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Resumo

O numero de usinas hidrelétricas construidas em ecossistemas amazonicos tém crescido de forma
substancial nos altimos anos. Apesar de ser considerada uma fonte de energia limpa, as usinas
hidrelétricas causam impactos negativos nos processos ecoldgicos fundamentais para a
manutengdo dos servigos ecossistémicos e conservagdo da biodiversidade. Nesse contexto, essa
tese tem como objetivo identificar e avaliar os impactos ambientais gerados pelas hidrelétricas de
Santo Antdnio e Jirau sobre a pesca e 0s ecossistemas aquaticos na bacia do rio Madeira. Para
atender este objetivo, essa tese foi estruturada em dois capitulos. No primeiro capitulo, foi
investigada a influéncia do complexo hidrelétrico do rio Madeira sobre o estoque pesqueiro local.
Este estudo testou a hipotese de que a instabilidade do pulso de inundagdo, devido a construgao
das barragens, causou uma reducao significativa nos estoques pesqueiros da bacia. Essa hipdtese
foi testada utilizados dados correspondentes ao periodo de janeiro de 2002 a setembro de 2017 de
desembarques pesqueiros da colonia de pescadores (Z-31) “Dr. Renato Pereira Gongalves”,
localizada no municipio de Humaitd, Amazonas. Os dados obtidos foram registrados diariamente
contendo: data de partida e chegada das expedi¢des, espécies capturadas e o nimero de capturas
em quilogramas (kg). Nesse estudo, foi constatada queda de 39% da produgdo média anual e 34%
da producao média mensal de pescado ap6s a constru¢ao do complexo hidrelétrico do rio Madeira.
Os resultados ainda apontam que o declinio do estoque pesqueiro registrado para a colonia de
pescadores de Humaita est4 principalmente relacionado com o aumento da média da fluviometria
do rio Madeira apds a construcao das hidrelétricas. No segundo capitulo, foram avaliados 0S
impactos gerados pelo complexo hidrelétrico do rio Madeira atraves da percepcao dos pescadores
locais (22 Homens e 6 Mulheres) e banco de dados da col6nia Z-31. As questfes levantadas neste
capitulo tém como objetivo identificar e avaliar os impactos das barragens focando em trés temas
principais: (i) a pesca local; (ii) o peixe e (iii) 0 ecossistema aquatico. Os pescadores locais foram
selecionados por meio da abordagem “snowball” para a aplicacdo de entrevistas semiestruturadas.
Todos os pescadores locais confirmaram ter percebido um declinio na produtividade da pesca apds
o0 barramento do rio Madeira. As alteracdes nos peixes também foram percebidas pelos pescadores:
exoftalmia (82%), reducéo do peso/comprimento (25%) e periodo reprodutivo irregular (14%). Em
relacdo aos impactos percebidos no rio, a mudanca no ciclo hidrolégico foi o processo mais citado
pelos entrevistados (75%). Os resultados dessa tese elucidam diversos impactos ambientais
ocasionados pelas implantac6es de usinas hidrelétricas no rio Madeira, e colocam em evidéncia o
alto risco desses empreendimentos para 0S ecossistemas aquaticos, atividades de pesca e
populacdes ribeirinhas amazénicas. A esperanca é a de que essa tese possa contribuir para prevenir,
mitigar ou mesmo compensar de modo justo impactos similares tanto em outras partes da bacia
hidrogréafica em questdo como em outras bacias situadas na regido amazonica.

Palavras-chave: Impacto ambiental, Fauna de peixes, Coldnia de pescadores, Represamentos,
Disturbios antropogénicos, Pescadores artesanais, Etnoecologia, Comunidades ribeirinhas
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Abstract

The number of dams operating in the Brazilian Amazon region has grown at an increasingly rapid
rate in recent years. Despite being considered beneficial by providing clean energy, hydroelectric
dams’ plants have negative impacts on the ecological processes that are fundamental to maintaining
ecosystem services and conserving biodiversity in the Amazon. In this context, this thesis aims to
identify and evaluate the environmental impacts generated by the Santo Antonio and Jirau dams
on the aquatic ecosystems and fisheries activity of the Madeira River basin. To fulfill this objective,
this thesis was structured in two chapters. In the first chapter, the influence of the Madeira river
hydroelectric complex on the local fishery stocks was evaluated. This study investigated the
hypothesis that the instability of the flood pulse caused by the construction of the dams has caused
a significant reduction in the fish stocks of the Madeira River. This hypothesis was tested using
fishery landings data obtained in fishing colony (Z-31) “Dr. Renato Pereira Gongalves ”, located
in the municipality of Humaita, Amazonas State, from January 2002 to September 2017. The
collected data were daily recorded at the colony and include the fishing ground (point), the date of
the beginning and the end of each fishing trip, type of fish caught and total catch (kg). This study
indicated reductions of 39% in the mean annual catch and 34% in the mean monthly catches. The
results also point out that the decline of fisheries recorded for the Humatia colony is mainly related
to the increase of the Madeira River fluviometry average after the construction of the hydroelectric
dams. In the second chapter, the impacts generated by the Madeira River hydroelectric complex
were evaluated through the perception of local fishers (22 Men and 6 Women) and the fishery
database from the Z-31 colony. This study aimed to investigate the environmental impacts
generated by the hydroelectric complex in the Madeira River based on the perceptions of local
fishers and fishery database, it focuses attention on three main points: (i) local fishery stocks; (ii)
the fish and (iii) the aquatic ecosystems. The local fishers were selected through the “snowball”
approach for the application of semi-structured interviews. All the fishers confirmed having
perceived a decline in fishery productivity following the impounding of the Madeira River.
Changes in fishes' conditions were also perceived by the local fishers, including exophthalmia
(82%), a reduction in the weight or length of the fish (25%), and irregular breeding season (14%).
Regarding impacts on the river, changes in the hydrological cycle were the process most frequently
remembered (75%). The results of this thesis elucidate several environmental impacts caused by
the implantation of hydroelectric power plants in the Madeira River and highlight the high risk of
these enterprises for aquatic ecosystems, fishing activities, and Amazonian riverside populations.
It is hoped that this thesis may help to prevent, mitigate or even fairly compensate for similar
impacts both in other parts of the concerned river basin and in other basins in the Amazon region.

Keywords: Environmental impact, Fish fauna, Fishing colony, Impoundments, Anthropogenic
disturbance, Artisanal fishers, Ethnoecology, Riverside communities
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1- INTRODUCAO GERAL
1.1- Empreendimentos hidrelétricos na Amaz6nia

Os grandes empreendimentos na regido amazonica ganharam impulso com os governos
militares na década de 1960. Nesse periodo, foi langcada a “Operagdo Amazonia”, que tinha como
finalidades a ocupacéo, criacdo de estruturas produtivas e integracdo da Amazonia legal (Costa et
al. 2017). Esse processo levou a migracdo em massa de pessoas para a regiao, seja para trabalharem
na implantacdo dos novos projetos, seja para desbravarem novas fronteiras agropecuarias (Castro
e Hébette 1989; Lima e Lozzobon 2005). As primeiras obras realizadas nesse periodo foram a
construcgdo de grandes rodovias, como por exemplo a transamazonica (BR-230), que tinham como
objetivo conectar a Amazonia legal com as outras regifes do pais (Neto e Nogueira 2017).

Ao mesmo tempo, surgiram 0s projetos para o desenvolvimento do setor energético na
regido, dos quais originaram a implantagéo das primeiras usinas hidrelétricas (UHE) na Amazonia:
Coaracy Nunes, no rio Araguari, estado do Amapa (40 MW - inaugurada em 1975) e de Curua-
una, no rio que da o mesmo nome a hidrelétrica, no estado do Pard (30 MW - inaugurada em 1977)
(Moretto et al. 2012). Essas primeiras hidrelétricas inauguradas na regido possuiam um menor
potencial de impacto, pois a soma de seus reservatorios cobre uma area menor do que 100 km?
(Junk e Mello 1990). No entanto, a situacdo mudou a partir da década de 1980, com a inauguracao
da UHE de Tucurui (8,370 MW — inaugurada em 1984) no baixo Tocantins, estado do Para, e de
Balbina (250 MW — inaugurada 1989) no rio Uatumd, estado do Amazonas, 0s quais possuem
reservatorios que ocupam uma area de 2.430 km? e 2.360 km? respetivamente (Moretto et al. 2012).

