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RESUMO

O barramento de rios para geragdo de eletricidade é uma das atividades mais impactantes em
sistemas aquaticos. Sdo inUmeras as consequéncias ambientais decorrentes de grandes
barragens, incluindo impactos diretos nas propriedades bioldgicas, quimicas e fisicas dos rios.
Recentemente a bacia Amazonica tem experimentado um boom de construcéo de hidrelétricas,
colocando a sua grande biodiversidade em risco. Durante seis anos foram conduzidos estudos
ictiofaunisticos no rio Madeira, trés anos antes e trés anos depois da construcdo em cascata de
duas grandes barragens (UHEs Jirau e Santo Ant6nio). Foram amostradas assembleias de peixes
dependentes da planicie de inundacéo (pelagicos) e do fundo do canal principal do rio Madeira
(bentbnicos). Para entender os efeitos dos reservatdrios em cascata minha tese foi organizada
em trés capitulos. O primeiro capitulo apresenta a relacdo peso-comprimento (RPC) de 112
espécies de peixes, representando 23 familia e cinco ordens capturadas no rio Madeira. Oito
novos registros de RPC foram apresentados para espécies amazonicas conforme informacao da
base Fish-Base. RPCs provem um registro historico de dados para os coeficientes a e b antes
do barramento do rio Madeira, permitindo comparacGes futuras dos impactos promovidos
nesses parametros populacionais. O segundo capitulo traz um artigo sobre a distribuicao
espaco-temporal de jovens dos gigantes pimelodidios do género Brachyplatystoma spp. Larvas
e juvenis estiveram presentes em baixas abundancias em todas as areas e durante todo o ciclo
hidrolégico. A presenca de larvas e jovens da espécie Brachyplatystoma rousseauxii ao longo
do canal do rio Madeira por todo o periodo hidroldgico sugere eventos de desova assincrénica nas
cabeceiras do rio Madeira. Finalmente, nGs examinamos as primeiras respostas das assembleias de
peixes, tanto peladgicos como bentbnicos, trés anos antes e trés anos depois dos barramentos. As
principais mudancas ocorreram nos atributos de riqueza, abundancia e biomassa das espécies,
sem diferencas notaveis na diversidade e equitabilidade das espécies antes e depois dos
barramentos. Observamos alteracGes imediatas na assembleia associada a planicie de
inundagéo, e foram relacionadas as mudangas ambientais locais. Ja a ictiofauna bentonica do
rio Madeira ndo apresentou alteragcdes apds os barramentos. Nosso estudo € relevante no tocante
as respostas da ictiofauna em relacdo ao tipo de reservatério fio d’agua, com impactos menos
intensos em relagdo a regides com reservatorios tradicionais.

Palavras-chave: Amazonia; agua branca; reservatorios em cascata; peixes de agua doce.
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ABSTRACT

River damming for hydropower generation is one of the most impact activities in river systems.
The environmental consequences of large dams are numerous, including direct impacts on
biological, chemical and physical properties of rivers environments. Recently the Amazon basin
are experiencing an unprecedented boom in construction of hydropower dams. Studies were
conducted at six years in the Madeira River, three years before and three years after two
reservoirs built in cascade in the largest white-water tributary of the Amazon River (Jirau and
Santo Antonio dams’). Fish assemblages depending on floodplains areas (pelagic) and bottom
main channel (benthic) were sampled with gillnets and bottom trawl net respectively. To
understand the effect of reservoirs in cascade my thesis was organized into three chapters. The
first chapter present the length—weight relationships (LWR) for 112 freshwater fish species
representing 23 families and five orders captured in the Madeira River. Eight new LWR records
are presented for Amazonian species as information for Fish-Base database. LWRs provided
historical data about a and b coefficients prior to the damming of the Madeira River, allowing
comparison of estimates to predicted future population parameters influenced by human
impacts. The second chapter brings an article about the temporal and spatial distribution of
young giants’ catfish Brachyplatystoma spp. Larvae and juveniles were present in low
abundances in all areas and during all hydrological periods. The presence of larvae and juveniles
of Brachyplatystoma rousseauxii along the channel throughout the hydrological cycle suggests
spawning regulated by asynchronous floods events in the headwaters of the Madeira River.
Finally, we examined responses from fish assemblages depending on floodplains areas (pelagic)
and bottom main channel (benthic) three years before and three years after the dams. Overall,
there were major differences in species richness, biomass and density but no significant
differences in fish diversity and evenness before and after dam construction. Differences in
pelagic fish assemblage composition into both reservoirs were noticed immediately, and linked
to the increasing in conductivity, deep, oxygen and temperature while channel bottom fish
assemblage seems to not respond immediately to the dams’ closure. Our study is especially
relevant considering responses from fish assemblages to bulb turbines face to burgeoning new
hydroelectricity development plans for rivers across Amazonia.

