecho inferior do rio Amazonas de
aproximadamente 1.000 km, situado a montante do estuario, a foz do rio Xingu, e a
jusante das confluéncias com os rios Negro e Madeira. Os principais afluentes dos
escudos do Brasil e da Guiana, os rios Xingu e Tapajos, desembocam no rio Amazonas,
na regido Oriental. O rio Tocantins descarrega diretamente regido do estuario. Esta regido
esta sujeita aos eventos da maré e do pulso de inundagéo sazonal provenientes de eventos
hidrolégicos a montante. Os principais portos comerciais para desembarque dos grandes
bagres na Regido Leste estdo nas cidades do Para (Viseu, Augusto Correa, Quatipuru, Sao
Jodo de Pirabas, Salinopolis, Maracanda, Marapanim, Curuca, Sado Caetano, Vigia,
Colares, Soure, Salvaterra, Braganca, Vila do Conde, Abaetetuba, Limoeiro do Ajuru,
Cameta, Mocajuba, Baido, Tucurui, Jacunda, Itupiranga, Monte Alegre, Alenquer,
Oriximina).

Embora posicionada mais internamente, a regido Central ainda tem uma altitude
inferior a 100 m e inclui uma grande parte da regido geologica definida como Bacia de
antepais Amazonica (Lima e Ribeiro, 2011). Inclui aproximadamente 2.000 km do rio
Solimbes-Amazonas e as partes inferiores de seus rios de agua branca com cabeceiras nos

Andes, como os rios Madeira, Purus, Jurua, Caqueta-Japura e Putumayo-I¢4d. Como na
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regido leste, a regido central é caracterizada hidrologicamente por um forte pulso sazonal
de inundagdo. As cidades do departamento do Amazonas na Colémbia e do estado do
Amazonas no Brasil recebem a maior parte dos grandes bagres capturados na regido
central.

A regido Ocidental fica nos Andes, abaixo de aproximadamente 300 metros de
altitude e contiguo a planicie Amazonica. Esta regido inclui os trechos superiores dos rios
Madeira, Ucayali, Marafion, Putumayo e Caquetd, que sdo caracterizados por serem
altamente turvos devido a sua proximidade aos Andes. Embora ocorra um forte pulso de
inundacdo sazonal, a regido é influenciada por picos de enchentes periddicas, conhecidas
no Brasil como cabega d’agua, que sdo ocasionadas por enxurradas na costa andina. Os
principais portos de pesca nessa regido estdo nas cidades dos departamentos de Loreto e
Ucayali, no Peru, mas outros pequenos portos recebem os desembarques dos grandes
bagres nos departamentos de Cochabamba e Beni na Bolivia, no departamento Madre de

Dios no Peru e no departamento do Amazonas na Colémbia.

Bacia amazonica Regiao do estuério

R 0 255075 km

B B

Area de pesca da
frota de arrasto de

E / fundo com parelha
Ilha do Marajo
[P,

Legenda

[ ! Limites da bacia amazénica
Unidades federativas

— L %
{__1 Departamentos bolivianos

Departamentos colombianos

71 Estados brasileiros
20°s Ml Departamentos peruanos
80°W 70°W 60°W 50°W Rio

0 250 500 750 km
I S

[] Limite dos paises
Area de pesca
—— Area restrita (0°N, 48°W)
[ Area restrita (10 milhas nauticas)

Figura 1. A bacia Amazonica, destacando os paises, departamentos ou estados das
principais regides pesqueiras e as regides de pesca do Estuario, Oriental, Central e
Ocidental. A regido do estuario inclui a zona de pesca da frota de arrasto de fundo com

parelha.
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3.2 Coleta de dados

3.2.1 Dados de pesca comercial artesanal para a bacia amazonica

Os desembarques comerciais de peixes ocorrem em portos publicos e privados,
sendo que estes Ultimos pertencem a empresas frigorificas localizadas ao longo dos
grandes rios entre os Andes e o0 estuario da Amazonia. As estatisticas de desembarque
estdo disponiveis pelas agéncias nacionais de pesca do Peru, Colémbia e Brasil (Agéncia
de Pesca Peruana “Direccion Regional de Pesqueria” - DIREPRO; Agéncia Colombiana
de Pesca "Servicio Estadistico Pesquero Colombiano; Instituto Chico Mendes de
Conservagdo da Biodiversidade” - ICMBIO). A atividade pesqueira do Equador é
primariamente para subsisténcia e fornecimento ao mercado local e h4 dados minimos
registrados (Utreras-Bucheli, 2010; Van Damme et al., 2011).

Brasil, Peru e Colébmbia, respectivamente, subsidiam importantes pescarias
comerciais com mercados de exportacdo tradicionais para outras regides da Bacia
Amazdnica ou outros paises (Barthem e Goulding, 2007). O Peru possui uma longa série
de dados sobre pesca na Amazonia, especialmente no Departamento de Loreto, onde a
Agéncia de Pesca Peruana “Direccion Regional de Pesqueria” (DIREPRO) coleta dados
desde 1980 continuamente. J& nos departamentos de Madre di Dios e Ucayali estdo
disponiveis dados de apenas alguns anos em fontes de literatura (Barthem, 1995) e
relatorios ou bancos de dados da DIREPRO. A producdo pesqueira da Amaz6nia
colombiana, incluindo dados on-line, inclui os portos do Departamento do Amazonas,
especialmente nas cidades de Leticia e La Pedrera (disponiveis on-line pela Agéncia
Colombiana de Pesca "Servicio Estadistico Pesquero Colombiano" (Sepec, n.d.) e
abrange os periodos entre 1993 e 1999, 2006 e 2007).

No Brasil ocorrem as maiores pescarias da Amazonia, e os dados para as quatro
espécies de grandes bagres migradores explotados (B. rousseauxii, B. vaillantii e as duas
especies de piraibas agrupadas, B. filamentosum e B. capapretum) estdo disponiveis on-
line pelo Instituto Brasileiro de Conservacdo Ambiental “Instituto Chico Mendes de
Conservacdo da Biodiversidade” (ICMBIO) para nove Estados (Acre, Amapa,
Amazonas, Maranhdo, Mato Grosso, Pard, Ronddnia, Roraima e Tocantins) (Icmbio,
n.d.). Os relatorios de pesca do site do ICMBIO fornecem informagdes desde 1944,
porém, utilizamos dados a partir de 1980 e 2007. Apos 2007, as informacdes representam
estimativas baseadas em projec¢des estatisticas tendo em vista a interrupcdo da coleta de
dados. Os dados estdo disponiveis no site do ICMbio e foram coletados em projetos de
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estatistica pesqueira por agéncias governamentais (Instituto Brasileiro de Meio Ambiente
e dos Recursos Naturais - IBAMA, Ministério da Pesca — MPA) em conjunto com
instituicdes de ensino e pesquisa. Os dados da produgdo pesqueira de duas outras especies
dos grandes bagres migradores (B. platynemum e B. juruense) e do periodo entre 1992 e
2004 foram compilados a partir da literatura de varias fonte de dados (Isaac e Ruffino,
2000; Doria et al., 2012); pela Agéncia Brasileira de Producdo Animal do Ministério da
Agricultura, “Ministério da Agricultura, Pecudria e Abastecimento” (MAPA); do banco
de dados de desembarque de peixes da Colonia de Pescadores de Porto Velho “Colonia
de Pescadores Z-1, Tenente Santana”; e da Eletronorte-Centrais Elétricas do Norte do

Brasil, IBAMA-Provarzea e Museu Paraense Emilio Goeldi.

3.2.2 Dados de pesca industrial para a foz do rio Amazonas

Os desembarques em toneladas de piramutaba (B. vaillantii) explotada pela frota
industrial na foz do rio Amazonas foram obtidos nos anuérios estatisticos da agéncia
brasileira responsavel pelo gerenciamento das pescas no Brasil (Icmbio, n.d.). Os
desembarques da pesca de arrasto industrial direcionada a piramutaba estavam
disponiveis de 1971 a 2007. Além dos desembarques, dados de Captura por Unidade de
Esfor¢o (CPUE) de 1975 a 1996 foram utilizados. Foi calculado como captura total em
toneladas por dia de pesca de 1975 a 1996, periodo em que o esforco de pesca estava
disponivel (Ibama, 1999). Os dados estdo disponiveis no site do ICMbio e foram
coletados em projetos de estatistica pesqueira (Superintendéncia Especial de Aquicultura
e Pesca - SUDEPE, IBAMA, MPA, MAPA) por agéncias governamentais em conjunto

com institui¢cdes de ensino e pesquisa.

3.2.3 Dados de frequéncia de comprimento de peixes na bacia Amazonica
Um conjunto de dados de comprimentos dos grandes bagres migradores foi
analisado para mapear estatisticamente as classes de tamanho por regides. Os dados foram
obtidos em pescarias comerciais e experimentais entre 1982 e 2011 em pelo menos 187
localizagOes distribuidas ao longo das quatro principais regides pesqueiras da Bacia
Amazo6nica, incluindo Brasil, Peru, Colémbia e Bolivia.
As redes de emalhar eram o equipamento usado na maioria das pescarias comerciais,
embora algumas amostras incluissem espinhel. A pesca comercial de B. vaillantii foi
baseada em redes de cerco no rio Amazonas (Solimdes) e redes de arrasto no estuario. As

andlises de B. vaillantii e B. rousseauxii incluiram o tipo de equipamento de pesca para
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eliminar o viés da seletividade. A pesca experimental e comercial utilizou redes de
emalhar com tamanho de malhas de 12 a 20 cm entre nds opostos, medidas na diagonal.
Os dados de tamanho dos peixes foram agrupados em categorias sub-adultos e adultos,
delimitadas pelo tamanho minimo de maturidade (Minimum Maturity Size - MMS) para
cada espeécie previamente definida (Barthem et al., 2017). Os dados foram agrupados
espacialmente conforme as quatro principais regides pesqueiras: Estuario, Oriental,
Central e Ocidental. Os dados acima relatados s&o provenientes de banco de dados de
projetos coordenados pelo Prof. Michael Goulding (Area oeste bacia Amazonica — 2002-
2006; Area central bacia Amazdnica — 1977-1980), pelo Prof. Ronaldo B. Barthem (Area
central bacia Amazonica — 1993-1995; Area leste bacia Amazonica — 1983-1996; Area
estuario bacia Amazoénica—1982-1997), do projeto JICA (Area estuario bacia Amazonica
—1996-1997) e, projeto Aquamazon (Area estuario bacia Amazoénica — 2008-2011).
Dados de composicdo do comprimento (comprimento furcal) de piramutaba (B.
vaillantii) explotada pela frota industrial na foz do rio Amazonas foram obtidos por
diferentes agéncias e projetos ao longo dos anos. A Superintendéncia de
Desenvolvimento da Pesca (SUDEPE) coletou os dados de composi¢do do comprimento
de 1979 a 1980, que variaram de 7 a 122 cm. Diferentes projetos executados pelo Museu
Paraense Emilio Goeldi (MPEG) forneceram dados para os periodos de 1982 a 1985 e
1993 a 1997. Esses dados foram compilados em um banco de dados de composicédo de

comprimento usando classes de comprimento de 5 cm de comprimento.
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Abstract