A decisdo do governo brasileiro em desenvolver o setor energético na Amazonia estava
principalmente relacionada ao fato da regido possuir um alto potencial hidrelétrico (Moretto et al.
2012), ja que € considerada a maior bacia hidrografica do mundo, cobrindo uma area de 6 milhdes
de km2 e aproximadamente 1.100 afluentes (Brasil 2019). Além disso, as primeiras hidrelétricas
construidas na regido foram planejadas em um periodo com baixo grau de disciplina do uso e
ocupacdo do espaco, principalmente por causa das leis ambientais menos exigentes (Sanchez
2016). Desde entdo, o nimero de hidrelétricas em ecossistemas amaz6nicos tem crescido de forma
acentuada (Tundisi, et al. 2014). Ao todo, a regido ja possui 154 barramentos hidrelétricos,
entretanto, esse nimero pode aumentar consideravelmente com o planejamento de 277 novos

empreendimentos para 0s proximos anos (Castello e Macedo 2016). Somente o setor energético


https://pt.wikipedia.org/wiki/Rio_Uatum%C3%A3
https://pt.wikipedia.org/wiki/Quil%C3%B3metro_quadrado
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brasileiro inclui a construgdo de seis novas UHE’s em ecossistemas amazdnicos até o ano de 2026
(Brasil 2017).

Atualmente, a construcdo de grandes empreendimentos hidrelétricos na regido amazonica
tem sido estratégica e vista como a principal solucdo para a seguranca energética dos paises que
compartilham essa bacia. Dentre estes paises, o Brasil € um dos principais dependentes da energia
hidrica, ja que aproximadamente 65% da sua energia advém de usinas hidrelétricas implantadas
nos seus gradientes fluviais (EPE 2019). De acordo com o Ministério de Minas e Energia, entre 0s
anos de 2016 e 2026, o consumo final de energia no Brasil ira crescer a taxa média de 1,9% por
ano (Brasil 2017). O répido crescimento na taxa de consumo anual de energia e o baixo
investimento em outras fontes de energia renovaveis (ex. energia eblica, solar) aumentam a pressdo
dos governantes para a ampliacdo do setor hidrelétrico na Amazénia e subestimam o0s impactos

desses empreendimentos para a regido.
1.2 - Impactos gerados por usinas hidrelétricas

Apesar de ser considerada uma fonte de energia limpa, as hidrelétricas sdo geradoras de
inimeros impactos ambientais (Pelicice et al. 2017; Figura 1). Diversos estudos confirmam ainda
prejuizos sociais, culturais, historicos, econémicos, de saude e lazer em regides que receberam
implantacéo de usinas hidrelétricas (Figura 1).

Devido a complexidade e ao grande numero de impactos gerados por barramentos
hidrelétricos, o gerenciamento de bacias hidrograficas afetadas por esses empreendimentos €
extremamente dificil. E possivel observar que a maior parte destes impactos estéo relacionados
entre si e, muitas vezes, um Unico impacto possui origens diferentes (Figura 1). Isso significa que,
na maioria das vezes, para minimizar de forma efetiva um determinado prejuizo ambiental, é
necessario atuar em varias vias distintas de impactos. Por exemplo, o barramento hidrelétrico pode
causar o declinio da pesca por diferentes vias (Figura 1): (1) bloqueio de rotas migratorias
(Anderson et al. 2018); (3) injurias e mortalidade de peixes na casa de forca (McKinstry et al.
2007); (4) mudancas no ciclo hidrologico (Santos et al. 2018); (5) alteracdes na qualidade fisico-
quimica das aguas (Junk e Mello 1990; Wera et al. 2019); e (6) mudancas na estrutura tréfica dos
novos ambientes, principalmente quanto a oferta qualitativa e quantitativa de recursos alimentares
essenciais para a produtividade das varzeas (Abelha e Goulart 2004; Hahn e Fugi 2007; Lobo et al.
2019).
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Todos esses impactos diminuem a disponibilidade de peixes no rio e consequentemente
prejudicam a subsisténcia das comunidades de pescadores locais. Nesse caso, se houvesse uma
Unica estratégia de gestdo que buscasse aumentar o fluxo de peixe entre a montante e a jusante, por
exemplo, ndo causaria de forma efetiva um aumento na disponibilidade de peixes no rio, haja vista
que a ictiofauna seria ainda afetada por outras vias de impactos (Figura 1). Caso os gestores ndo
identifiqguem todas essas vias de impacto e atuem também sobre elas, minimizar um determinado
prejuizo ao ecossistema pode ser extremamente dificil ou até mesmo impraticavel. 1sso demonstra
que a gestdo de bacias hidrogréficas afetadas por barramentos hidrelétricos é complexa, demorada
e de alto custo. A partir desta composigéo de fatores, identificar e avaliar os impactos gerados por
empreendimentos hidrelétricos na Amaz6nia se torna essencial para a gestdo dos ecossistemas

locais.

1.3 - O complexo hidrelétrico do rio Madeira

As UHE’s de Santo Antonio e Jirau constituem o Complexo Hidrelétrico do Rio Madeira,
uma das principais obras do Plano de Aceleracdo do Crescimento (PAC) dos ultimos governos
brasileiro (Brasil 2018). Inicialmente foi planejada a construcdo de uma Unica barragem na
cachoeira de Santo Ant6nio, a montante do municipio de Porto Velho, Rondénia (Brasil 1987).
Porém, a construcdo desse reservatorio causaria inundacdes em algumas regides da Bolivia, por
isso o plano foi alterado para a construcéo de duas hidrelétricas menores, também no estado de
Ronddnia: Santo Anténio e Jirau (Brasil 1987).

O processo de licenciamento ambiental para a construcao das barragens foi extremamente
controverso (Tabela 1). Muitos pesquisadores, técnicos ambientais e populares se manifestaram
contra as suas construcdes, alegando que os empreendimentos trariam diversos impactos para a
regidao amazonica (Killeen 2007; Fearnside 2014). Os principais alertas sobre esses impactos foram
feitos pelo corpo técnico do Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais
Renovaveis (IBAMA), o qual apresentou alguns pareceres recomendando um novo estudo de
impacto ambiental (EI1A) (Deberdt et al. 2007; Franco e Campos 2007; IBAMA 2007 a, b; Tabela
1). De acordo com os técnicos do IBAMA, o EIA carecia de uma série de analises de impactos
ambientais na bacia do rio Madeira. Como sinal do descontentamento do governo com a posi¢ao
da equipe técnica do oOrgdo ambiental, importantes cargos de comando do IBAMA foram

substituidos e a nova administracdo declarou como resolvida uma série de questdes pendentes e
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outorgou a licenca prévia para ambas as represas sem um novo EIA (Franco 2007; Neto 2007;
Amaral et al. 2013; Tabela 1).

Em Gltimas tentativas, os técnicos do IBAMA emitiram pareceres se opondo a aprovagao
da Licenca de Instalacdo das hidrelétricas (IBAMA 2008; IBAMA 2009; Tabela 1). Porém, tanto
os apelos populares quanto os pareceres técnicos foram sumariamente rejeitados, e a mesma pessoa
que aprovou as licencas prévias como chefe do departamento de licenciamento foi promovida a
chefe geral do IBAMA, e nessa funcdo outorgou a licenca de instalacdo para a UHE de Santo
Antbnio em agosto de 2008 (Franco 2008). Quase um ano depois, no més de julho de 2009, foi
concedida a Licenca de Instalacdo da UHE de Jirau (Franco 2009).

Apobs a emissdo da licenca de instalacdo, em setembro de 2008, a UHE de Santo Antdnio
comecou a ser construida na cachoeira de Santo Antonio, a 7 km a montante do municipio de Porto
Velho, capital do estado de Ronddnia. O seu reservatdrio de 422 km? comegou a ser enchido no
final de 2011, quando a sua primeira comporta foi fechada (SAE 2019). As suas primeiras turbinas
comegaram a operar em 30 de marco de 2012 e, em novembro de 2016, a usina foi concluida com
50 turbinas e a capacidade de 3.568 MW de poténcia instalada, sendo 2.424 MW de energia
assegurada (SAE 2019). A UHE de Jirau comecou a ser construida em 2009 a 100 km a montante
de Porto Velho, no local denominado Ilha do Padre (ESBR 2019a). O seu reservatério de 361,6 km?
comegou a ser enchido em outubro de 2012 e, quase um ano depois, em setembro de 2013, iniciou
a sua operacdo (ESBR 2019a, b). A usina foi totalmente concluida em dezembro de 2016 com 50
turbinas instaladas e capacidade de 3.750 MW de poténcia, sendo 2.184 MW assegurados (ESBR
2019a).