Keywords: Amazon; muddy-water; cascade reservoirs; freshwater fish.

Vi



SUMARIO

LRI T0] 16 107-Y 1T 8
REFERENCIAS ..ottt 13
CAPITULOD Lottt 18
Length-weight relationships of fish from Madeira River, Brazilian Amazon, before the construction

OFf NYArOPOWET PIANTS. ... ans 18
CAPITULOD 2ottt bbb 26

Temporal and spatial distribution of young Brachyplatystoma spp. (Siluriformes: Pimelodidae)
along the rapids stretch of the Madeira River (Brazil) before the construction of two

NYArOBIECIITC GAMS. ...ttt ene s 26
CAPTTULO 3ottt 36
Fish community responses after built two reservoir in cascade in the Amazon. ............ccccceeueeneen. 36
CONSIDERAGOES FINAIS........oooiieeeeeeeeeeeeeeeee e ee s ee e es st s s s s s sensensees 66
MEMORIAL DO DOUTORADO ..ottt sttt sa s stesaenasse e 68

Capitulos seguem numeracéo de acordo com a origem da publicacao.

Vil



INTRODUCAO

A vazdo das aguas representa a principal for¢a reguladora dos ecossistemas de agua doce, sendo
responsavel pela estrutura geoldgica e hidrolégica, dindmica produtiva, ciclagem de nutrientes,
distribuicéo e evolucdo da biota de rios e riachos (Poff et al., 1997). Apesar da relevancia de se
manter o fluxo das &guas livre, algumas atividades humanas tém promovido fortes
interferéncias pela construcdo de barragens em sistemas l6ticos. O barramento de rios para
geracdo de eletricidade é uma das principais atividades de impacto antropico (Gido e Matthews,
2000), alterando drasticamente a vazao das aguas em diferentes locais do mundo (V6résmarty
et al., 2004; Syvitski et al., 2005; Vorosmarty et al., 2010). E os efeitos deletérios de impedir o
fluxo natural das &guas tem orientado paises precursores no desenvolvimento desses sistemas a
recuperar rios pela retirada de barragens (O'connor et al., 2015).

Barrar um rio € um processo intenso e dramatico que resulta na criacdo de um novo
ecossistema (Baxter, 1977), com estrutura, biota e funcionamento diferenciados do sistema
natural e regidos por processos semelhantes independente do sistema (rio) impactado
(Agostinho et al., 2008). Ap6s o barramento do rio forma-se uma zona de reservatorio, resultado
da transicdo de um ambiente l6tico representado pelo rio em suas condi¢cdes naturais
subitamente transformado em ambiente Iéntico e, em alguns casos recentes em semi-léntico
(Furnas, 2005; Waters e Aggidis, 2015). A drastica modificacdo ambiental ocorre de forma
rapida e intensa, impondo novos processos que resultam na extincao local de espécies cuja parte
do ciclo de vida é interrompido, alterando a diversidade e a funcdo ecoldgica dos rios (Bunn e
Arthington, 2002; Agostinho et al., 2008).

O Brasil tem nos rios uma importante fonte de geracdo de energia elétrica, com ~80%
da energia atual proveniente de hidrelétricas (Matriz Energética Nacional 2030, 2007; Lees et
al., 2016; Prado et al., 2016). A maior parte dos barramentos ja instalados estdo concentrados
nas porgdes Sul, Sudeste e Centro-Oeste do Brasil (Agostinho et al., 2008; Mello, 2011). Na
Amazonia brasileira poucas usinas foram instaladas até a década de 90. Duas delas podem ser
consideradas de pequeno porte, sdo elas a Curua-Una, no Para, e Pareddo, no Amapa (Ferreira,
1993). Uma considerada de médio porte, a UHE Samuel no rio Jamari em Porto Velho-RO
(Santos, 1995). E duas consideradas de grande porte, a UHE Tucurui no Para, e Balbina, que
apesar de ser considerada de grande porte em funcdo da grande area alagada, possui baixa
eficiéncia de producdo energética (9,44 km2/MW:; Fearnside, 1990). No ano de 2002 foi
finalizado o enchimento do reservatdrio da Usina de Lajeado (ou Usina Hidroelétrica Luis
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Eduardo Magalh&es), inundando um trecho do alto e médio rio Tocantins (Araujo et al., 2009).
Recentemente outras grandes hidrelétricas estdo sendo construidas na Amaz6nia, Santo
Antbnio e Jirau no rio Madeira, e Belo Monte no rio Xingu. Todas com as obras em estagio
avancado e seus reservatérios ja foram estabelecidos (informacgdes disponiveis em:
http://www.santoantonioenergia.com.br/, http://www.energiasustentaveldobrasil.com.br/ e
http://norteenergiasa.com.br/site/).