This paper reviews overfishing of goliath catfishes (B. rousseauxii; B. vaillantii; B. filamentosum and B.
capapretum; B. platynemum and B. juruense) in the Amazon Basin within the context of fisheries
management. The commercial exploitation of goliath catfishes in the Amazon Basin occurs from the
Amazon River estuary to the Andean piedmont and includes Brazil, Colombia, Ecuador, Peru and
Bolivia. Fishing pressure in the Amazon Basin increased rapidly after 1970 when refrigerated processing
companies in Brazil and Colombia began exporting fish. The states of Pard and Amazonas in Brazil and
the department of Amazonas in Colombia became the principal geopolitical stakeholders of goliath
catfish production and accounted for most of the commercial catch of these species. With the exception of
B. platynemum, the differential length distribution of goliath catfishes captured in commercial fisheries of
the Amazon indicates fishing pressure is highest in the regions where subadults are dominant. Overfishing
of B. filamentosum, B. capapetrum, B. rousseauxii and B. vaillantii occurred in different regions in the
Amazon Basin at different times after the 1970 when large-scale goliath catfish exploitation began. The
historical analysis of maximum sustainable yield (MSY), fishing mortality (F) and mortality at MSY
(FMSY) for B. vaillantii trawl fishing in the Amazon estuary point to overfishing a few years after large-
scale commercial fisheries began for this species. The increasing trend in fish stock mortality related to
estuarine trawl fisheries first appeared in reports as early as 1985, but not in time to implement measures
to prevent overfishing. Export markets and the low efficiency of fisheries management have historically
characterized goliath catfish fisheries in the Amazon Basin, and this combination led to rapid overfishing
of the various species. The management of migratory goliath species will require interstate/department
and international cooperation to control both overfishing and environmental impacts.
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Main text
Introduction

Commercial inland fisheries are generally multi-species and multi-gear operations, especially in a large
river basin where fish diversity and environmental heterogeneity are elevated (Welcomme 2008). There
are few examples where inland fishery catches are dominated by only a single species or few similar
species. Examples include the Nile perch (Lates niloticus) in Lake Victoria where it is an introduced
species, clupeids in Lake Tanganyika, hilsa (Tenualosa ilisha) in the Ganges River and goliath catfishes
in the Amazon River (Barthem et al. 1997; Bartley et al. 2016; Funge-Smith 2018; Welcomme 2008).
Goliath catfish fisheries are widespread in the Amazon Basin and they supply local fish markets and fish
processing plants along the Amazon River and its estuary. Migratory catfish fisheries occur mainly in
open waters of turbid river channels and in the Amazon River estuary where a few species of the
freshwater family Pimelodidade, especially of the genus Brachyplatystoma, account for most of the
catfish production (Agudelo-Cérdoba et al. 2000; Barthem and Goulding 2007).

The seven extant species of Brachyplatystoma (Table 1) are known vernacularly in English as goliath
catfishes (Lundberg et al. 2011), and include two of the three largest fishes in the Amazon (Lundberg and
Akama 2005), Brachyplatystoma vaillantii, B. rousseauxii, B. juruense, B. platynemum, B. filamentosum,
B. capapretum and B. tigrinum. Two or three (Brachyplatystoma vaillantii, B. rousseauxii) of the goliath
catfishes undertake the longest freshwater fish migrations in the world (Barthem et al. 2017). Goliath
catfishes are major river channel and estuarine predators, and range in maximum known adult fork length
(FL) from 60 to 280 cm. Six of the seven goliath catfish species are widely exploited by commercial
fisheries in the Amazon Basin, with only one species, B. tigrinum, restricted mostly to the western half of
the basin and rarely reported in fish landing records (Barthem and Goulding 2007; Lundberg and Akama
2005; Lundberg et al. 2011). However, ornamental fisheries exploit B. tigrinum and it is one of the most
valued Amazonian fish species in the international aquarium market (Anjos et al. 2009). Four goliath
catfishes (B. vaillantii, B. rousseauxii, B. platynemum, and B. juruense) undertake long-distance
migrations (> 1,000 km), whereas existing field evidence indicates that B. filamentosum, B. capapretum
and B. tigrinum appear to undertake shorter migrations (Barthem et al. 2017).

With the exception of the estuary, the large-scale exploitation and local consumption of catfish is
relatively recent in the Amazon Basin because of a historical food taboo against smooth-skinned fishes
(Begossi et al. 2004). Catfish fisheries are now widespread in the Amazon Basin, including not only the
Amazon River but also the lower portions of its turbid rivers with headwaters that arise in the Andes, such
as the Madeira, Purus, Jurua, Caqueta-Japuré and Putumayo-Ica. Large-scale exploitation of catfish began
after the establishment of refrigeration plants along the large rivers and estuary in the 1970s (Fabré and
Barthem 2005; Rodriguez-Fernandez 1991; Barthem and Goulding 2007). These plants took advantage of
the abundance of an underexploited fish resource and targeted catfish export markets in Brazil and
Colombia. Currently, fishers in Brazil, Colombia, Peru, Bolivia and Ecuador exploit goliath catfish stocks
using many types of fishing gear and boats, including bottom pair-trawlers in the Amazon estuary
(Barthem and Goulding 2007; Batista et al. 2018; Fabré and Barthem 2005).

Uncontrolled fishing effort led to the serious overexploitation of the most important catfish stocks within
a decade or two after major fisheries for these species began. Furthermore, the low efficiency of fisheries
management plans exacerbated this situation in all Amazonian countries that exploit these species
(Agudelo-Cérdoba et al. 2013; Alonso and Pirker 2005; Barthem and Petrere Jr 1995; Petrere et al. 2004).
The management of goliath catfishes in the Amazon Basin is challenging because of the large area
involved and highly complex fisheries. Diverse fleets and gear used from the Amazon River estuary to the
Andean piedmont, along with limited and poor quality fisheries data, hamper fish stock assessments
(Barthem and Goulding 2007; Batista et al. 2018; Fabré and Barthem 2005; Fitzgerald et al. 2018; Jiao et
al. 2011). Furthermore, large-scale environmental modifications in the Amazon, such as dams and
watershed deforestation, are an increasing threat to fisheries in general, but especially migratory species
that require ecological connectivity at transnational levels (Finer and Jenkins 2012; Forsberg et al. 2017;
Goulding et al. 2019; Malhi et al. 2008). The effectiveness of the management and conservation of the
continental-scale migratory goliath catfish species depends on the coordinated action of all countries
involved because of the enormous life-history areas the species occupy (Goulding et al. 2019).
International coordinated actions need to be reached through international agreements and cooperation
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(Valbo-Jgrgensen et al. 2008), but the present absence of initiatives by Amazonian countries presents an
alarming fisheries situation for the region.

This review aims to highlight overfishing of goliath catfishes within a geopolitical, biological and
management context in the Amazon Basin, and finally, to call attention to the possible imminent demise
of the large-scale fisheries of these species and the urgency of adequate management strategies.

Methods
Study area and fishing regions

The goliath catfish fishing areas in the Amazon Basin are associated with the channels of the large rivers
between the Andean piedmont in the west and the Amazon River estuary in the east, the latter including
the freshwater areas off the Amazon coast. Brazil, Peru, Colombia, Bolivia and Ecuador share this vast
area and we divide it into four fisheries regions according to their environmental characteristics and
distances from the Amazon River mouth (Figure 1).

The Estuary Region encompasses the freshwater zone from just north of the Amazon River mouth to
south of Marajé Island that separates the Amazon River from Marajo Bay. The Amazon River channel
discharges to the north of Maraj6 Island, but Amazon River water also reaches Marajo Bay to the south
via the Breves Channel. The Estuary Region extends upriver to the confluence of the Xingu and Amazon
rivers where tidal influence is pronounced. Depending on the level of the Amazon River, the estuarine
tidal zone and its extensions vary 400 to 500 km (Goulding et al. 2003a). Amazon River discharge and
the North Brazil Current control the seasonal extension of the freshwater portion of the Amazon estuary.
The seasonal cycle of Amazon River discharge is responsible for the expansion and retraction of the
freshwater habitats in the estuary, and the North Brazil Current always deflects the Amazon plume in a
northward direction, thus creating a latitudinal salinity gradient along the Amazon coast (Curtin and
Legeckis 1986; Nikiema et al. 2007). Commercial catfish landing ports in the Estuary Region are in
Brazilian cities in the states of Pard and Amapa.

The Eastern Region is the approximately 1,000 km lower portion of the Amazon River, less the Estuary
Region, and is delimited upstream at the mouths of the Negro and Madeira rivers and downstream at the
mouth of the Xingu River. The main tributaries of the Brazilian and Guiana shields, the Xingu and
Tapajos rivers, discharge into the Amazon River in the Eastern region. The Tocantins River discharges
directly into the estuary. Tides occur in the lower Eastern Region but, for the most part, there is a strong
seasonal flood pulse emanating from upstream hydrological events. The main commercial ports for
catfish landing in the Eastern Region are in Brazilian cities of the state of Para.

Although inland, the Central Region is still largely less than 100 m in elevation and includes a large
portion of the Amazonian lowlands. It includes approximately 2,000 km of the Amazon River (Solimdes-
Amazonas) and the lower portions of its turbid rivers with headwaters in the Andes, such as the Madeira,
Purus, Jurua, Caqueta-Japurd and Putumayo-Ica rivers. As with the Eastern Region, a strong seasonal
flood pulse characterizes the Central Region hydrologically. Cities in the department of Amazonas in
Colombia and the state of Amazonas in Brazil receive most of the catfish caught in the Central Region.

The Western Region includes the Andean Piedmont below approximately 300 m and its contiguous
lowlands. It includes the upper portions of the Madeira, Ucayali, Marafién, Putumayo and Caqueta rivers.
Andean sediments render these rivers highly turbid and though a strong seasonal flood pulse occurs, it has
more peaks than those observed in the Central and Eastern regions. The main fishing ports in this region
are in cities in the departments of Loreto and Ucayali in Peru, but other small ports receive catfish in the
departments of Cochabamba and Beni in Bolivia, Madre de Dios in Peru and Amazonas in Colombia.
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fishing regions. The Estuary region, highlighting the North Coast (Amazon estuary and Atlantic Ocean), the black points showing where fishing trawls operate, the catfish
landing cities (CLC) and the restricted trawl fleet areas based on current legislation (IBAMA, 1999)
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Commercial fisheries data for the Amazon Basin

Commercial fish landings occur in public and private ports, with the latter belonging to refrigeration
plants located along the large rivers between the Andes and Amazon Estuary. Landing statistics are
available by national fisheries agencies for Peru, Colombia and Brazil. Ecuador's freshwater fishing
activity is primarily for subsistence and local market supply, and minimal recorded data are available
(Utreras-Bucheli 2010). Fishery production for the Bolivian Amazon includes commercial fishing activity
in the Beni and Cochabamba departments (Figure 1). The available Bolivian data refer to total fish
consumed for the years 1986 to 1994 (Van Damme et al. 2011).