O complexo hidrelétrico do rio Madeira foi projetado para minimizar os impactos dos seus
barramentos sobre 0s ecossistemas locais. Para isso, foi estabelecido no seu projeto de construgéo
a implantacdo das turbinas hidrelétricas do tipo bulbo (Fearnside 2013). Essa tecnologia permitiu
a construcdo de um reservatorio menor em comparacao com as outras hidrelétricas que utilizam as
turbinas do tipo Kaplan ou Francis (ESBR 2019b). O volume reduzido de adgua nos reservatérios
resulta em um rapido tempo de substituicdo e consequentemente em uma melhor qualidade de agua
(Fearnside 2014). Essas caracteristicas foram citadas como altamente positivas, pois 0s impactos
gerados pelas barragens seriam minimos (ESBR 2019; SAE 2019). No entanto, é notorio que essa
tecnologia ndo reduz de forma expressiva 0s impactos desses empreendimentos, visto que a area

alagada é altamente significativa para a biota, assim como para uma infinidade de servicos


http://www.santoantonioenergia.com.br/wp-content/uploads/2014/10/Licenca-de-Instalacao-N-540-2008-Retificacao-Val-18-08-12.pdf
https://pt.wikipedia.org/wiki/Quil%C3%B3metro_quadrado
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ecossistémicos. Mesmo atuando com uma tecnologia que ¢ considerada “fio d'agua”, as areas de
florestas inundadas pelas hidrelétricas de Santo Antdnio e Jirau chegam a 388 km? (SAE, 2012;
ESBR, 2019), o que corresponde uma é&rea de 38.800 hectares de floresta de varzea
permanentemente inundadas. Para efeito de comparagdo, essa &rea corresponderia
aproximadamente a 36 mil campos de futebol. A inundacdo dessa area causou uma perda
instantanea de floresta de varzeas, assim como areas fundamentais para abrigo, reproducdo e
alimentacéo da biota local.

A displicéncia dos 6rgaos competentes na execucao do Estudo de Impacto Ambiental (EIA)
e seu respectivo Relatério de Impacto Ambiental (RIMA), demonstra que 0s inlmeros impactos
que esse complexo hidrelétrico poderia gerar a bacia do rio Madeira foram seriamente
subestimados. Um dos principais problemas apontados por especialista no EIA-RIMA esta
relacionado com o fato de que a area de estudo leva em consideracdo apenas o territério nacional
(Amazobnia legal) e ndo a bacia hidrografica como um todo (Tucci 2007). Isso impossibilitou
avaliar os impactos ambientais em outras regibes da bacia, como por exemplo, o processo de
sedimentacdo e formacdo de remansos no territério boliviano (Fearnside 2014). Os relatorios
também carecem de informacdes sobre a localizacdo dos povos indigenas que viviam na area
afetada, extensdo exata das areas de inundagéo, auséncia de acoes eficientes no controle da malaria,
analise dos impactos do sistema de transmissdo, entre outros (Deberdt et al. 2007; Jacob e Astrid
2009). Por fim, o local de construgcdo da UHE Jirau foi alterado para 9,2 km a jusante do ponto
originalmente estabelecido (Brasil 2008). Mesmo tendo conhecimento dessa alteracdo, o IBAMA
concedeu a licenca de Instalacdo para a UHE Jirau sem a exigéncia de um novo EIA, ignorando as
mudancas evidentes e 0s impactos que essa alteracdo poderia gerar (Brasil 2008).

E possivel ainda apontar uma displicéncia aos quesitos relacionados & pesca, pois 0s
relatorios ndo contemplam analises de banco de dados das principais coldnias de pescadores da
bacia, impossibilitando um diagnostico preciso dos possiveis impactos das hidrelétricas sobre as
atividades pesqueiras na bacia do rio Madeira. Além disso, o relatorio desconsiderou as
consequéncias do barramento para as populacGes de peixes nas regifes da Bolivia e do Peru,
tampouco demonstrou a real eficiéncia do sistema de transposicdo de Peixes das UHE’s Santo
Antonio e Jirau (Fearnside 2014). E preciso ressaltar que o sistema de transposicio de peixes para

a UHE Jirau termina em um grande recipiente de metal. Periodicamente o0s peixes deste recipiente
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sdo transportados por caminhédo e soltos @ montante da barragem. Nenhum estudo foi realizado
para avaliar a eficiéncia deste sistema de transposi¢ao para os peixes da bacia do rio Madeira.

Além disso, é necessario ressaltar que, devido a complexidade dos ecossistemas
amazOnicos, muitos dos seus processos ecoldgicos, assim como as inimeras espécies locais, ainda
ndo foram totalmente estudados. Isso significa que a construcdo de grandes empreendimentos
hidrelétricos em ecossistemas amazdnicos pode gerar impactos além daqueles que sdo previstos no
EIA. Estima-se, por exemplo, que inimeras espécies de peixes amaz6nicos poderdo ainda ser
descritas a partir do aprofundamento dos estudos taxondmicos na regido (Reis et al. 2003;
Winemiller e Willis 2011; Ohara et al. 2015). Esse € um indicativo de que inimeras espécies
endémicas na bacia do rio Madeira poderdo passar por um processo de extingdo, sem a0 menos
serem descritas.

Diante disso, espera-se que o complexo hidrelétrico da bacia rio Madeira esteja causando
graves impactos aos ecossistemas amazo6nicos, ndo so nas suas areas de influéncia no Brasil, mas
em outros paises que compdem esta bacia, como a Bolivia e Peru. Embora sejam esperados
impactos de diversas ordens, buscou-se compreender neste estudo a influéncia das barragens do rio
Madeira sobre as atividades pesqueiras, bem como no funcionamento dos ecossistemas aquaticos

da bacia.
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Figura 1 Mapa mental demonstrando os principais impactos gerados por barramentos hidrelétricos. Verde: impactos ambientais; azul: impactos sociais e/ou socioeconémicos e vermelho:

impactos socioculturais. As linhas tracejadas representam ligamentos que se cruzam.
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Tabela 1 Cronologia do processo de implantacdo e licenciamento ambiental das hidrelétricas Santo Anténio e Jirau.

Evento Amref
Ano | Data UHE Santo Antonio UHE Jirau Referencias
2001- Estudos de inventdrio realizado por Furnas Centrais Elétricas (FURNAS) e| SAE, 2019 ; ESBR,
2002 i Construtora Norberto Odebrecht (CNO) 2019 b
2002- Estudos de viabilidade (Técnica, energética, econdmica e ambiental) realizado por | SAE, 2019 ; ESBR,
2005 j FURNAS e CNO. 2019 b
2006 i Qc;edi;?rgo estudo de viabilidade e aprovagdo do EIA/RIMA para as UHE's do rio Brasil, 2013
21 de Marco Apresentacdo de um parecer contra a aprovacao da Licenca Prévia pelos técnicos Deberdt, 2007
do IBAMA (IBAMA)
30 de Marco O chefe d~o Dep_ar_tamt_anto de Li_cgnciamento, I__uiz Felippe Kunz, solicitou algumas Kunz, 2007 (IBAMA)
informacdes adicionais, mas rejeitou a necessidade de um novo EIA
12 e 23 de Apresentacdo de uma série de perguntas sobre as lacunas remanescentes no EIA Franco e Campos,
Abril pelos técnicos do IBAMA 2007, |BA|B/|A, 20074,
30 de Abril _Sub_stituigéo de cargos de co_mando dp IBAMA_, entre eles o presidente do Amaral et al. 2013
instituto, o secretério-executivo e o diretor de licenciamento
FURNAS e CNO entregaram uma resposta para as perguntas do IBAMA sobre as
2007 lacunas remanescentes no EIA. Muitas repostas ndo foram respondidas, pois de
Maio i L ) 1y L FURNAS e CNO, 2007
acordo com as empresas, 0 IBAMA estava solicitando informaces além daquelas
que corresponderiam a procedimentos normais
O novo diretor do departamento de licenciamento, Roberto Messias Franco, emitiu
Julho um parecer reafirmando a rejeicdo de um novo EIA e declarou como resolvido uma | Franco, 2007 (IBAMA)
série de questdes pendentes
Concessao da Licenca prévia para as UHE Santo Antonio e Jirau Neto, 2007 (IBAMA)
Leildo da UHE Santo Antonio.
Dezembro Consorcio vencedor: Consorcio - SAE, 2019
Madeira Energia
Técnicos do IBAMA apresenta um ix .
8d . parecer se opondo a arp))rovagéo da Lelle}o da UHE J.|rau. . IBAMA, 2008; ESBR,
e maio : ~ Consorcio vencedor: Energia
Licenca de Instalacdo da UHE Santo s ) ; 2019 b
- ustentavel do Brasil S.A.
2008 Antonio — : , : :
20 d . O diretor de Licenciamento, Roberto Messias Franco, é promovido a presidente
e maio Amaral et al. 2013
do IBAMA
Agosto Concesséo da Licenca de Instalagdo - Franco, 2008 (IBAMA)
setembro Inicio das obras - SAE, 2019
Técnicos do IBAMA apresenta um
Maio - parecer se opondo a aprovacdo da IBAMA, 2009
2009 Licenca de Instalacdo da UHE Jirau
- - Inicio das obras Brasil, 2013
junho - Concessao da Licenca de Instalagdo | Franco, 2009 (IBAMA)
julho Desvio do rio Madeira - SAE, 2019 b
2011 tembro Concesséo da Licenca de Operacéo - Tre??é%&ki()ll
Inicio do enchimento do reservatdrio Desvio do rio Madeira SAE, 22%11% ’bESBR’
julho Inicio da operacdo comercial - SAE, 2019
2012 outubro ) « Concessao da Licenca de Operagdo | Volney, 2012 (IBAMA)
* Inicio do enchimento do reservatorio ESBR, 2019 b
2013 setembro - Inicio da operacdo comercial ESBR, 2019 b
2016 - Conclusdo das obras com a 502 turbinas instaladas Santos et al. 2018
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2 - ESTRUTURA DA TESE

A partir dessa composicgédo de fatores, essa tese tem o objetivo de identificar e avaliar 0s
impactos ambientais gerados pelas hidrelétricas de Santo Antdnio e Jirau sobre a pesca e 0S
ecossistemas aquaticos da bacia do rio Madeira. Para atender esse objetivo, esta tese foi estruturada
em dois capitulos.

No primeiro capitulo sera apresentado um estudo sobre a influéncia do complexo
hidrelétrico do rio Madeira sobre os estoques pesqueiros locais. Esse estudo testou a hipdtese de
que as instabilidades do pulso de inundagdo causadas pela construgdo das barragens de Santo
Anténio e Jirau provocaram uma reducdo significativa nos estoques pesqueiros da bacia do rio
Madeira. Este capitulo contempla um extenso e continuo banco de dados de desembarque
pesqueiro, com 16 anos de dados diarios registrados a jusante das hidrelétricas. Esses dados
permitiram avaliar, de forma sistematica, 0os impactos das barragens sobre os ecossistemas
aquaticos e a atividade pesqueira local.

No segundo capitulo, foram avaliados 0s impactos gerados pelo complexo hidrelétrico do
rio Madeira através da percepc¢éo dos pescadores locais e banco de dados da colénia de pescadores
Z-31. As questdes levantadas neste capitulo tém o objetivo de identificar e avaliar os impactos das
barragens focando em trés temas principais: (i) a pesca local; (ii) o peixe e (iii) 0s ecossistemas
aquaticos. Esse estudo testou a hipdtese de que os informantes da colénia de pescadores locais
possuem uma percepcdo ampla sobre os mecanismos de impactos ambientais gerados pelo
complexo hidrelétrico do rio Madeira. Utilizar o conhecimento de pescadores locais permitiu
fornecer novos dados sobre os impactos gerados pelas hidrelétricas de Santo Antdnio e Jirau e suas
consequéncias para 0s ecossistemas aquaticos, atividades de pesca e populagdes ribeirinhas

amazonicas.
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1 | INTRODUCTION

The Madeira River basin is one of the most important ecosystems for
Amazonian fisheries (Doria, Ruffino, Hijazi & Cruz, 2012; Goulding,
1979). The high productivity of the Amazon basin generally is related
not only to it being the world’s largest hydrographic basin but also
the highly dynamic relationship between the terrestrial environment
and the aquatic ecosystem, which is a characteristic of fluvial eco-
systems located in tropical and equatorial regions (Junk, 2001). In
this region, fishing patterns and the quantity and quality of the fish
caught are determined primarily by the hydrological cycle, which
regulates the formation of shoals and the timing of their migrations
(Batista & Petrere, 2003; Junk, Bayley & Sparks, 1989).

The equilibrium between terrestrial and aquatic environments in

the Amazon basin is threatened by the construction of hydroelectric

| Ricardo M. Pinto-Coelho® | Rogério Fonseca® |

Despite being considered beneficial by providing a clean and renewable source of
energy, the construction of hydroelectric dams has extremely negative implications
for Amazonian fisheries. This study investigated the impacts of the Santo Antonio
and Jirau hydroelectric dams on the fishery stocks of the Madeira River. This investi-
gation was based on fish catch data from the Z-31 fishing colony, located in the mu-
nicipality of Humaita, in Amazonas State, Northern Brazil. Data were collected daily
and provided information on the date of return from each trip, the fish species tar-
geted, and the total catch (kg) between January 2002 and September 2017. The re-
sults indicated reductions of 39% in the mean annual catch and 34% in the mean
monthly catches. These results highlight the high price paid by local fish communities
for the development of hydroelectric power in the Amazon basin.

biodiversity, environmental impact, fish fauna, fishing colony, fluviometry, impoundments

dams. The hydroelectric potential of the region’s rivers has led to
major advance in this sector (Soito & Freitas, 2011), and 100 dams
are already in operation within the whole Amazon region, while an-
other 137 are planned or under construction in the countries that
make up this region (Lees, Peres, Fearnside, Schneider & Zuanon,
2016; Tundisi, Goldemberg, Matsumura-Tundisi & Saraiva, 2014).
Plans for the Brazilian energy sector include the expansion of the
hydroelectric potential by 6.8 GW, with 16 new dams, by 2026, with
57% of this potential being provided by dams located in the Amazon
basin (MME/EPE, 2017).

Despite being considered beneficial, by providing a clean and
renewable source of energy, hydroelectric dams provoke major
impacts on the hydrological cycle (Timpe & Kaplan, 2017), causing
longitudinal disturbances throughout the course of the river, as pre-
dicted by the Ward and Stanford (1995) serial discontinuity concept.
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One of the most obvious effects of river damming on the hydrolog-
ical cycle is the modification of the patterns of river discharge and
fluviometry (Junk & Mello, 1990; Winemiller et al., 2016). These im-
pacts may reduce the deposition of nutrients on the floodplain and
in marginal lakes (Zahar, Ghorbel & Albergel, 2008) and change the
morphological configuration of the river channel, such as the num-
ber and intensity of the erosional processes affecting the margins,
and the physical-chemical characteristics of the water (Lobato et al.,
2015).

The construction and subsequent operation of hydroelectric
dams provoke major environmental impacts (e.g., loss of habitats and
hydrological shifts), which have highly negative implications for the
fundamental ecological processes that maintain the biological diver-
sity of the system and sustain local fish stocks (Agostinho, Pelicice
& Gomes, 2008; Bunn & Arthington, 2002; Pelicice et al., 2017).
These environmental changes may interrupt fish migration routes,
modifying the abundance, composition and trophic configuration of
their communities, including an increase in the abundance of some
species; whereas the populations of other species may be greatly
reduced or even become extinct (Agostinho, Miranda, Bini, Gomes
& Thomaz, 1999).

The change from a lotic to a lentic environment also favours
the invasion of non-native species, creating a high risk of regional
colonization (Assis, Dias-Filho, Magalhaes & Brito, 2017). This type
of impact is not yet common in Amazon ecosystems. According to
Leprieur, Beauchard, Blanchet, Oberdorff and Brosse (2008), hydro-
logical alterations and biological invasions are considered the two
largest threats to aquatic native biota.

The Madeira River in northern Brazil is among the ecosystems
that have suffered from the construction of hydroelectric dams.
The Santo Anténio and Jirau dams were inaugurated on the middle
Madeira River in 2012. While these dams were planned to guaran-
tee the energy security of Brazil, their impacts on the local eco-
system and fisheries are still poorly understood, considering that
most of the commercial fish species found on the Madeira River
are migratory (Barthem et al., 2017). This is a major issue, given that
these fish are migratory (e.g., Mylossoma spp., Prochilodus nigricans
Spix and Agassiz, Semaprochilodus spp.) and large-bodied catfish
(Brachyplatystoma spp. and Pseudoplatystoma spp.) that undertake
long-distance longitudinal migrations, and are among the most
threatened by dam construction (Fearnside, 2014). Stocks of most
of the species of commercial interest may suffer major fluctuations
due to the presence of physical barriers to their migration and the
changes in the hydrological regime of the Madeira River.

Given the importance of fisheries in the Amazon region, the im-
pacts of hydroelectric dams on fish stocks may have socio-cultural
and economic implications for local communities. Fishing was prac-
ticed in the Amazon well before European colonisation, and fish is
an essential component of the diet of its riverside and indigenous
peoples (Furtado, 2006). In the present day, fish continues to be an
essential resource for human communities throughout the region
where it is a principal source of both animal protein and income
(Cerdeira, Ruffino & Isaac, 1997).

Major development projects will inevitably have some impact
on any ecosystem. However, the proliferation of hydroelectric
dams in the Amazon region and the acceleration in the construc-
tion of these plants, as is the case with Belo Monte Hydroelectric
Complex on the Xingu River (Fitzgerald et al., 2018), indicates that
their impacts on local fisheries may not only be underestimated,
but may exceed the resilience of local ecosystems. In this context,
this study investigated the influence of the hydroelectric complex
implemented recently on the Madeira River on the local fisheries,
using the database available from fisheries located downstream
from the dams. This study tested the hypothesis that the instabil-
ity of the flood pulse caused by the construction of the dams has
caused a significant reduction in the fish stocks of the Madeira

basin.

2 | METHODS

2.1 | Study area

This study was based on the database of fishery catches landed
in the municipality of Humaitd, in the south of the Brazilian state
of Amazonas, 675 km south of the state capital, Manaus. The mu-
nicipality of Humaita has an area of approximately 34,430 km?, and
around 52,000 inhabitants (IBGE, 2017).