Brazil, Peru and Colombia, in that order, support important commercial fisheries with traditional export
markets to other regions or countries in the Amazon Basin (Barthem and Goulding 2007). Peru has a long
time series of Amazonian fishery data, especially in the department of Loreto where the Peruvian Fishing
Agency “Direccion Regional de Pesqueria” (DIREPRO) has collected data since 1980. Fishery data in the
Madre de Dios and Ucayali departments of Peru are only available for a few years (Figure 1). Data
sources for Peruvian fishery production include literature sources (Barthem et al. 1995) and reports or
databases of DIREPRO. Colombian Amazonian fishery production, including online data, includes the
ports of the department of Amazonas, especially in the cities of Leticia and La Pedrera (Figure 1) (reports
of fishery production data are available online by the Colombian Fishery Agency “Servicio Estadistico
Pesquero Colombiano” (SEPEC n.d.) and cover the periods between 1993 and 1999 and 2006 and 2007).
Brazil supports the largest fisheries in the Amazon, and data for four of the goliath catfish species
exploited (B. rousseauxii, B. vaillantii, B. filamentosum and B. capapretum) are available online by the
Brazilian environmental conservation agency “Instituto Chico Mendes de Conservagédo da
Biodiversidade” (ICMBIO) for nine states (Acre, Amapa, Amazonas, Maranhdo, Mato Grosso, Para,
Ronddnia, Roraima and Tocantins) (ICMBIO n.d.). The fishing reports of the ICMBIO website provide
information since 1944, but the most reliable data is for the period between 1980 and 2007. Before that
period, information regarding species names, the origin of fish catches relative to states, and/or the type of
fishing fleet was often misleading. Subsequent to 2007, when data collecting ended, information
represents estimates based on statistical projections. Fishery production data for B. platynemum and B.
juruense from the period between 1992 and 2004 were compiled from the literature (Doria et al. 2012;
Isaac and Ruffino 2000); from refrigeration plant reports produced by the Brazilian Agency of Animal
Production of the Agriculture Ministry “Ministério da Agricultura, Pecuaria e Abastecimento” (MAPA);
from the fish landing database of the Porto Velho Fishing Colony “Colonia de Pescadores Z-1, Tenente
Santana”; and from Eletronorte—Centrais Elétricas do Norte do Brasil, IBAMA-Provarzea, and Museu
Paraense Emilio Goeldi (Figure 1).

Due to the limitation of the available data and the uncertainty of the data collection methodology used in
different countries and states or departments (states in Brazil and departments in Bolivia, Peru and
Colombia), we used the average annual catch by species and states or departments as indicative of
regional production.

Fish size data in the Amazon Basin

Our dataset of goliath catfish lengths obtained from various sources provided length ranges for the four
main fisheries regions: Estuary, Eastern, Central and Western (Figure 1). The data included commercial
and experimental fisheries between 1982 and 2011 that represented at least 187 locations over a vast area
of the Brazil, Peru, Colombia and Bolivia. Gillnets were the gear used in most commercial fisheries,
though some samples included trotlines. Commercial fisheries of B. vaillantii included seine net catches
in the Central Region and trawl catches in the Estuary Region. Trawls and seine nets used in the estuary
and/or river channels captured fish with comparable sizes to those taken with gillnets, although trawls and
seines also capture small fish that escape gillnets. Analyses of B. vaillantii and B. rousseauxii included
gear to consider the selectivity bias in analyzes. Experimental and commercial fisheries used gillnets with
mesh sizes ranging 12-20 cm measured diagonally. Finally, minimum maturity size (MMS) (Barthem et
al. 2017) was used to separate subadult and adult categories for each fishery region.

Trawl fishery data and Analyses in the Amazon estuary
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Annual capture data of B. vaillantii by the trawl fleet was collected by the Brazilian agencies responsible
for fishery management (Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renovaveis
(IBAMA 1999). Most recent data are available on the website of ICMBIO
(http://www.icmbio.gov.br/cepsul/biblioteca/acervodigital/38download/artigos-cientificos/112-artigos-
cientificos.html). Fish size samples include different periods compiled from a range of sources related to
fishing periods. The technical reports of the Superintendéncia do Desenvolvimento da Pesca - SUDEPE
provided the fish size composition for the period 1979-1980. Datasets of different projects sponsored by
the Museu Paraense Emilio Goeldi — MPEG provided data for the periods 1982-1985 and 1993-1997, and
the data for the years 2008-2011 were provided by “Industrial Fishing Monitoring of the Para State
Project” supported by the Ministerio da Pesca, MPA.

The status of the B. vaillantii trawl fishery was determined by the trends of two biological indicators: (i)
the relationship between the present catch and the maximum sustainable yield (MSY) level (Gaertner et
al. 2001), and (ii) the relationship between the current fishing mortality, F, and the F that produces MSY
(F/Fmsy) (Pons et al. 2017). We estimated the MSY level by the changes over time in the relative rate of
catch increase (RRCI) (Equation 1) by periods of the gradual development of the trawl fishery for B.
vaillantii (Gaertner et al. 2001; Grainger and Garcia 1996). The limits of each period were determined by
the set of years where the smoothed RRCI, or RRCI’ (Equation 2), exhibits a declining trend or
continuous increase in the exploitation rates, as presupposed by the method (Gaertner et al. 2001). The
principle of the RRCI is that it declines to zero when the fishery reaches the mature phase and the catch
reaches the maximum yield, considered by the model as the MSY proxy or MSY grci. The model assumes
that fishing effort had increased over time, which is consistent with the trawl fishery for B. vaillantii,
despite a regulation in 2002 prohibiting more than three boats fishing together. We adopted a period of
three years (L) as the age groups that are vulnerable to fisheries in the estuary area before they start to
migrate, to calculate the averaged previous catches (Cav) (Equation 3) and the second-degree polynomial
to fit the regression between RRCI” and Cav.

(C¢—14C¢_2+Ct_3)
Ct_[ t—1 t32 t3]

RRCI, = [(Ct_1+ct_2+ct_3)] Equation 1
3
t+1
RRCI; = (W) Equation 2
Cav, = G) b o Ce Equation 3

The relationship between current fishing mortality, F, and the F that produces MSY (F/Fmsy) was
calculated considering F as the difference between the total mortality (Z) of each year and the natural
mortality (M), and Fusy as 0.30 year™ (Alonso and Pirker 2005). The total mortality (Z) was estimated by
the length-converted catch curve procedure of FiISAT Il (Gayanilo et al. 2005), considering the maximum
asymptotic length Loo = 110.5 cm and the growth coefficient K =0.10 (Alonso and Pirker 2005). Natural
mortality (M) was estimated by three methods: (i) Pauly’s methods (Pauly 1980): log, (M =

0.0066 — 0.279 log,9L., + 0.6543 log,oK + 0.4634 log,,T, with the mean environmental

temperature T=27,8°C (Barthem and Petrere Jr 1995); (ii) Taylor’s method: M = ~In(1-05%)
0,95

is the age at which 99% of the cohort would be dead (Sparre and Venema 1997): and (iii) Cubillos’s
methods (Cubillos 2003): M, = % where K is the growth coefficient. Fishing mortality was
estimated to be the average of the three different methods. The stock was considered overfished if the
catch exceeded the MSY proxies (Gaertner et al. 2001) or if the indices F/ Fmsy were larger than one
(Pons et al. 2017). We analyzed the effect of fisheries management during the study period with the
Mann-Kendall test for monotonic temporal trend on the fishing mortality data. The “Kendall” package for

the Mann- Kendall test of the program R (RCoreTeam 2013) was used considering o= 0.05 as the error.

, where Ag.gs

Results and Discussion
History and geopolitics of goliath-catfish fishery production

The late 1950s mark the beginning of modern commercial fishing in the Amazon Basin, especially in
Brazil with the use of motorized boats, ice plants, and nylon nets and lines (Meschkat 1960). Due to
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historical taboos against eating catfish, intensive fishing pressure on the Amazon catfish stock began only
in the early 1970s after the availability of fish processing plants along the main river channel in Brazil
and Colombia to export frozen fish to other regions or countries. The estuary was an exception to the
catfish taboo because marine and freshwater catfish exploitation occurred since the indigenous period. In
the early 1970s, industrial-scale fishing companies operating in the estuary, and subsidized by the
Brazilian government, focused especially on B. vaillantii because of its export market. In Colombia, the
increased production of coca for the international cocaine market during the years 1978-1982 led to an
economic boom that indirectly stimulated the catfish fishery in the Amazonas and Caqueta rivers
(Agudelo-Cérdoba et al. 2000; Almeida 2006; Barthem and Goulding 2007; Begossi et al. 2004; Fabré
and Barthem 2005; Rodriguez-Fernandez 1991).

Fishing companies and artisanal fishing fleets exploit goliath catfish in the Amazon Basin. Bottom pair-
trawler fishing operations began exploiting the Amazon estuary in 1972 to supply local fish processing
industries. The current trawler fleet is composed of 48 vessels with an average boat length of 22 meters,
outfitted with navigation instruments such as GPS and sonar, ice capacity of 35 to 60 tons and powered
on average by 375 HP engines. The paired bottom otter-trawl was the technique developed to fish on the
soft mud originating from Amazon River sediments deposited in the mouth area. The general
characteristics of the estuarine trawl fleet make it the most modern and powerful fishing operation that
exploits fish species in the Amazon, although it is restricted to a limited area of the Estuary Region
(Figure 1) (Barthem and Goulding 2007; Klautau et al. 2016b). The artisanal fishing fleet is made up of
diverse types of fishing boats and operates locally across the Amazon using mainly drifting gillnets and
seines, and to a limited extent harpoons and longlines (Barthem and Goulding 2007; Batista et al. 2018;
Fabré and Barthem 2005).

Total production of goliath catfish fisheries is available for the period between 1980 and 2007, but there
are many gaps in the historical datasets. The available data for the Madre de Dios Department in Peru is
limited to three years, nine years for Bolivian and Colombian departments, 12 years for the department of
Ucayali and 21 years for the department of Loreto in Peru (Table S1 of the supplementary material). The
low local presence and/or abundance of some species probably accounts for their poor showing in species
records. Fishery statistics for B. platynemum and B. juruense are limited to a few years, and then only for
Brazilian states. The only goliath catfish data in Bolivia are for B. rousseauxii. As indicated by historical
fisheries data, the natural limit of B. vaillantii in the Madeira Basin was near Porto Velho in Brazil, and
the lower biogeographic limits of B. juruense are in the Eastern Region. Most goliath catfish landing data
refers to distinct scientifically recognized species. The one exception includes B. filamentosum and B.
capapretum, two species grouped in fisheries data under the common name piraiba in Brazil and salton
elsewhere in the Amazon, as they are very similar superficially.

The average annual fishery production of goliath catfishes varies widely in relation to the species and the
state or department. Total annual production of each species ranges from 18,976 t for B. vaillantii and 22 t
for B. juruense (Table S2). Investment in fish processing plants in Brazil and Colombia, the two most
important countries exploiting catfish, largely determines the scale of present goliath catfish fisheries. The
Brazilian states of Para and Amazonas and the Colombian department of Amazonas represent together
92% of total goliath catfish production in the Amazon Basin. Thus, this geopolitical group contains the
most important stakeholders for commercial fisheries of goliath catfishes (Figure 2).

Goliath catfish composition varies between countries and departments or states. In general, B. vaillantii,
B. rousseauxii and the two piraiba species (B. filamentosum and B. capapretum) represent together 99%
of total production. The Eastern and Estuary regions (Para and Amap4, Brazil) dominate the production of
B. vaillantii (86%) and B. rousseauxii (61%), whereas the production of B. platynemum (95%) and B.
juruense (74%) is concentrated in the Central Region (Amazonas Department in Colombia and Amazonas
State in Brazil). Ninety percent of the two piraiba species production is dispersed in Pard, Amapa and
Amazonas states in Brazil and Amazonas Department in Colombia. The fishery production of B.
filamentosum and B. capapretum species is unknown, but it probably varies regionally (Huergo et al.
2011) (Figure 2).