The Madeira River is part of the Amazon basin and is the principal
tributary of the right margin of the Amazon. The headwaters of the
Madeira are located in the Bolivian Andes, and the river is formed by
the confluence of the Beni and Mamoré rivers (Goulding, Barthem &
Ferreira, 2003). The Madeira has a total length of 3,240 km, of which
1,425 km are within Brazil, where this river traverses the states of
Rondonia and then Amazonas before discharging into the Amazon
River near the town of Itacoatiara, metropolitan region of Manaus
(Costa, 1998). The mean discharge of this river is 31,200 m°/s
(Guyot, 1993). According to the Képpen classification system, local
weather belongs to group A (rainy tropical) and type Am (monsoon
rains), with a short dry period, and annual precipitation ranging from
2,250 to 2,750 mm. The mean annual temperature ranges from 24
to 26°C.

The Santo Anténio hydroelectric dam (08°48' S, 63°56’ W) is
7 km upstream from Porto Velho, capital of the Brazilian state of
Rondoénia, and 175 km from the municipality of Humaita, in the
state of Amazonas (Figure 1). The construction of this dam began in
September 2008, and the reservoir began to fill in early 2011, when
the first of the sluice gates was closed. The first turbines began to
operate on 30 March 2012, and in November 2016 the power plant
was completed with 50 turbines installed with a total production ca-
pacity of 3,568 MW. The Jirau hydroelectric dam (09°15" S, 64°38’
W) is 100 km upstream from Porto Velho and 263 km from Humaita
(Figure 1). In October 2012, the river was dammed to fill the Jirau
reservoir. The first turbine began to operate in September 2013, and
the power station was completed in December 2016 with 50 tur-
bines and a capacity of 3,750 MW.
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2.2 | Sample collection

The influence of the Santo Anténio and Jirau dams on local fishery
catches was evaluated through analysis of the productivity database
of the “Dr. Renato Pereira Gongalves” (Z-31) fishing colony, covering
the period between January 2002 and September 2017. The catches
landed by this colony are taken from 17 fishing grounds located
downstream from the dams (Figure 1). A total of 1,655 fishers are
registered as members of the Z-31 fishing colony.

Catch data were recorded daily at the colony and include the
fishing ground (point), the date of the beginning and the end of each
fishing trip, type of fish caught and total catch (kg). All commercial
catches obtained in the region are landed at the colony’s floating pier
for the collection of the catch data. River-level data were obtained
from the Humaita station of the hydrological information system

with the Agéncia Nacional de Aguas (www.hidroweb.ana. gov.br).

2.3 | Data analyses

In 2013, the floating pier of the fisher colony was removed from the
Madeira River to make way for the construction of flood preven-
tion works by the Humaita town council. This led to the suspen-
sion of data collection between January and October 2013, so the
data from 2013 were excluded from the analyses. The data on the
catches of the tambaqui, Colossoma macropomum (Cuvier), were also
excluded from the analyses because many of the specimens landed
were raised in fish farms and were thus isolated from the direct ef-
fects of the impact of damming of the Madeira.

For the analysis of the impacts of the dams on the fishery catches,
the data were divided into “Before” (prior to damming) and “After”

(post-damming) samples. As the sluices gates of the Santo Anténio

dam were closed completely in July 2011, the data for the period
between January 2002 and July 2011 were allocated to the “Before”
sample, whereas those from August 2011 to September 2017 were
allocated to the “After” sample. The sluice gates of the Jirau dam
were shut off completely in October 2012.

The trends in the fishery catches over time were evaluated
through a descriptive analysis of the catch history. Mann-Kendall
test for the detection of monotonic trends was also applied to deter-
mine the trends in fishery production during the “Before” and “After”
samples.

Analysis of variance (ANOVA) was used to verify the significance
of the variation in fishery catches among the different phases of the
hydrological cycle, and between periods (Before and After). Due to
temporal dependence of the data, ANOVA was performed with the
standardized errors of a model that included the temporal depen-
dence of the data. A serial autocorrelation test was performed with
the standardised errors and was not significant.

Impacts of fluviometric changes on fisheries were evaluated
through a descriptive analysis of the catch history. Thereafter, a lin-
ear regression analysis was run to verify the extent to which the
changes in the fluviometry (level) of the Madeira River after dam-
ming influenced fishery production. The regression was based on
the variation between the periods (before and after) in the mean
fishery harvest with the mean variation in fluviometry (river level).
The mean monthly variation in fluviometry was calculated based on:
AFI; =Fly —Flg; (I) where AFl; is the mean variation in fluviometry be-
tween periods (before and after) in each month i (from January to
December), Flai = mean fluviometry after damming of the river in
each month i, aniFlsi = mean fluviometry before damming in each
month i. The AFli values were grouped in five, 100-cm classes:
-100-0, 0-100, 100-200, 200-300 and 300-400.
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Minimum  Maximum Mean

Total annual monthly monthly monthly
Year catch (kg) catch (kg) catch (kg) catch
2002 294,355 8,851 61,239° 24,530
2003 299,300 10,728 44,163 24,942
2004 247,664 15,679 26,347 20,639
2005 248,065 14,733 29,802 20,672
2006 350,269° 11,382 56,3217 29,189*
2007 314,895 10,635 34,735 26,241
2008 247,119 11,123 28,214 20,593
2009 162,353 6,452 25,487 13,529
2010 238,995 5910 39,744 19,916
2011 407,554° 12,261 52,274° 33,9637
2012 243,165 6,346 36,139 20,264
2014 158,560 2,174° 29,094 13,213
2015 94,514° 1,607° 16,625 7,876°
2016 156,379 8,112 19,560 13,032
2017 101,054° 7,424 15,588 11,228°
Total 3,564,241 3 8 8

TABLE 1 Fishlandings at Humaita,

+Standard Amazonas state from 2002-2017

deviation (kg)
14,962
8,880
3,411
4,594
13,973
7,625
6,028
5,276
12,084
14,115
9,684
9,388
4,594
3,353
2,230

©

2“peaks” in fishery production. PLowest fishery productivity. The total for these variables (min, max,

mean, and SD) would not clearly express the results for these columns.

__Mean variation in fishery production was calculated using:
AP; =Py —Pg; (I), where AP; = mean variation in fishery production
between periods (before and after) in each month i, Pai = mean fish-
ery production after the damming of the river in each month i, and
Psi = mean fishery production before damming in each month i. The
result of mean variation in fishery production was regressed on the
classes recorded for mean variation in fluviometry. All statistical
analyses were run using the software R 2.14.1 (R Core Team 2011)
(Sokal & Rohlf, 1995).

3 | RESULTS

3.1 | Analysis of fisheries

During the study period as a whole (January 2002 to September
2017), the total fishery catch was 3,564,241 kg, with an annual
mean of 237,616 kg (Table 1). The most productive years were 2011,
the year of damming, and 2006 during the Before period. The least
productive years were recorded after damming in 2015 and 2017
(Table 1).

The highest monthly fishery production was recorded in
July 2002, and the lowest in March 2015 (Figure 2; Table 1). In
addition to 2002, peaks in the monthly catches were recorded
in April 2006 prior to damming and April 2011 during the dam-
ming period (Figure 2, Table 1). No monthly peaks were recorded
after damming. The second lowest monthly catch was recorded in
December 2014.

Mean monthly fishery productivity before damming was
22,876 kg, it declined to 15,056 kg

while after damming

80,000 - - -
Fish catch M River damming----- Mean catch
Before |After
Mean: 22,870 (15,056
Std. dev: 10,765 |10,066
60,000 4
)
(=
G
% 40,000
[&]
E -4
)
e
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FIGURE 2 Fishery production (kg) landed in the municipality

of the municipality of Humaita, Amazonas state, Brazil, between
January 2002 and September 2017. The vertical red line represents
the initial damming of the Madeira River (July 2011). Note that the
data from 2013 were not included here

(Figure 2), a decline of 34% in the mean monthly production of
fish. Considering only years with a full set of monthly records, the
mean annual fishery production was 267,001 kg prior to damming
(2002-2010) (Table 1) and 163,155 kg for the period after dam-
ming (2012-2016). This represents a 39% decline in the annual
fishery production, based on the catches landed in the municipal-
ity of Humaita.

Mann-Kendall test did not reveal any significant tendency for
any increase or decline in fishery production (Figure 3) prior to
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FIGURE 4 Linear regression of the fishery production landed in the municipality of Humaita, Amazonas state (Brazil) on the level of the

Madeira River before (a) and after (b) damming the Madeira River

damming of the river. After damming, however, a significant ten-

dency for declining production was recorded (Figure 3).

3.2 | Influence of the hydrological cycle on fisheries

A significant difference in the mean fishery production among the
different phases of the flood pulse was found both before (Figure 4a)
and after (Figure 4b) damming of the river (ANOVA: F =4.925,
N =171, df =3, p <0.001). A negative (Pearson) correlation was
found between fishery production and the river level; that is, fishery
productivity tended to be higher when the river was at its lowest
levels (Figure 4).

3.3 | Impacts of fluviometric changes on fisheries

Considerable differences were observed in the fluviometric cycle
of the Madeira River following damming (Figure 5a) when at least

1 month in a given year exceeded the maximum level recorded

historically (prior to damming) for that month. River levels also var-
ied more among years, and there was less homogeneity in the fluvio-
metric patterns following damming of the Madeira River (Figure 5a).

Comparison with the historical means indicated a pronounced
increase in the mean variation of river levels between March and
October following damming (Figure 5b, Table 2), and greater discrep-
ancies were recorded between May and August during the ebb period
when the river level falls after the annual peak. This indicates that after
damming the river level remained higher during the ebb period but
reached a lower level by November and December (Figure 5b, Table 2).
This indicates that the beginning of the flood period was characterised
by lower river levels after damming of the Madeira, although the varia-
tion levelled off in January and February as the river flooded.

The greatest variation in river levels was observed in July with
a mean value of 1,328 cm being recorded before damming and
1,661 cm afterwards (Figure 5b, Table 2). The smallest difference
was recorded in January with a mean of 1,881 cm before damming
and 1,884 cm afterwards (Figure 5b, Table 2).



SANTOS ET AL.

“Lwiey-

(a) 3.000 (b) 2,500 60,000
Before River level Catch fish
After Before 1 Before
2,000 - — After  mmmm After | 50,000
2,500 -
=)
E T 1,500 L 40,000 =
S E : -
= 2,000 - = 2
) T =
> g k=]
@ @ 1,000 - I 30,000 €
5 5 =
2 1,500 g £
4 ¥ 500 I 20,000 i
1,000 1 0 L 10,000
500 — - 500 - Lo
F EE 3 F§ L ZFE 3 R o8 B § EE 5§ 3% 322828
2 2 8 € =2 3 5 9 E @ E E 2 2 & < 5 7 2 E Z E E
§ § = 2 £ 8 ¢ 8 § 8 = 2 8 85 2 ¢
TS 2 © 3 8 T = o 3 B
0 Z 0 3 Z 0O
Month Month
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after (2014-2017) closing dams on the Madeira River (b)

A reduction in mean catches in all months was found follow-
ing damming of the Madeira River (Figure 5b, Table 2). The de-
cline in catches was most pronounced between April and July
(ebb period), which coincides with the period most affected by
the increase in the mean fluviometry of the Madeira River when
the variation exceeded 300 cm (Figure 5b, Table 2). Catches were
least affected in October, December and March when the vari-
ation in the river level did not exceed 100 cm (Table 2). Fishery
production declined most in April with a reduction of 15,414 kg (a
decrease of 57.8%) and least in October with a reduction of only
1,055 kg (4.2%).

The highest mean fishery production was recorded in July and
August (ebb period) prior to damming of the river (Figure 5b, Table 2).
Following damming, mean production was highest in September
and October in the dry season; December was the least productive
month in the period prior to damming, although February was the
least productive month following damming (Figure 5b, Table 2).

Linear regression was used to compare mean variation in river
levels (AFli) with that in fishery production (APi) between the before
and after damming periods (Table 3). A negative trend was found;
that is, the greatest losses in production were recorded in the classes
that had the greatest increase in river levels following damming of
the Madeira River (Figure 6). According to the regression, for each
100 cm increase in the mean variation of the level of the river after
damming, there was a decrease in the catch of approximately
2.864 kg of fish, a reduction of 12.5% for each increase in class
(Figure 6).

The 300-400 class had the greatest effect on the catches
(Figure 6, Table 3). By contrast, the reduction in the mean river level
(-100-0class) had the least effect on fishery production. Considering
the overall loss in fishery production (48,896 kg) recorded (Table 3),
30% was concentrated in the 300-400 class, and only 12% in the
-100-0 class. The regression indicated that, independently of any

variation in the level of the river, damming alone was responsible

for a reduction of 2,305 kg (10.1%) in the mean fishery production
(Figure 6).

4 | DISCUSSION

4.1 | Declining fisheries

Following damming of the Madeira River, mean monthly catches
landed at Humaita decreased 34%, and mean annual fishery produc-
tion declined 39%. The regression analysis revealed a tendency for
decreasing fishery production following damming. A similar decline
in fishery production has been recorded in other aquatic ecosystems
of the Amazon region impacted by hydroelectric dams. Following the
construction of Tucurui dam on the Tocantins River, Brazil, for exam-
ple, Santana, Bentesm, Homma, Oliveira and Oliveira (2014) found
that the contribution of the downstream fisheries to the total local
production decreased from 44% to 25%. Forty years after damming
of the Tocantins River, the situation remains unfavourable, and the
downstream fisheries are unable to satisfy the demand for fish of
the resident population. Hallwass, Lopes, Juras and Silvano (2013)
also reported a decrease in fish abundance and a possible local ex-
tinction of a commercial fish species (Semaprochilodus bram) after
the Tocantins River dam.

Besides the Amazon region, the impacts of hydroelectric dams on
the fish fauna and the decline of important commercial species have
also been found in other aquatic ecosystems around the world (e.g.,
Agostinho et al., 2008; Assis et al., 2017; Dugan et al., 2010; Neraas
& Spruell, 2001; Stone, 2016; Zhong & Power, 1996). For instance,
a study of the effects of the Tallowa dam on the Shoalhaven River
(south-east Australia) found a reduction in the abundance of four
species of migratory fish and possibly the extinction of another ten
species (Gehrke, Gillgian & Barwick, 2002). Other relevant studies
using modelling of future scenarios verified that the construction of a

hydroelectric dam in the Mekong River could lead to a fish production
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Class of mean variation ~ Mean fishery produc-

Variation mean do

TABLE 3 Results of equations |
(AF|,- =Fly— FIBI) and Il (AP;=P,; —Pg;)

in river level (cm) tion (kg) catch fishery (kg)
- Before After _

(AFl;=Fly—Flg) (Pg) (P, AP; Overall loss (%)
-100-0 15.556 9.843 -5.714 -12

0-100 22.846 16.432 -6.414 =il3)

100-200 27.521 16.782 -10.739 =22

200-300 27.514 16.348 -11.166 =23

300-400 30.919 16.055 -14.864 -30

Total 124.357 75.460 -48.896 -100

loss up to 4%, which is equivalent to an annual decrease of approx-
imately 25,300 t (Ziv, Baran, Nam, Rodriguez-lturbe & Levin, 2012).

The construction of hydroelectric dams in Amazonian ecosys-
tems represents a major risk for the local fish fauna, especially con-
sidering that fishery productivity in this region reflects the enormous
diversity of fish species found in the Amazon basin. Approximately
920 fish species are estimated to occur in the Madeira River basin,
around a third of all the known fish diversity of the Amazon region
(Ohara et al., 2013), which is the highest of any hydrographic basin
anywhere in the world (Queiroz et al., 2013).

The decline in catches recorded in the present study may have a
negative direct impact on the economy of the local fishing commu-
nities. In the Amazon region, fisheries play an important role in the
creation of jobs and the generation of income, as well as supplying
both national and foreign markets (Almeida, Lorenzen & McGrath,
2004). Tundisi et al. (2014) estimated that the fishery production of
the Amazon region contributes US$200 million/year to the region’s
economy and supports a workforce of 200,000 commercial fishers.
Assuming a mean price of US$3.30 per kg for the principal fish spe-
cies (e.g., C. macropomum, Cichla ocellaris, P. nigricans) exploited by
commercial fisheries in the Amazon region (Lima, Almeida, Teixeira
& Melo, 2016), the decline in the fishery production in the munic-

ipality of Humaita would represent a mean loss of approximately
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FIGURE 6 Linear regression of the mean variation in the river
level on the difference mean fishery production before and after
damming

US$342,000 of income per year. In this case, the construction of
the Santo Anténio and Jirau dams has already cost the fishers of the
Humaitd colony more than one and one half million dollars in lost
revenue. These values would be even higher if the impacts on the
secondary economic sectors related to the fisheries are considered,
such as ice factories and suppliers of fishing equipment (i.e., gill nets),
boats, outboard engines, outboard oil/fuel and provisions.

In addition to the impacts on the economic sector, the decline in
fishery resources on the Madeira River may also affect the subsistence
of local families. In the Amazon region, the per capita consumption of
fish is among the highest in the world, with an estimated mean con-
sumption of 369 g per person per day or 135 kg/year (Cerdeira et al.,
1997). On the Brazilian sector of the Madeira River alone, six major
fishing colonies at Guajara-Mirim, Porto Velho, Humaita, Manicoré,
Borba and Nova Olinda do Norte are likely to have their consumption
of fish affected (Boschio, 1992; Cardoso & Freitas, 2007; Doria et al.,
2012; Santos, 1987). In other words, the 39% reduction in the annual
supply of fish on the Madeira River observed in the present study will
not only affect the production of the region’s commercial fisheries
but will also alter the diet of the local human populations that depend
on fish for their animal protein needs.