The trawler fishing fleet is relatively small (currently 48 vessels) and operates in a limited area near the
Amazon River mouth in Brazil, compared with the much more widely distributed artisanal fishing fleet.
However, the trawler fishing fleet accounts for 46% of total goliath catfish production in Brazil, including
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67% of B. vaillantii production and 18% of B. rousseauxii production. B. vaillantii accounts for 89% of
total estuary production of goliath catfishes captured by trawlers, followed by B. rousseauxii (11%) and
B. filamentosum and B. capapretum (0.2%).

Total by Countries Total by Species
Brazil-BR B. vaillantii
B. rousseauxii 10,671
Colombia-CO 3,172 -
B. filamentosum & B. capapretum
Peru-PE 750 B. platynemum
Bolivia-BO | 0.32 B. juruense
Total by States or Departments B. filamentosum & B. capapretum
BR-Para BR-Amazonas
BR-Amazonas BR-Para

CO-Amazonas

BR-Amapa

B. vaillantii CO-Amazonas

BR-Para BR-Amapa 324
PE-Ucayali I 448
PE-Loreto | 201 BR-Amazonas 1,901 Other 384
ani CO-Amazonas 543
BR-Rondénia | 256 B. platynemum
BR-Acre | 237 BR-Amapa [ 328
CO-Amazonas
BR-Maranhido | 131 Other | 232
BR-Para
BR-Roraima |52
BR-Tocantins | 51 B. rousseauxii BR-Amazonas | 6
BR-Para 5,823 -
BR-Mato Grosso | 12 ara 8 PE-Loreto |3
PE-Madre de Dios | 11 CO-Amazonas - 1,813 Other | 4
BO-Beni & Cochabamba | 0.32 BR-Amazonas - 1,499
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Fig. 1 Average annual production (metric tons) of goliath catfish species in relation to countries and states
or departments

Migration behavior and size class distribution of the goliath catfishes

Size-class distribution analyses include the lengths of 325,236 goliath catfishes and the gear used to catch
them from the four main fisheries regions between 1982 and 2011 (Table S3). The analyses included all
species except B. filamentosum and B. capapretum because it is impossible to define the MMS with
mixed species in fishery data. No measurements were available for B. vaillantii in the Western Region,
though the species is exploited modestly near Iquitos in Peru and as far upstream as the Manseriche
Gorge of the Marafion River at the edge of the Andes. Likewise, catches of B. juruense and B.
platynemum are minimal in the Eastern Region.

The most striking size distribution pattern for most goliath catfishes analyzed is the decreasing presence
of subadult fish from east to west. The exception was B. platynemum, which did not present such an
obvious size-class separation regionally between subadult and adult fish. Only B. vaillantii and B.
rousseauxii appeared in significant numbers in the fisheries of the Eastern and Estuary regions. The B.
vaillantii catch is composed mainly of subadult fish in all regions, though the abundance of young fish
decreases from east to west. Gillnet catches of B. vaillantii revealed more adults in the Eastern Region
than in the Estuary, though this gear can be highly selective because of mesh size. However, the much
less selective seine and trawl net catches, respectively in the Central Region and Estuary, showed the
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same pattern. Immature B. rousseauxii dominated in the Eastern Region. The size compaosition from trawl
catches, which is less selective than gillnets, indicated a strong dominance of subadults of both B.
vaillantii and B. rousseauxii in the Estuary Region. Most specimens of B. rousseauxii and B. platynemum
captured in the Central Region were adult fish, while most specimens of B. juruense in the same region
were subadults. All B. rousseauxii and B. platynemum and 99% of the B. juruense specimens examined in
the Western Region near the Andean Piedmont were adults (Figure 3).

(] Adult
. B. rousseauxii [ Sub-Adult B. vaillantii
100% - ©100%
40% - T 40%
- — -
0% R e

0%

Western Central Eastern Estuary | Estuary' " Central Eastern Estuary Estuary

Gillnet Trawl Seine Gillnet Trawl
B. platynemum B. juruense
100% I 100%
80% - 80%
60% I 60%"
40% I 40%-
20% I 20%"
0/ - : 0/ -
0% Western . Central 0% Western . Central
Gillnet Gillnet

Fig. 3 Fish size composition of goliath catfishes captured by fishing gear and regions

Of the goliath catfish species, the migration patterns of B. vaillantii and B. rousseauxii are the best
understood. Adult and subadult schools leave the estuary and migrate upriver during the low discharge
period of the Amazon River (Barthem and Goulding 1997). Other goliath catfish species undertake
similar upstream movements and full-time, part-time or occasional fishers capture them during the
migration period (Agudelo-Cdrdaoba et al. 2000; Barthem and Goulding 2007; Garcia et al. 2012). Fish
migration behavior largely explains the size composition differences of B. rousseauxii, B. vaillantii and B.
juruense captured in different regions. As indicated by the presence of adult fish, the Western Region is
the spawning area, and the downstream sections are the nursery areas for smaller fish. The Estuary
Region is the nursery area for B. vaillantii and B. rousseauxii and the Eastern Region appears to be the
nursery area for B. juruense based on limited data (Barthem et al. 2017). Published studies indicate at
least two populations of B. platynemum in the Amazon Basin, indicating different migration patterns than
those of the other goliath catfishes, and perhaps different nursery and spawning areas (Hahn et al. 2019;
Hauser et al. 2019; Ochoa et al. 2015). Depending on the area, fishing pressure results in different
exploitation consequences. The main concern for fishery management of goliath catfishes in the Estuary
Region is growth overfishing. This is due to the non-selectivity of trawl-net catches that also include a
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high bycatch rate not only of young goliath catfishes but also of small adult fish of other species (Barthem
et al. 2015; Barthem and Petrere Jr 1995; IBAMA 1999; Jimenez et al. 2013; Klautau et al. 2016g;
Klautau et al. 2016b). Fishing pressure in the goliath catfish-spawning area in the Western Amazon is
relatively low and based mainly on drifting gillnets and seines, and much less so on harpoons and
longlines. Of more concern, are proposals to construct large Andean dams on several major tributaries
used for spawning by goliath catfishes. These dams could have far-reaching downstream impacts on
migratory routes and hydrological cycles, thus interfering with fish migrations and damaging fisheries
and their associated wetlands (Anderson et al. 2018; Damme et al. 2019; Forsberg et al. 2017)

Overfishing cases

The first step in assessing the effect of overfishing involves identifying fish stocks that represent discrete
biological or genetic populations (Cadrin et al. 2013). The absence of spatial genetic segregation in the
main fishing areas of B. rousseauxii (Batista and Alves-Gomes 2006) and B. vaillantii (Batista et al.
2004) suggests that a single stock is involved. Genetic studies indicate two structured populations of B.
platynemum, one in the Madeira River and the other in the Amazon River (Hahn et al. 2019; Hauser et al.
2019; Ochoa et al. 2015). The distributions of B. filamentosum and B. capapretum overlap in the Andes-
Amazon turbid rivers, although B. capapretum is mostly reported from turbid rivers, whereas B.
filamentosum distribution includes turbid, clearwater and blackwater rivers and indicates three genetic
clades related to water chemistry (Huergo et al. 2011; Huergo 2009). The genetic structure of B. juruense
is unreported. The low interpopulation genetic differentiation of B. rousseauxii and B. vaillantii in the
Amazon Basin appears related to large-scale migratory behavior that acts as a homogenizing agent (Do
Prado et al. 2017). In contrast, B. filamentosum and B. capapretum do not undertake long-distance
migrations (>1,000 km) and spawn widely and in various river types (Barthem et al. 2017; Hermann et al.
2016).

Excessive fishing pressure has resulted in the local reduction or overfishing of the most commercially
important goliath catfish species. The depletion of B. filamentosum and B. capapretum for export markets
by local fisheries was reported for the upper Amazon in the region exploited for the Colombian port city
of Leticia located at the Colombian, Brazilian, and Peruvian border (Petrere et al. 2004). Overfishing of
B. rousseauxii, the species undertaking the longest migrations in the Amazon Basin, was observed
independently in two fishing zones: in the Caqueta River, Colombia (Agudelo-Cérdoba et al. 2013) and in
the Amazon River, Brazil (Alonso and Pirker 2005). Finally, B. vaillantii has been considered overfished
in the Estuary Region since the 1990s (Barthem and Petrere Jr 1995; IBAMA 1999). The status of B.
platynemum and B. juruense stocks are still unknown. Although these studies provide a baseline to
support fisheries management programs, information is still scarce, low in periodicity, and without a long
series of catch data for most species. The trawl fisheries in the Estuary Region, however, are an exception
in terms of the longer historical series of catch data available. Thus, a detailed review of estuary fisheries
provides a starting-point model for the management of other goliath catfish stocks.

The Brazilian bottom pair-trawl operations for B. vaillantii in the Amazon Estuary, accounting for 76% of
the region’s catch, represent a rare example of a single-species and large-scale inland fishery in the
tropics (Klautau et al. 2016b). B. vaillantii landings of the trawler fleet reached their highest value
(22,486 tons) in 1977 after only five years in operation. During the 1980s, B. vaillanti stocks were
overfished and annual production decreased until reaching its historically lowest level (6,299 tons) in
1992 (Barthem and Petrere Jr 1995; IBAMA 1999). The traw! fishery was largely responsible for this
situation because its fleet exploits the nursery area that historically accounted for 67% of the B. vaillantii
catch in Brazil (Barthem and Goulding 2007; IBAMA 1999). Goliath catfish had relatively high
economic value in Amazonian fisheries due to export markets outside of the Amazon. In 1986 and 1987,
B. vaillantii was the third most important fish exported from Brazil as a whole (Barthem and Goulding
2007). Since that time, overfishing of B. vaillantii has continued and the species no longer appears in
export lists.

The historical analysis of the exploitation of trawl fisheries for B. vaillantii represent a 40-year dataset
between 1972 and 2011 (Table S4). The MSY level estimates represent changes in annual catch data
available until 2006. The variation of RRCI’ defined four sets of years with a declining trend as
presupposed by the method (Gaertner et al. 2001) (Figure 4). The development of goliath catfish fisheries
corresponds to four periods. The first period of 1976-1980 corresponded to the first expansion of the trawl
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fishery for B. vaillantii in the estuary. The second period included export markets (1982-1985) that also
after 1983 commercialized fish smaller than 28 cm (fork length), the previous usual minimum length.
Third, was an increase in the number of fishing boats from 43 to 66 boats in the period 1986-1991. The
fourth period (1997-2000) corresponds to the second expansion of the fishery after the historic lowest
catch in 1992, when many boats began fishing together despite a total estuary industrial fishing limit of
48 boats (Barthem et al. 2015; IBAMA 1999). Later restrictions implemented in 2002 set a maximum of
three fishing boats that could work together.

The MSY estimated through the fit of the second-degree polynomial showed a decreasing trend during
the historical data series. The MSY decreased from 1970 to 2000, dropping off from 18,591 t/year in the
first period (1976-1980) to 16,109 t/year in the second period (1982-1985) and 14,915 t/year in the third
period (1986-1991). The MSY stabilized in the last period (1997-2000) to 12,197t/year (Figure 5 and
Table 2). The annual catch exceeds the MSY in all periods, indicating overexploitation six years after the
beginning of this fishery. The analyses of the F/FMSY ratio based on 16 years of data showed a similar
pattern of overexploitation. The F/Fusy ratio value ranged from 0.7 to 11.04, and only in 1996 was the F
lower than the Fusy, while in 75% of the years the F was at least twice the Fusy (Figure 5 and Table S3).
Previous estimates of MSY using the conventional Schaeffer-model ranged between 14,732 and 24,700 t/
year (IBAMA 1999), but the most recent estimate of MSY using the CLIMPROD software indicated a
lower value than that (11.273 t/year) estimated in this paper and points to an even more serious
overfishing situation (Matsunaga 2012).