The social impacts brought by hydroelectric development lead
to a reflection about the future of fishers who lose their livelihoods
based on fishing. The lack of income sources and food insecurity may
result in marginalisation (Kirchherr & Charles, 2016), and it could ag-
gravate social conflicts in the Amazon region. According to the World
Dams Commission (WCD, 2000), the probability of successful adap-
tation by fishing communities in the face of dam-affected ecosystem
degradation is low. This scenario may increase illegal practices as an
easier way of obtaining income, such as drug trafficking, illegal hunt-
ing, illegal logging and biopiracy. Bui and Schreinemachers (2011)
found that after the construction of the Son la hydroelectric dam in
north-eastern Vietnam, the resettled fishermen had to complement
their family income by collecting forest products, increasing pres-
sure on forest resources.

It is also important to highlight other impacts that may be gen-
erated by declining fisheries in ecosystem services that are rarely
taken into account, such as cultural and recreational services, dis-
ease control (e.g., schistosomiasis and malaria) and transport of nu-

trients, carbon and minerals (Holmlund & Hammer, 1999). Another
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worrying issue is the reduction of populations of frugivorous species
(e.g., Brycon spp., C. macropomum, Piaractus brachypomus, Triportheus
spp.), which have an important ecological function in seed dispersal
(Costa-Pereira & Galetti, 2015). The tambaqui (C. macropomum), for
example, disperses the seeds of at least 76 plant species (Correa,
Costa-Pereira, Fleming, Goulding & Anderson, 2015) and can
disperse them kilometres away from their place of origin (Anderson
et al., 2018). According to Valiente-Banuet et al. (2015), the disrup-
tion of seed dispersal mutualisms directly affects plant reproductive
success and threatens biodiversity of the forests.

Hydroelectric dams are a relatively recent feature on the
Madeira River, and the long-term effects of these dams must be
analysed systematically. However, considering the importance of
fisheries in the Amazon region, many authors have warned of the
potential impacts of dams on the local fish fauna (e.g., Anderson
et al., 2018; Cella-Ribeiro et al., 2015; Duponchelle et al., 2016).
One of the main problems discussed by the authors is related to
blockage of fish migration. According to Anderson et al. (2018),
newly built dams on the Madeira River can modify the habitat for
these species and create insurmountable barriers to their move-
ment along the river corridors. They further stated that these im-
pacts will be worsened by future climate change. Fearnside (2014)
reported that 1 year after the construction of the Santo Anténio
dam, most migratory catfish (e.g., Brachyplatystoma spp.) were no
longer seen passing through the dam’s fish ladders. The reduced
volume of water in the ladder is apparently insufficient to attract
the fish towards its entrance, and these fish instinctively follow
the river’s principal current. These reported facts are worrisome
because blocking migratory routes can affect the reproductive bi-
ology and life cycles of migratory fish species (Agostinho, Gomes,
Verissimo & Okada, 2004; Winemiller et al., 2016) and thereby
compromise the fish stock viability in the region.

This evidence indicates that the reduction in fish stocks at
Humaitd may be, at least partly, related to blocking of migratory
routes on the Madeira River. According to the linear regression, in-
dependently of any variation in the level of the river, damming alone
was responsible for a reduction of approximately 10% in the mean
fishery production. Although there are other dam impacts that may
be related to the decline of the fishing (disregarding the hydrological
changes). It is likely to affirm that part of the fall is exclusively related
to the migratory routes blocking. This conclusion is reinforced by the
majority of commercial fish species of the Madeira River being long-
distance longitudinal migrators, such as some characiformes (e.g.,
Brycon spp., Prochilodus spp. and Semaprochilodus spp.) (Araujo-Lima
& Ruffino, 2003) and siluriforms (e.g., B. rousseauxii, B. platynemum,
B. juruense and B. vaillantii) (Barthem et al., 2017). If Santo Ant6nio
and Jirau dams are reducing migration rates on the Madeira River,
as suggested by Fearnside (2014), the populations of important
species for commercial fishery production may be declining, which
would account for the observed reduction in fishery landings at the
Humaita fishing colony.

Given the ample area of dispersal of the commercial fish spe-
cies found on the Madeira River, blocking the migration routes by
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the dams may also have impacts on the fisheries in other parts of
the Amazon basin. Fearnside (2014) pointed out that the newly con-
structed dams may reduce the fishery stocks not only in Brazil, but
also in Bolivia and Peru. The spawning grounds of the goliath cat-
fishes (Brachyplatystoma spp.), for example, lie upstream from the
Santo Antonio and Jirau dams, whereas they complete their life cycle
downstream, undergoing migrations of up to 3,000 km (Barthem
et al., 2017). Given the importance of these catfish as a fishery re-
source throughout the Amazon basin, any reduction in their popula-
tions will cause social and ecological impacts far beyond the limits of
the Madeira basin (Barthem et al., 2017).

4.2 | Influence of the hydrological cycle on fisheries

The present study results indicate a seasonal pattern with productiv-
ity tending to increase as river levels decrease. This reflects the mi-
gratory behaviour of the species targeted by the region’s commercial
fisheries. During the flood, most of fish species migrate to the for-
ests to utilise flooded areas to get shelter, food and breeding oppor-
tunities (Junk, Soares & Saint-Paul, 1997). In this period, the fish are
widely dispersed and it hampers fishing efforts (Cardoso & Freitas,
2007; Doria et al., 2012; Goulding, 1979) resulting in decreases in
fishing colony landings. As the river level begins to lower (ebb), the
migratory species begin to form shoals and begin their dispersal mi-
gration (Barthem & Goulding, 2007). In this period, the fishermen
utilise the movement of the shoals to catch them. At low water, many
lakes become extremely shallow and many fish seek refuge in the re-
maining bodies of water forming major concentrations of individuals,

which facilitate their capture by local fishers (Alcantara et al., 2015).

4.3 | Impacts of fluviometric changes on fisheries

The present study results indicate that the intensity of the region’s
fisheries is primarily determined by the hydrological cycle, which regu-
lates the concentration of fish in the water (Isaac & Barthem, 1995).
Consequently, the stability of the flood pulse is fundamental to the
maintenance of fishery resources in the Amazon basin, and the re-
sults of the present study indicate that the dams on the Madeira River
have substantial impacts on the dynamics of the flood pulse on this
river. This flood pulse instability may be one of the principal factors
determining the decline in fishery catches in the region. Analysis of
the catch history indicated that the greatest decline in production was
during the periods most affected by the increase in the mean level of
the river. This result was corroborated by the linear equation analy-
sis, which identified that for each 100 cm of increase in the river level
mean after damming there was a decrease in catch of approximately
12.5% of the fishery production. This result indicates that the post-
dam hydrological changes altered the ideal conditions for fishing pro-
ductivity in the region. These changes in fishery dynamics may thus
be related to the variation in river levels between periods (Before vs
After) and may be related to two principal processes: (a) a reduction in
the concentration of fish during periods of higher river levels, which
hinders the capture of fish and limits fishery efforts (Goulding, 1979);
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and (b) a decrease in the number of fishing trips during periods of high
river level to avoid economic losses from the costs of unsuccessful
excursions.

In addition to affecting the dynamics of fishery activities, a number
of studies have shown that instability in the hydrological cycle gener-
ated by the construction of hydroelectric dams may alter the structure
and composition of the local fish communities (Agostinho, Gomes &
Zalewski, 2001; Fernandes et al., 2009; Fitzgerald et al., 2018). This
may be related to the impacts on the essential ecological processes
that guarantee the maintenance of fishery stocks. In particular,
changes in the hydrological cycle may affect the connectivity between
terrestrial and aquatic networks, which is fundamental to the mainte-
nance of biodiversity and its intrinsic evolutionary processes (Tundisi
& Matsumura-Tundisi, 2008). This is worrying because, in the coming
decades, the trend of species disappearance will be significant.

The results of the present study indicate that the increase in
river levels caused by damming of the river caused a delay in the
ebb period. In this case, the dispersal of the migratory species that
depend on falling river levels to initiate their migrations (Ribeiro &
Petrere, 1990) will also be delayed, which may reduce the possibil-
ity of their capture during this period. This indicates that the Santo
Antonio and Jirau dams may alter the periods of migration and
spawning of the fish of the Madeira River. Dams may influence the
migratory behaviour of fish by interrupting essential hydrological
signals, which the species have responded to systematically over
periods of many thousands of years (Anderson et al., 2018). This
may account for monthly peak fishery catches shifting from July/
August, in the ebb period, to September/October (low water) after
damming and indicates a delay of 2 months in the migration of the
fish of the Madeira River. This would also account for the reduced
loss of productivity in October, with catches being sustained by

late migrations.