Although overfishing of B. vaillantii's was first observed in 1984 and 1985 (Barthem and Petrere Jr
1995), our analysis indicates that catches have exceeded the sustainable maximum for almost the entire
period and this stock has suffered high fishing mortality rates since the 1970s, just a few years after
trawling began. Considering that the Brazilian government subsidized the trawler fleet, it is now evident
that it was too large compared to the resource available. However, even with excessive fishing pressure,
B. vaillanti stocks did not collapse as happened with B. filamentosum and B. capapretum in the upper
Amazon. The apparent resilience of the B. vaillantii stock appears related to its wide distribution in the
Amazon Basin and an opportunistic trophic behavior that allows it to prey on abundant smaller fishes in
both the estuary and river channels (Barthem and Goulding 1997). These attributes are associated with
stocks less susceptible to collapse, as was observed in some tropical tuna species (Pons et al. 2017).
Furthermore, although the B. vaillantii nursery area overlaps with the trawler fishing area, exploitation of
the species in other areas is modest and it is apparently almost nonexistent in the spawning area, thus
largely eliminating the threat of recruitment overfishing (Barthem and Goulding 2007). The pattern for B
rousseauxii is somewhat similar (Barthem and Goulding 1997), but differs from B. vaillantii in that its
exploitation is intense in all areas, including its spawning area in the western Amazon, thus making it also
susceptible to collapse. Fishing for B. filamentosum and B. capapretum has characteristics similar to those
of B rousseauxii, with high fishing pressure at all life history stages. As these two species (B.
filamentosum and B. capapretum) undertake local migrations, they are more susceptible to local collapse.
The depletion of B. filamentosum and B. capapretum observed in the upper Amazon is most likely the
result of local overfishing of all size classes large enough to market (Petrere et al. 2004).
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Fig. 4 Analysis of the relative catch rate (RCCI) for B. vaillantii bottom pair-trawl fishery from 1972 to
2006. (a) Changes over time in the relative rate of increase of catches (RRCI) for piramutaba in the mouth
of the Amazon River during a 34-year period (1972 to 2006). Years corresponding to significant changes
in the fishery were not used to estimate the maximum yield and are represented by black dash, and the
data with minor changes are used for the regression represented by diamonds, squares, circles, and
triangles for each trend of years. (b) Changes in catch trends (Cav) for piramutaba against changes in the
relative rate of increase in catches (RCCI) over the historical 34 year period (1972 to 2006)
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Fig. 5 Annual catches (tons) of the B. vaillantii bottom pair-trawler fishing fleet in the Amazon estuary
(gray bars) combined with the MSY proxies (tons) with 95% confidence limits (continuous and dotted
line) and the F/Fwsy ratio (triangle). The data of the annual catches are available for the 1972-2016

Management and conservation scale of goliath catfishes

Compared to other fisheries in the region, the outstanding feature of goliath catfish fisheries in the
Amazon was government subsidization that led to excessive fishing for export markets. Furthermore,
insufficient knowledge and monitoring of fishery resources exacerbated overfishing of goliath catfishes.
Similar circumstances occur in marine fisheries (Pauly 2019; Sumaila et al. 2016). Goliath catfish
overfishing in the Amazon may serve as a forewarning of the unintended consequences of subsidized
fisheries to supply export markets. At present, fisheries management regulations of goliath catfishes
aimed at fishing gear, minimum size limits, time limitations and place restrictions are coordinated only by
local regional governments and in general poorly implemented (Ruffino 2004). Considering the large
migration areas that involve not only many states/departments, but also perhaps five countries and the
wide spatial separation of nursery and spawning areas, present local regulations even if enforced are
insufficient to manage these important species. Considering the vast life history areas of the long-distance
migratory catfishes, environmental impacts and/or overfishing in either upstream or downstream areas
could have far-reaching consequences in the opposite direction. For example, the large catches of small
fish in the Eastern and Estuary Regions, and the absence of small fish upriver, render nearly fruitless the
adoption of minimum size limits by states or departments of the Central and Western Regions (Figure 2
and Figure 3). Moreover, the effect of fishing effort in different regions may cause different types of
overfishing that would affect the fishery across the Amazon Basin, such as growth overfishing in the
Eastern and Estuary regions or recruitment overfishing (spawning fish) in the Western Region.

Present measures to prevent or eliminate growth-overfishing focus mostly on trawl fishing in the Estuary
Region. This management program began in the 1970s and has three main strategies: (i) closed areas, (ii)
fishing effort restrictions and (iii) closed seasons (Table 3). The local managers have economic and
technical limitations for applying the legislation, and most enforcement targets the bottom pair-trawler
fishery. Consequently, it has not been possible to identify and test the effectiveness of each strategy since
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first applied. Thus, we tested the effectiveness of fishery management for goliath catfishes based on
historical data considering the effect of all strategies to reduce fishing mortality. As a result, we observed
a significant descendent trend of fishing mortality during the time period (Mann-Kendall test; tau = -
0.393, 2-sided p-value= 0.0382), suggesting that measures applied have had some effect on reducing
fishing pressure, but it was not enough to avoid overfishing.

The low effectiveness of the management measures adopted by bottom pair-trawler fisheries in the
Amazon Estuary had negative economic and biological consequences on fishery resources, and presents
challenges for the long-term sustainability of large-scale fisheries in the Amazon (Almeida 2006). The
low position of fishery management policy in the Brazilian economic and political arenas further
aggravates the situation (Reis-Filho and Leduc 2017). For example, the implementation and enforcement
of total allowable catches (TACs), considered one of the most positive influences on the rebuilding of
overfished stocks (Pons et al. 2017), is impaired by the lack of fishery monitoring by Brazilian agencies.
In general, there is no general international agreement on what fisheries management targets should be
(Hilborn and Ovando 2014), but evaluating status relative to MSY reference points is a common practice
(with the knowledge that biomass levels other than BMSY may often be desired). Future stock
assessment of B. vaillantii caught in Amazon Estuary should include this type of analysis. In addition,
supervision of other management strategies, such as minimum mesh size of the cod-end of trawls and the
number of boats fishing together, appears unfeasible due to minimal commitment to these measures by
the fishers and owners of fishing boats.

Goliath catfish exploitation in the Western Region targets individuals captured during reproductive
periods (Barthem et al. 2017). There are no restrictions on this fishery, other than the minimum size
limits, which are largely irrelevant since only large size classes are present (Barthem et al. 2019).
Fortunately, relatively little commercial fishing occurs in the reproductive region and some headwater
spawning areas are in protected areas (Goulding et al. 2003b). Reduced fishing activity in the spawning
areas avoids recruitment overfishing for most goliath catfishes, the main exception being B. filamentosum
and B. capapretum that spawn over a much wider area.

There is now considerable discussion and proposals to build large dams in the Andean Piedmont and at
higher elevations (Anderson et al. 2018; Damme et al. 2019; Finer and Jenkins 2012; Forsberg et al.
2017; Tollefson 2011). Andean dam impacts on inter-basin migratory fish species would be far greater
than those presented by the large dams now constructed or proposed for Brazilian Shield rivers, such as
the Tocantins, Xingu and Tapajés. These tributaries are relatively unimportant to long-distance migratory
goliath catfishes, though important to other local migratory species. The two recent Madeira River dams
are the first to interrupt the connectivity between the Amazon Estuary and the Western Region. The
Madeira River is the Amazon’s largest tributary and has a vast goliath-catfish headwater spawning area in
Bolivia and Peru. An experimental migratory fish bypass is being tested at the Santo Antonio Dam near
Porto Velho in the state of Rond6nia, Brazil, but initial results indicated the interruption of upstream
moving subadult and adult goliath catfishes (Damme et al. 2019; Hahn et al. 2019; Santos et al. 2018).
Furthermore, the ability of downstream moving juveniles to pass through this downstream dam is still
unclear. Whereas the main challenges of the Madeira dams are as barriers, the impoundments present
little if any blockage of sediments and nutrients (Anderson et al. 2018; Forsberg et al. 2017). In contrast,
Andean dams would have high structural walls that could radically change sediment, nutrient and river
flow cycles, thus disrupting probable physical and biological cues and environmental conditions that
migratory fish need for successful spawning. These impacts would probably also be compounded by
headwater deforestation and uncontrolled mining activities that exacerbated water pollution. Spawning
habitat destruction in the Andean Piedmont and contiguous downstream areas is the single greatest danger
that the goliath catfishes face in the longer run, though overfishing is critical to address immediately.

The goliath catfishes are transnational species exploited in five Amazonian countries. The management of
their fisheries, if they are to be preserved, will require international cooperation to control overfishing and
environmental impacts. This will require compliance with various international agreements already
signed, including but not limited to the Food & Agriculture Organization (FAO), the Organization
Cooperation Treaty Organization (OTCA), the Ramsar Convention, the Convention on International
Trade in Endangered Species of Wild Fauna and Flora (CITES) and the Convention on the Conservation
of Migratory Species of Wild Animals (CMS) (Valbo-Jgrgensen et al. 2008).
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Tables

Table 1- Scientific and common names of the Amazon Goliath catfish species: EN: English name; PN:

Portuguese name; SN: Spanish name

Scientific Name Common Names Exploited by
Brachvolatvstoma iuruense EN: Zebra catfish; PN: Zebra,
ypiaty ] Flamengo; SN:Zebra, Flamengo,
(Boulenger, 1898) .
Alianza

Brachyplatystoma platynemum | EN: Slobbering catfish; PN: Bab&o;
Boulenger, 1898 SN: Baboso, Saliboro, Flemosa
Brachyplatystoma rousseauxii EN: Gilded catfish; PN: Dourada; Commercial
(Castelnau, 1855) EN: Dorado, Plateado fishin
Brachyplatystoma vaillantii EN: Laulao catfish; PN: Piramutaba; g
(Valenciennes, 1840) SN: Pirabuton, Manitoa
Brachyplatystoma capapretum EN: Kumakuma; PN: Piraiba,
Lundberg & Akama, 2005 . ot L

: Filhote; SN: Lechero, Pirahiba,
Brachyplatystoma filamentosum Salton
(Lichtenstein, 1819)
Brachyplatystoma tigrinum EN: Tigerstriped catfish; PN: Tigre, Ornamental
(Britski, 1981) Dourada-zebra; SN: Zingaro-tigrinus | fishing

Table 2- Maximum Sustainable Yield estimates from a relative catch rate (RCCI") analysis for the
industrial B. vaillantii fishery at the mouth of the Amazon River from 1972 to 2006.

RCCI" time Year of MSY MSY estimate 95% confident interval
period estimate (tons/year) (tons)

1987-1980 1978 17,446 17,142-20,041
1982-1985 1982 15,915 15,181-17,038
1986-1991 1987 15,728 13,879-15,951
1997-2000 1999 12,197 14,165-15,039

Table 3- The set of control rules employed for the fishing management of the B. vaillantii bottom pair-
trawl fishing in the Amazon estuary (Barthem et al. 2015; IBAMA 1999).

Management tools Year Description
Closed area 1976-1987 In 1976 was established a restricted area by
the quadrant 0°5"N and 48°W and in 1987
the closed area was extended along the 10
miles of the coast
Fishing effort Number of a 1983 Maximum of 48 fishing boats
restrictions fishing boat
Mesh size of the | 1983 Minimum of 100 mm
cod-end
Total catch 1983 Maximum of 21,500 tons
allowed
Boats fishing 2002 Maximum of three
together
Closed season 2002 Three months (September to November)

36



37|Pagina

Supplementary material

Table S1: Annual capture records of goliath catfishes by country between 1980 and 2007.

Year Bolivia Brazil Colombia | pgpy
(all States) . :
Loreto Ucayali Madre de Dios
1980 34,193 2 456
1981 21,256 174 458
1982 27,966 48 600
1983 32,903 267 649
1984 22,599 249 419
1985 24,649 198 518
1986 0.04 28,552 293 320
1987 0.60 27,842 229 190
1988 0 21,501 607 718
1989 0 26,052 430 771
1990 1.16 18,766 235 97
1991 0.22 17,661 528 176
1992 0.88 14,388 427
1993 0 10,001 5,773
1994 0 17,644 3,131
1995 17,499 3,407
1996 30,864 2,530
1997 36,966 2,245
1998 33,646 3,614
1999 40,419 3,743
2000 37,543 306
2001 38,100 219
2002 43,644 255
2003 38,719 214
2004 45,449 214 18
2005 43,397 305 6
2006 46,154 2,111 545
2007 38,432 1,997 372 9
Annual Average 0.32 29,886 3,172 291 448 11

37



38|Pagina

Table S2- Average annual production of goliath catfish species by states or departments.

States or Department
]
IS
= 25 | §

IS = 23 £ @

€ 3 S5 N 2

S 2 e & = 2

> —_ = O o = B.

o o [salfee) o us] =
Acre (Brazil) 0 129 108 0 0 237
Amapa (Brazil) 328 675 324 0 0 1,327
Amazonas (Brazil) 1,901 1,499 1,367 6 4 4,777
Amazonas (Colombia) 543 1,813 520 283 12 3,172
Beni & Cochabamba (Bolivia) 0 0.3 0 0 0 0.3
Loreto (Peru) 49 190 45 3 4 291
Madre de Dios (Peru) 0 5 2 3 1 11
Maranh&o (Brazil) 115 2 14 0 0 131
Mato Grosso (Brazil) 0 0 12 0 0 12
Para (Brazil) 15,972 5,823 1,238 10 0.4 23,042
Rondbnia (Brazil) 44 167 45 1 0 256
Roraima (Brazil) 20 32 0 0 52
Tocantins (Brazil) 4 47 0 0 51
Ucayali (Peru) 24 345 79 0 0 448
Total 18,976 10,671 3,834 306 22 33,809

Table S3- Number of goliath catfishes sampled by regions, fishing gear and subadult and adult categories.

Species Region Gear SubAdult | Adult Total
. Western | Gillnet | 3 574 577
B. juruense - 613
Central Gillnet | 35 1 36
Western | Gillnet 3,022 3,027
B. platynemum - 3,635
Central Gillnet 601 608
Western | Gillnet | 0 5,496 5,496
Central Gillnet | 224 8,794 9,018
B. rousseauxii Eastern Gillnet | 595 1,395 1,990 55,171
Estuary | Gillnet | 12,058 4,019 16,077
Estuary Trawl 21,446 1,144 22,590
Central Seine 257 164 421
. . Eastern Gillnet | 498 1,718 2,216
B. vaillantii - 265,817
Estuary | Gillnet | 12,220 28,303 | 40,523
Estuary Trawl 201,316 21,341 | 222,657
Total 248,664 76,572 | 325,236
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Table S4- The annual catch of B. vaillantii (tons) by the trawler fishing fleet and the corresponding
relative rate of catch increase (RRCI), catch increase smoothed RRCI (RRCI’) and the averaged previous
catches (Cav). The F/Fusy indices were estimated considering the average of the three estimates of
natural mortality: Fp (Pauly method), Fr (Taylor method) and Fc (Cubillos method).

Year Catch RRCI RRCI Cav Fe/Fmsy Fr/Fumsy Fc/Fumsy F/Fmsy
1972 | 5,440

1973 | 8,559

1974 | 13,930 0.990 0.804 9,310

1975 | 15,070 0.619 0.623 12,520

1976 | 15,767 0.259 0.462 14,922

1977 | 22,486 0.507 0.249 17,774

1978 | 17,446 -0.018 | 0.127 18,566 10.790 11.246 11.087 11.041
1979 | 16,576 -0.107 | -0.127 18,836 3.557 4.013 3.854 3.808
1980 | 14,004 -0.257 | -0.173 16,009 2.390 2.846 2.687 2.641
1981 | 13,5625 -0.155 | -0.110 14,702

1982 | 15,915 0.083 0.055 14,482 3.090 3.546 3.387 3.341
1983 | 17,908 0.237 0.019 15,783 2.557 3.013 2.854 2.808
1984 | 11,637 -0.263 | -0.055 15,153 3.557 4.013 3.854 3.808
1985 | 13,066 -0.138 | -0.062 14,204 3.290 3.746 3.587 3.541
1986 | 17,254 0.215 0.067 13,986

1987 | 15,728 0.125 0.049 15,349

1988 | 12,404 -0.192 | -0.069 15,129

1989 12,998 -0.141 | -0.184 13,710

1990 | 10,685 -0.221 | -0.189 12,029

1991 | 9,574 -0.204 | -0.286 11,086

1992 | 6,299 -0.432 | -0.173 8,853

1993 | 9,875 0.115 -0.071 8,583 4.890 5.346 5.187 5.141
1994 | 9,458 0.102 0.107 8,544 1.223 1.679 1.520 1.474
1995 | 9,432 0.104 0.098 9,588 1.657 2.113 1.954 1.908
1996 | 10,419 0.087 0.240 9,770 0.490 0.946 0.787 0.741
1997 | 14,935 0.529 0.267 11,595 0.790 1.246 1.087 1.041
1998 | 13,740 0.185 0.217 13,031

1999 | 12,197 -0.064 | -0.084 13,624

2000 | 8,537 -0.373 | -0.185 11,491

2001 | 10,142 -0.117 | -0.128 10,292

2002 | 11,378 0.105 0.105 10,019

2003 | 13,304 0.328 0.102 11,608

2004 | 10,142 -0.126 | 0.033 11,608

2005 | 10,413 -0.103 | 0.075 11,286

2006 | 16,420 0.455 0.176 12,325

2007

2008 3.023 3.479 3.320 3.274
2009 1.990 2.446 2.287 2.241
2010 1.757 2.213 2.054 2.008
2011 2.090 2.546 2.387 2.341
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Abstract

In this study, we integrated multiple sets of data including catch, an index of
abundance, length composition and biological information to assess the status of
piramutaba in the Amazon estuary. The data was from landings (1971 to 2007), CPUE
(1975 to 1996), and length composition (1982-1985 and 1993-1997). Most of the
parameters were fixed except virgin recruits (Ro), the extra standard deviation for Q, and
the six parameters of a double-normal selectivity function. The current stock status was
forecasted until 2019, and we tested the sensitivity of the model to steepness (h) and
Sigma-R (or). The CPUE shows a clear decrease during 1977 to 1992, but increasing in
the last five years of the time series. Most of the individuals (selectivity at 50%) was
estimated to be around 40 cm and the fit to the length-composition data was good overall.
Total Biomass in 2007 was at the lowest historical level (179,445 metric tons) and
Spawning Biomass too, however there are a high uncertainty in the assessment results.
Even with F/Fmsy showing that fishing mortality was above Fusy in some years but it did
not cause Biomass (B) and Spawning Biomass (SSB) to drop below Busy. The Kobe plot
trajectories shows that fishery in 2007 was near of an overfished status. It was not until a
couple of years later of the implementation of the protected area in 1976 that the fishing
mortality of piramutaba was slightly reduced and it was a reduce a little bit more after the
implementation of mesh size limits in 1983. After 1985, F/Fmsy showed and gradually
increase and any apparently effect on F can be seen after the implementation of the closed
season in 2002. Monitoring and data collection programs are crucial in order to reduce

the uncertainty an improve the assessment for this species.

Key Words

Piramutaba, trawl fishery, Amazon river, fisheries management
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Introduction

Brachyplatystoma vaillantii, commonly known in Brazil as piramutaba, belongs to
the goliath catfish group. It is a long-distance migratory species widely distributed in the
Amazon and Orinoco basins and in coastal rivers of the Guianas (1-3). Piramutaba is a
relatively long-lived fish (maximum longevity = 22 years) (4) and forms a large regional
panmictic population in the Amazon Basin (5, 6). Piramutaba migrates from the estuary
where nurseries are located to the western Amazon where spawning occurs at river
channels (7, 8).

Piramutaba is intensively exploited in Brazil, Colombia and Peru (9-12). In Brazil,
most of the catches (~80%) come from the industrial fishing fleet that uses bottom pair-
trawls at the mouth if the Amazon river (11, 13). There is also a small-scale artisanal
fishery along the river and its muddy tributaries that account for the rest of the catch. The
Amazon industrial fleet has been operating since the early 1970s where piramutaba is the
main target specie (14-17). The catch of the bottom pair-trawler fishing fleet reached its
maximum (22,486 tons) in 1977, only five years after it started. In 1992, the catch
decreased to its historically lowest level (6,299 tons) (13, 18). B. vaillantii represented
the third most important fish exported from Brazil in 1986 and 1987 (11), but due to the
decreased in catches, exportations critically dropped. The industrial bottom trawl fishery
was considered the main responsible for this overexploitation since it operates at the
nursery area of the stock (11, 13). The piramutaba industrial fishery in the Amazon
estuary faced different management stages since the 70s. It started with the
implementation of a protected area in 1974 (19, 20), restriction on the number of boats
and a minimum mesh size at the cod-end in 1983, a fishing seasonal closure in 2002 (21),

and a vessel monitoring system (VMS) in 2006 to avoid illegal fishing in protected areas
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(22). All these management measures are still in place in Brazil however, their effect or
performance have been not evaluated.

Fishing mortality estimates, based on length-frequency data, and surplus production
models based on catch and effort data, have been previously used to assess the piramutaba
stock in the same region (4, 13, 18, 23). All studies suggested that, at the time, the stock
was undergoing overfishing. However, all these data have never been combined into one
integrated stock assessment model.

Integrated fishery analysis combines several sources of information into a single
analysis (i.e. catch, length and/or age data, indices of abundance, among others). The
integrate assessment platform most commonly use today in the US is Stock Synthesis -
SS (24). SSis a statistical age-structured population-modeling framework highly scalable
from data-weak situations (24) and it can flexibly incorporate multiple data sources
accounting for different biological and environmental processes. In this study, we
integrated multiple sets of data including catch, an index of abundance, length
composition and biological information to assess the status of piramutaba in the Amazon
estuary. We also discussed the possible effect of management interventions on the time

series of fishing mortality and biomass estimated from the assessment.