5 | CONCLUSIONS

The results of this study indicate that the dams constructed
on the Madeira River have two distinct types of impact on the
region’s fisheries. The first type of impact is related to the di-
rect effects of the changes in the environment on the local fish
communities, such as the blocking of migratory routes. The sec-
ond type of impact is linked to the influence of environmental
changes on the dynamics of fishery activities, such as a reduc-
tion in capture success. The influence of the Santo Anténio and
Jirau dams on the decline in the fisheries of the Madeira basin
highlights the high price paid by local populations for the envi-
ronmental impacts caused by the development of the hydroelec-
tric potential of the Amazon basin. This emphasises the need for
consistent and impartial environmental management strategies
that guarantee the mitigation of these impacts or compensate
for the damage caused to the commercial fishers and the local
fish diversity.
Finally, it is recommended that:

1. The fish catch be continuously monitored through the creation
of a database of the main Madeira river fishing colonies both
upstream and downstream of the dams. These data will able
to support future evaluations of the basin’s fisheries.

2. A technological program development be established for fish re-
production in the basin to enable the repopulation of species af-
fected by hydroelectric dams.

3. Both the concessionaires responsible for the dams and the gov-
ernment agencies invest in the diversification and strengthening
of local livelihoods and repair known social problems.

4. The fisheries management be considered with greater impor-
tance in the environmental licensing processes to reduce the so-
cio-environmental impacts caused by the construction of new

hydroelectric plants.
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3 - CONSIDERACOES FINAIS

No presente estudo foram identificados diversos impactos gerados pelas hidrelétricas Santo
Antoénio e Jirau implantadas no rio Madeira. Tanto os dados de desembarque pesqueiro quanto as
entrevistas semiestruturadas evidenciaram o declinio da pesca no rio Madeira, principalmente para
as espécies amazOnicas de alto valor comercial, como o pacu (Mylossoma spp.) € 0 curimatd
(Prochilodus nigricans). E possivel concluir que as hidrelétricas estdo impactando negativamente a
pesca da bacia por duas principais vias de impactos. A primeira estd relacionada com os impactos
diretos das mudancas ambientais sobre a ictiofauna, como por exemplo, o bloqueio de rotas
migratorias que causam diversos impactos sobre a estrutura das populagdes dos peixes locais. A
segunda forma esté relacionada com as mudangas ambientais que afetam a dindmica das atividades
pesqueiras, como a alteragdo da fluviometria, que causou a reduc¢ao do sucesso de captura dos
peixes na regido. O banco de dados de desembarque pesqueiro possibilitou ainda estimar um
importante impacto econdomico para as familias de pescadores apos a implantacao das hidrelétricas
no rio Madeira. A falta de renda e a inseguranga alimentar poderdo resultar em marginalizacdo e
agravar os conflitos sociais na regido.

A percepgéo dos pescadores locais foi uma ferramenta eficaz para o fornecimento de dados
para estratégias de manejo mais efetivas dos ecossistemas impactados por barramentos
hidrelétricos na Amazénia. O complexo hidrelétrico do rio Madeira mudou 0 modo como 0s
pescadores veem e se relacionam com o rio. A percepcao dos pescadores locais sobre a atividade
pesqueira, por exemplo, ja ndo é mais relacionada com os padrdes naturais do rio Madeira, mas
com a maneira com que as hidrelétricas controlam as suas cheias. Além das mudancas sobre 0s
ecossistemas aquaticos e atividade de pesca, 0s pescadores ainda evidenciaram importantes
alteraces sobre a biologia dos peixes da bacia. E possivel afirmar que esses impactos colocam em
evidéncia o alto risco dos empreendimentos hidrelétrico para os servicos ecossistémicos (i.e
pesca), a biodiversidade local bem como para a subsisténcia das familias ribeirinhas amazonicas.

A partir desses fatores, € imprescindivel que os impactos negativos do desenvolvimento do
setor hidrelétrico sejam seriamente considerados tanto no processo de licenciamento ambiental
quanto na administracdo das atividades hidrelétricas ap0s a sua implantacdo. Para isso, é

importante o desenvolvimento de novos planos de gestdo para as bacias impactadas por
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barramentos hidrelétricos na Amazonia. Embora seja consenso de que as hidrelétricas sdo fontes
de diversos impactos ambientais, pouco foi feito para adaptar o gerenciamento ambiental dos
ecossistemas amazonicos aos novos ambientes impostos pelas hidrelétricas. Esse é um problema
notério para bacia do rio Madeira, que possui 0 mesmo plano de gestdo utilizado antes da
construcdo das hidrelétricas. Impactos sobre o periodo reprodutivo dos peixes, por exemplo,
revelam a necessidade de se reajustar o periodo de defeso dos peixes da bacia, principalmente para
as espécies de grande interesse comercial como o pacu (Mylossoma spp.), curimatd (Prochilodus
nigricans) e a sardinha (Triportheus auritus, T. angulatus). A exoftalmia nos peixes ainda
demonstra a necessidade de estudos mais aprofundados para avaliar a eficiéncia do sistema de
transposicdo das UHEs Santo Antonio e Jirau. A presenca da exoftalmia nos peixes percebidas
pelos pescadores ainda ndo havia sido registrada na bacia do rio Madeira, demonstrando assim
uma informacao essencial para futuros planos de gestdo dos estoques pesqueiros da regiéo.

Além disso, é extremamente necessario mudar o pensamento sobre a gestdo das barragens
em bacias hidrograficas brasileiras afetadas pelos empreendimentos hidrelétricos. Em
ecossistemas amazonicos barrados, a vazao dos rios poderia ser gerida pelas hidrelétricas ndo
somente visando a geracdo de energia hidrica, mas também buscando minimizar as grandes
oscilacdes interanuais e diarias da fluviometria. Embora esse tipo de gestdo possa diminuir o
rendimento energético, ela proporciona um ganho importante dos servicos ambientais.

Por ultimo, é possivel concluir que a expansdo de hidrelétricas na Amazonia podera
ampliar os impactos destes empreendimentos em toda a extensdo da bacia, os quais afetardo uma
regido de megadiversidade e causardo profundas perdas de servicos ambientais tanto para os
ecossistemas neotropicais quanto para o planeta. Além disso diversas espécies ainda ndo
descobertas pela ciéncia poderdo ser extintas nos ecossistemas aquaticos amaz6nicos. Neste
contexto, reduzir o nimero de empreendimentos hidrelétricos na Amazoénia deve ser visto como
um solido investimento econdmico, social e ecolégico para o futuro. E essencial ainda que
pesquisas sejam desenvolvidas com objetivo de minimizar os impactos negativos das hidrelétricas
nessa regido, assim como possam propor modelos alternativos e mais sustentaveis buscando o

equilibrio entre a geracdo de energia e os beneficios ecossistémicos.
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3.1 — Recomendacdes

Medidas emergenciais séo recomendadas para prevenir, mitigar ou mesmo compensar de
modo justo os impactos dos empreendimentos hidrelétricos tanto na bacia do rio Madeira como
em outras bacias situadas na regido amazonica.

1-

Monitoramento da pesca amazonica através da criacdo de um banco de dados integrado
e on-line das principais col6nias de pescadores. Esse banco de dados deve conter
informacdes de col6nias localizadas tanto na Amazonia legal, quanto em outros paises
que compartilnam a bacia. Esses dados poderdo fornecer a real extensdo dos impactos
do barramento sobre a pesca, bem como apoiar futuras avaliagdes dos estoques
pesqueiros em toda bacia amazonica;

2- Adequacao do periodo de defeso para as espécies de peixes que tiveram a reproducéo

3

afetada pelos barramentos hidrelétricos;

Estabelecimento de um programa tecnoldgico para a reproducdo e repovoamento dos
peixes afetados pelas barragens;

Fortalecimento de politicas que visem desenvolver estudos cientificos para minorar a
razdo de perda de servicos ecossistémicos em relacdo aos beneficios da geracdo de
energia hidrica;

Desenvolvimento de pesquisas tecnoldgicas que possam propor novas alternativas
sustentaveis para compor o modelo energético amazonico;

Criacdo de leis ambientais que obriguem as hidrelétricas a minimizar as grandes
oscilacBes didrias e interanuais da fluviometria do rio Madeira;

Criacgdo de programas sociais para diversificar e fortalecer 0s meios de subsisténcias
das comunidades impactadas por barramentos. Essas iniciativas sdo fundamentais para
minimizarem os problemas socioeconémicos ocasionados pelas hidrelétricas;

Desenvolvimento de uma aquicultura sustentavel nas regides mais afetadas pelas UHES
onde provavelmente os impactos observados sdo irreversiveis. Especies nativas de
interesse comercial como o pacu, curimaté e o tambaqui sdo exemplos de peixes que
poderdo compor a producdo aquicola sustentavel nas regides mais atingidas.