Methods

Study Area

The industrial trawl fishery targeting piramutaba operates on the shallow freshwater
areas over the fluvial mud deposit on the Amazon River mouth, at the Northern Coast of
Brazil (14, 23, 25-27) (Fig. 1). This region is considered one of the most productivity

areas of the Brazilian continental shelf, due to the important input of sediments and
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107  nutrients from the Amazon River, and one of the largest fisheries productions in Brazil

108 (28, 29).
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109
110 Figure 1. Mouth of the Amazon river where the industrial piramutaba fishery
111 operates, including the two restricted areas for fisheries management.
112
113 Data
114 Piramutaba landings from the industrial trawl fishery targeting piramutaba and

115  multispecies artisanal fleet in the Amazon region from 1971 to 2007 were obtained from
116 the statistical yearbooks from the Brazilian agency responsible for fisheries management
117  in Brazil (13, 30) (Fig. 2). After 2007, the data collection responsibilities were transferred
118  to SEAP/PR (Special Secretariat for Aquaculture and Fisheries from the Presidency of
119  the Republic) created in 2003. This institution evolved into the Fisheries and Aquaculture
120  Ministry (MPA) in 2009, when methodological changes were discussed to improve the
121 older system. This led to a break in the data collection process and catch statistics have

122 not yet become standardized nor implemented nation-wide.
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The period of 1976 to 1980 corresponded to the first expansion of the piramutaba

trawl fishery in the estuary. From 1982 to 1985 the export market started consuming

smaller size and there was an increase in the number of fishing boats (13). The last period

from 1997 to 2007, corresponded to the expansion of the fishery after the historic lowest

catch in 1992 (Prestes et al, in prep.) (Fig. 2). The catch per unit of effort (CPUE, tons by

fishing day) by year and from 1975 to 1996 (13), presents a similar trend as the catch for

the period they overlapped (Fig. 2).
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Figure 2. Total landings and CPUE of the industrial piramutaba trawl fishery by year at

the Amazon river mouth.

Length composition (fork length) data from the catch were taken from the trawl and

artisanal fishery by different agencies along the exploitation period: 1979 to 1980 by the

Superintendéncia do Desenvolvimento da Pesca (SUDEPE); 1982 to 1985 and 1993 to

1997 by the Museum Paraense Emilio Goeldi (MPEG). These data were compiled into

one length composition database using 5 cm length bins with a range from 7 to 122 cm

(Fig. 3).
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Figure 3. Length composition data for the years when data was available from the

industrial trawl fishery of piramutaba at the mouth of the Amazon estuary. The length

bin was 5 cm.

Assessment model specifications

Piramutaba was assessed using Stock Synthesis (SS) program version 3.30.13 (24),
an integrated age-structured population dynamics model that can incorporate a diversity
of fishery and survey data. We included landings from 1971 to 2007, CPUE from 1975
to 1996, and length composition data from the periods 1982-1985 and 1993-1997. The
population in 1971 was assumed to be in the unfished state since the fishery started that
year.

Only one area was considered in the assessment with no time-block variability in any

parameter. In addition, one sex model was implemented since no information by sex
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exists for this fishery. All biological and fishery parameters considered are specified in
Table 1. Q was calculated analytically with a low standard deviation (SD=0.1), and an
extra parameter for deviations of Q was included and estimated. Since there is no
information around variability in the CPUE index a standard deviation of 0.1 was
arbitrary selected. The recruitment deviations started in 1975, this year was adjusted by
checking the recruitment deviations variance, finishing in 1992, and was fixed in 0.5 to
be slightly greater than the root-mean-squared error (RMSE) of the main era recruitment
deviations. The bias adjustment ramp was used. According to (31), this bias adjustment
method corrects the recruitment estimates to be mean unbiased penalizing the likelihood
method including a time varying correction.

Sample sizes for the length-frequency data were equally weighted by year. Also, we
assigned a final weight to the overall length composition data using the weighting method
described by (32). The variance adjustment on length-composition was set to 0.005 as
suggested by this method.

Most of the parameters were fixed except virgin recruits (Ro), the extra standard
deviation for Q, and the six parameters of a double-normal selectivity function (33). A
total of three phases were used for sequential optimization, Ro was estimated in phase 1,
three parameters from the double-normal selectivity and the extra standard deviation for
Q were estimated in phase 2, and the other three parameters from the selectivity curve in
phase 3.

Since the assessment model goes up to 2007, to estimate the current stock status as in
2019, we projected the population up to this year assuming an annual catch equal to the

average from the last five years of the catch data available (10.055 t).

Sensitivity analysis
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We tested the sensitivity of our model to different parameters misspecifications, in
particular to steepness (h) and recruitment deviations, (SigmaR - @r). These parameters
were fixed in the model ranging from 0.5 to 1 for steepness (h) and from 0.4 to 0.8 for
SigmaR. High value of steepness indicates maximum recruitment possible is reached at
relatively small spawning stock sizes and small value attributed to Sigma-R reduces the
fitness of the catch rate time series (34). We also performed a different model run
assuming time-varying selectivity with blocks from 1971-1983 and 1983-2007 since there
was an implementation of a minimum mesh size in 1983 (see S1 Fig.). Table 1 presents
the SS model input parameters for the piramutaba bottom trawl available in the literature.
However, the value of h, Catch coefficient of variation (CV) and SigmaR were not
previously estimated, considering is the first time of estimative those metrics for that
species or group. Based on the supposed high fecundity and multiple annual spawning
behavior of the specie (1, 8) we considered the steepness (h) value relatively high (0.7).
For the other side, we considered a middle value for the Sigma-R (0.5) based on the great
unpredictability of the piramutaba spawning due to piramutaba spawners are spatially
scattered in different headwaters of the Western Amazon, under low fishing pression and
different hydrological conditions that determines the spawning event (8, 11, 35, 36).
Catch coefficient of variation (CV) was considered 0.01, the uncertainty of the outputs
do not change with the range of the CV, so, we adopted this value. We assume these
parameters fixed and constant over time considering the lack of data about reproductive
of these species in the Amazon region. Model outputs, in particular relative spawning

stock biomass estimations (SSB), were sensitive to different Sigma-R (or) values (S1

Fig.).
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Results

Predicted CPUE values are under the range of the specified confidence intervals and
follows similar trends as the observed values (Fig. 4A). The CPUE shows a clear decrease
through time from around 8.5 mt per day at sea in 1977 to 7.0 mt per day at sea in 1992,
but increasing in the last five years of the time series.

The estimated dome shape selectivity curve shows that large individuals, above 75
cm, are not present in the catch (Fig. 4B). Most of the individuals (selectivity at 50%) was
estimated to be around 40 cm. The fit to the length-composition data was good overall
(Fig. 4C), except for 1979, where the model predicted larger fish in the catch than the

observed (Fig. 4D).
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Figure 4. Stock Synthesis model fits to the observed data for the piramutaba bottom trawl
fishery at the mouth of the Amazon estuary. A) log observed CPUE index (white circles)
and model fit (blue line), dark thin lines indicate 95% uncertainty interval around the
CPUE value. Thicker lines indicate input uncertainty before addition of estimated
additional uncertainty parameter. B) Estimated selectivity curve. C) Overall observed
length distribution and model fit (green line) aggregated across time. D) Observed length

composition and model feet (green line) by year.

The estimated virgin biomass (Bo) in 1970 was 417,419 metric tons and total
biomass (B) showed a constant decline over time until the 2000s where it stabilized with
a slightly increasing in the last few years (Fig. 5A). Notice the extremely large confidence
intervals around spawning biomass estimates, which is associated to the high uncertainty
in the assessment results (Fig. 5B). Total Biomass in 2007 was at the lowest historical
level (417,419 metric tons in 1971 and 179,445 metric tons in 2007, around 57% of
depletion) and Spawning Biomass has the same trend (197,446 metric tons in 1970 and
63,497.6 metric tons in 2007, around 70% of depletion). The recruitment deviations
ranged from - 0.6 to 0.8 presenting mostly positive deviations before 1981, and negative
deviations after this year (Fig. 5B). Fishing mortality (F), estimated as the sum of all the
apical Fs, increased through time reaching the estimated Fmsy value of 0.23 in 1973. After
2007, it started to decrease and stay around Fmsy in the last years (Fig. 5C). This is

reflected in the trends of biomass in Fig. 5A.
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Figure 5. Stock Synthesis model output for the piramutaba bottom trawl fishery at the
mouth of the Amazon estuary. A: Estimated stock biomass (B). B: Estimated Spawning
biomass (SSB) with ~95% of asymptotic intervals. C: Estimated recruitment deviations
(black points are the years utilized in recruitment deviations estimation and blue points
are forecast years). D: Fishing mortality (F) sum along years of Frates with ~95% of

asymptotic intervals.

A summary of the Piramutaba stock assessment model outputs is presented in
Table 2. The time series of B/Busy and SSB/SSBwmsy show that the Biomass and
Spawning biomass was above the Bmsy and SSBwusy, even F/Fmsy (Fig. 6A) show that
fishing mortality was above Fmsy in some years but it did not cause B and SSB to drop
below Bmsy (Fig. 6B). The B. vaillantii stock have clearly experienced a large decline in
biomass and spawning biomass, however, if catch assumptions are correct (i.e. catch from

2008 up to today is constant and average around the last 5 years of catch available) the
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stock is showing a slightly increase in biomass and spawning biomass. The current
B/Bmsy and SSB/SSBwsy forecasted in 2019 is 1.72 and 1.27 respectively, and the F/Fumsy
is 0.79 indicating that this stock is not overfished, and it is fished at sustainable levels
(Fig. 6C). The Kobe plot trajectories (Fig. 6C and 6D) shows that fishery had some years
in overfishing status during these almost 40 years and in 2007 was near of a overfished
status, attention for the the B/Bmsy (Fig. 6C) in 2006 was inside of overfished status.

It was not until a couple of years later of the implementation of the protected area
in 1976 that the fishing mortality of piramutaba was slightly reduced and it was a reduce
a little bit more after the implementation of mesh size limits in 1983. After 1985, F/Fmsy
showed and gradually increase and any apparently effect on F can be seen after the

implementation of the closed season in 2002 (Fig. 6B).
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Figure 6. Current fishery status of piramutaba at the Amazon Mouth River. A: biomass

(B) over the biomass that produces MSY (B/Bwmsy). B: Spawning biomass (SSB) over the

spawning biomass that produces MSY (SSB/SSBwsy). C: Fishing mortality (F) over the

fishing mortality that produces the maximum sustainable yield MSY (F/Fmsy) D: The

kobe plot F/Fmsy versus B/Bmsy from 1970 to 2019 E: The kobe plot F/Fmsy versus

SSB/SSBmsy from 1970 to 2019. The arrows represent management measures

implemented in their respective years (Barthem et al., 2015; IBAMA, 1999). 1) Closed

area in 1976; 2) limit in the number of fishing boats in 1983/ minimum mesh size

implementation in 1983 and total allowable catch in 1983; 3) restriction of a maximum

of three boats fishing together in 2002 and a fishing closed season also in 2002. C: Kobe

plot showing the trajectory of piramutaba stock status from 1970 to current 2019.
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274  Table 1. Life history, fishery and modelling parameters available in literature used for the piramutaba B. vaillantii on Stock Synthesis bottom trawl

275  fishery at the mouth of the Amazon estuary. The lower and upper bounds reported as actual bounds.

Parameter (units) Symbol Value Estimation Bounds
piramutaba Estimated External source Lower Upper
Natural mortality (year?) M 0.3 fixed Alonso & Pirker (2005) - -
Minimum age (year) Ao 0 fixed Alonso & Pirker (2005) - -
Maximum age (year) Amax 22 fixed Alonso & Pirker (2005) - -
Length at Ao used for the VVon-Bertalanffy equation(cm) Lo 17 fixed Alonso & Pirker (2005) - -
Length at Amax used for the Von-Bertalanffy equation (cm) Lo 110 fixed Alonso & Pirker (2005) - -
Growth rate (year?) K 0.13 fixed Alonso & Pirker (2005) - -
Length-weight scaling (kg - cm) o 6.10E-05 fixed Pirker (2001) - -
Allometric factor B 311 fixed Pirker (2001) - -
Maturity slope (cm) Q1 -0.25 fixed Barthem & Goulding (1997) - -
Length at 50% maturity (cm) Q2 385 fixed Barthem & Goulding (1997) - -
Virgin recruitmentment In Ro 10.86 yes 10.62 11.09
Steepness (-) h 0.7 fixed - -
Recruitment variability (-) Dr 0.5 fixed - -
length-at-50% Double normal peak selectivity (cm) S1 54.7 yes Barthem & Goulding (2007) 53.88 55.64
length Double normal top logit selectivity (-) S2 -4.99 yes -5.26 -4.71
length Double normal ascend se selectivity (-) S3 6.07 yes 5.92 6.21
length Double normal descend se selectivity (-) Sq 3.53 yes 3.14 3.91
length Double normal start logit selectivity (-) Ss -6.23 yes -7.16 -5.29
length Double normal end logit selectivity (-) Se -5.43 yes -6.32 -4.53
Catchability Inqg -3.31 yes -7 5
Extra Standard Deviation q 0.11 yes 0.071 0.149
CV of catch and CPUE index CVs 0.01/0.1 fixed - -

276
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Table 2. Estimated benchmark for the piramutaba B. vaillantii on Stock Synthesis bottom

trawl fishery at the mouth of the Amazon estuary. The lower and upper bounds reported as

actual bounds.

Parameter (units) Symbol Value estimated Bounds

piramutaba | ower  Upper
Biomass initial (mt) Bo 417,419 - -
Current Biomass (mt) B2oo7 179,445 - -
Forecasted biomass (mt) B2o19 195,979 - -
Spawning Biomass initial (mt) SSBy 198,262 146,588 249,935
Current Spawning Biomass (mt) SSB2oo7 63,498 6,132 120,862
Forecasted Spawning biomass (mt) SSB2019 67,840 0 138,556
Catch at MSY (mt) Crnsy 10,921.0 8,657.0 13,185.0
Current Fishing mortality (year-1) Fao07 0.20 0.5 0.35
Forecasted Fishing mortality (year-1) F2010 0.18 0.5 0.31
Fishing mortality at MSY (year-1) Fumsy 0.23 - -
Biomass at MSY (mt) Bmsy 113,697 - -
Spawning biomass (mt) SSBmsy 53,780 - -
Current Biomass Stock/Biomass Stock in MSY (-) B2007/Bmsy 1.58 - -
Forecasted Biomass Stock/Biomass Stock in MSY (-) B2019/Bmsy 1.72 - -
Current Spawning Biomass/Spawning Biomass in MSY (-) SSB2007/SSBmsy 1.18 - -
Forecasted Spawning Biomass/Spawning Biomass in MSY (-) SSB2019/SSBmsy 1.27 - -
Current Fishing mortality/Fishing mortality at MSY (-) F2007/Fmsy 3.44 - -
Forecasted Fishing mortality/Fishing mortality at MSY (-) F2019/Fmsy 3.20 - -
Discussion

This is the first time that B. vaillantii has been evaluated using an integrated

assessment model in the Amazon estuary. The stock seems to be currently fished at

sustainable levels. Our results are consistent with previous studies using less data that

suggested that Piramutaba was undergoing overfishing in Brazil in the past (4, 18, 23).

Integrated assessments, i.e. SS, allowed us to combine multiple data sets and explore

which one was more informative. Identifying which types of data are most informative

and needed for a particular assessment method is a critical first step in managing stocks

with data limitations (37). Even though SS is typically applied in data-rich circumstances,
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it was suitable to explore and used it in data limited situations (38) like piramutaba
fisheries in Brazil.

CPUE and catch data in the Piramutaba assessment model were more informative
than the length composition data. This could be the result of inconsistencies in size data
collection among programs or biases in the sizes sampled. Most of the large individuals
of this population are not selected in the fishery since they mainly live upstream (8).
However, this is why we down weighted these data using the Francis method. The length-
composition data for the performance of an age-structured assessment model is important,
mostly in assessment of data-limited stocks, in most of the time (37).

During the development of the final assessment model, different approximations
were tested such as time-varying selectivity and catchability (S1 Fig.), mostly because
there have been changes in selectivity and catchability through time (see S1 Fig.), (11,
14). However, the data was not informative and the results were not realistic.

The is large uncertainty in the model estimations. Ro profiles presented in the S1
Fig. showed that most of the data was not informative and except for the index of
abundance most of the other parameters presented a flat likelihood profile (S1 Fig.). A
Bayesian approach could improve the uncertainty around the model estimations (39),
however we tried to use this approach and the data was insufficient to reduce this
uncertainty.

The fisheries information available for many stocks in Brazil is currently scarce.
This is aggravated by the new Brazilian economy and political situation (40). The trawl
fisheries in the Amazon Estuary, were an exception in terms of availability of historical
catch time series. However, in 2007, these data stopped to be collected due to political

reason explained in the introduction. Starting a new data collection program again is
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crucial to reduce the uncertainty in stock status estimations as it was show here and in
order to measure the effect of management measures that are currently in place.

In S1 Fig. we showed that the assessment model was sensitive to Sigma-R.
Recruitment deviations and its magnitude can be a product of environmental influences.
Changes in production of this fishery was associated to environmental factors such as
precipitation, river discharge and oceanic salinity (23). We need to understand more how
environmental covariates influence recruitment in this population. Unfortunately, the
environmental data for this area is also scares. If available, this could also be included as
a covariate in the assessment model to explain changes in production associated to
changes in the environment.

That specie has been suffering an excessive fishing pressure since 70’s decade. In
general in a Kobe plot (Fig. 6D and 6E), typically you should see that a stock starts in the
lower right as the fishery develops, then moves into the upper left as the population
becomes overexploited, and finally, as appropriate management is applied, it cycles
around the center of the plot (41). Piramutaba has been considered overfished in the
Estuary Region since the 1990s (13, 18), however, total biomass never dropped below
sustainable levels. She apparent resilience of the B. vaillantii stock could be related to the
fact that it is widely distributed in the Amazon basin and presents an opportunistic
behavior predating on the most abundant resources in the estuary and river habitats (1,
35).

No clear effects have been seen in the time series of biomass and fishing mortality
after the implementation of different management measures. However, the combination
of all of them might be the reason of why piramutaba in the Amazon river is fished at

sustainable levels and is not undergoing overfishing. The priority for this stock today is
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to have a better monitoring and data collection program in order to reduce the uncertainty

(42) an improve the assessment for this species.
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CONSIDERACOES FINAIS

A presente tese aborda as questdes relacionadas a pesca e conservacgao dos grandes
bagres migradores na bacia amazénica, principalmente quanto a distribuicdo de tamanhos
de acordo com aspectos migratorios desse grupo, como isso reflete a producao pesqueira
por area geopolitica da bacia Amazdnica e como cada espécie do grupo dos grandes
bagres responde a diferentes intensidades de pressdo pesqueira. Esses fatores, aliados a
ameaca recente de construcdo de barragens na area oeste, proximo aos andes, area de
desova de grande parte dos grandes bagres migradores, amplia o desafio quanto a
conservacao e manejo desse grupo na bacia Amazonica.

Na parte leste, a maior preocupagdo € o ordenamento pesqueiro e medidas de
manejo aplicadas a pesca de arrasto da piramutaba que atua na foz do rio Amazonas, uma
das atividades pesqueiras mais impactantes que ocorre dentre o grupo dos grandes bagres.
Medidas de manejo vém sendo implementadas por mais de quarenta anos e, como
ferramenta norteadora na tomada de decisdo de manejo da pesca de arrasto no estuario da
bacia Amazo6nica, novas abordagens na avaliacdo de estoques da pesca foram realizadas
e traz a tona a preocupacdo com a sustentabilidade a longo prazo para essas e outras
pescarias em larga escala na Amazonia.

A presente tese deixou claro que a escassez de informacGes com baixa
periodicidade e, sem uma longa série de dados de captura para a maioria das espécies dos
grandes bagres migradores dificulta a utilizacdo de técnicas mais elaboradas, aumentando
a imprecisdo nos valores de referéncia para a tomada de decisdo no manejo. Nesse
sentido, é fundamental que a coleta de dados seja retomada, visto que a situacdo da pesca
no Brasil de forma geral ndo é boa e, é agravada pela baixa importancia da politica de
gestdo da pesca nos novos contextos econdémicos e politicos brasileiros.

A pesca de arrasto na regido do estuario, no entanto, é uma exce¢do em termos de
disponibilidade de serie historica mais longa de dados de capturas para o grupo dos
grandes bagres migradores, porém, mesmo dispondo de dados de diferentes fontes de
dados, ainda assim é necessario dar continuidade a coleta, visto que, ao longo de quase
40 anos de pescarias 0 estoque esteve varias vezes em sobrepesca de crescimento
“overfishing” considerando os valores de MSY e mortalidade por pesca. Porém no
segundo artigo, analises com foco em Biomassa e Biomassa desovante confirmaram que
a pesca esteve varias vezes em sobrepesca de crescimento, porém em 2007, quando 0s

dados deixaram de ser coletados, o estoque estava muito proximo da sobrepesca de
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recrutamento “overfished”, tipo de sobrepesca que leva a atividade pesqueira ao colapso.
Considerando o manejo aplicado a pesca de arrasto da piramutaba, B. vaillantii, ndo foi
detectada nenhuma mudanga na trajetoria de mortalidade por pesca ou biomassa total e
do estoque desovante. E, frente a fortes indicios de falta de fiscalizacdo nas normas
estabelecidas, ndo podemos afirmar se as medidas ndo funcionam ou, se nao foram de
fato implementadas.

Nesse sentido, a discussdo na implementacao e a aplicagédo de medidas de manejo
na pesca dos grandes bagres migradores deve refletir sobre todas as acdes que ja foram
tomadas no passado, sua eficiéncia e eficacia, a fiscalizacdo e, principalmente o
monitoramento dessas medidas. E, a partir dai, comecar a discutir novas medidas de
manejo como capturas totais permitidas (TAC’s), uma das influéncias mais positivas na
reconstrucdo de estoques sobrepesca no mundo. Os modelos utilizados nesta tese, desde
0 mais simples como no primeiro artigo até o mais complexo mostraram um valor de
MSY em torno de 10.000 £1 t/ano e, Fmsy = 0.23 similar ao de Alonso e Pirker, 2005 —
Fmsy = 0.30. Com esses valores disponiveis € possivel propor a¢cBes mais concretas de
manejo além de periodo de defeso e areas proibidas para pesca, mas, que ainda tem um
longo caminho de discussdo e implementacdo no Brasil, visto que sdo prejudicadas pela

falta de monitoramento e fiscalizacdo da producdo pesqueira pelas Agéncias brasileiras.