No caso do rio Madeira, as peculiaridades do seu trecho encachoeirado, como a grande
vazdo das aguas e auséncia de altas quedas d’agua abruptas, exigiram especificidades para o
aproveitamento da vazdo com diferencas estruturais e técnicas hidraulicas distintas das
hidrelétricas tradicionalmente instaladas no Brasil. As hidrelétricas tradicionais possuem
modelos de turbinas que exigem alta queda d’agua, e consequentemente reservatorios de
acumulacdo com grandes extensdes (Fearnside, 1990; Ferreira, 1993; Santos, 1995). A
engenharia mecénica desenvolveu técnicas hidraulicas que foram aplicadas nos
empreendimentos do rio Madeira e Xingu, onde turbinas do tipo bulbo permitem maior
aproveitamento da vazdo a partir de quedas menos acentuadas e com areas de reservatorios
reduzidos, o que tem sido denominado de usinas a fio d’agua. Esses reservatorios ndo reservam
grandes estoques de A&gua e necessitam de pequena queda d’agua < 20m
(http://www.santoantonioenergia.com.br/pt/tecnologia). = E  importante  ressaltar  que
independentemente do tipo de turbina utilizada, do tamanho do reservat6rio ou do tempo de
permanéncia da agua sdo esperados impactos promovidos em relacdo a alteracdo do fluxo
natural do rio, além da barreira fisica da barragem que ocorrera de qualquer forma (Fearnside,
2013; 2014).

Com grande disponibilidade de recursos hidricos, a Amazénia Legal vem sendo
colocada como &rea central para solugdo energética dos paises amazoénicos. Pelo menos 191
hidrelétricas j& em funcionamento (Lees et al., 2016) e 330 planejadas ou em construcao
(Fearnside, 2016). Esses empreendimentos fazem parte de uma politica internacional. O G20
estabeleceu o uso entre US$ 60 trilhdes e US$ 70 trilhdes para novas infraestruturas até 2030,
financiados por grandes investidores como Banco Mundial, Asian Infrastructure Investment
Bank (AlIB, Asia) e Banco Nacional do Desenvolvimento (BNDS, Brasil). Em torno de 90 %
desses projetos serdo desenvolvidos nas nagdes em desenvolvimento, em regides tropicais e
subtropicais, com maiores riquezas bioldgicas e mais complexos ecossistemas (Laurance,
2016). Milhares de novas barragens fazem parte desse programa, e incluem o uso de rio
amazonicos. Financeiramente, perdas por impactos e problematicas oriundos desses novos
barramentos na AmazOnia podem ser maiores do que realmente irdo valer esses

empreendimentos (ver Fearnside, 2016).


http://www.santoantonioenergia.com.br/
http://www.santoantonioenergia.com.br/pt/tecnologia

Esses empreendimentos hidrelétricos em grandes rios da Amazonia tornaram-se
prioridade para o governo brasileiro, com projeto de uso de pelo menos 20 cursos d’agua até
meados de 2020 (Eletrobras, 1987; Matriz Energética Nacional 2030, 2007; Lees et al., 2016;
Prado et al., 2016). A construg¢do das duas UHE’s no trecho de corredeiras do rio Madeira,
Santo Antdnio na cachoeira de Santo Antonio e Jirau na corredeira Caldeirdo do Inferno (a
jusante da cachoeira Jirau) fazem parte da consolidacdo desta politica energética para regiao
Amazonica.

A extensdo territorial e hidrica da Amazonia é refletida na sua espetacular diversidade
de espécies de peixes (Reis et al., 2003; Buckup et al., 2007; Winemiller e Willis, 2011). A
ictiofauna da Amazénia ocupa uma diversidade de ambientes aquaticos, presentes tanto em
aguas claras, brancas como pretas (Sioli, 1968). Sdo conhecidas pelo menos 2,3 mil espécies de
peixes com ocorréncia para regido amazonica, e estima-se que muitas outras ainda poderao ser
descritas a partir do aprofundamento dos estudos taxonémicos na regido (Reis et al., 2003;
Buckup et al., 2007; Winemiller e Willis, 2011; Ohara et al., 2015). Mais recentemente,
assembleias de peixes que vivem associados ao fundo do canal dos grandes rios amazonicos
tem sido objeto de varios estudos que tém mostrado que muitas espécies de ocorréncia rara em
aguas rasas sao abundantes nesses ambientes mais profundos (Lopez-Rojas et al., 1984; Mago-
Leccia et al., 1985; Cox Fernandes, 1995; Lundberg et al., 1996; Cox Fernandes, 1999; Cox
Fernandes et al., 2004; Thomé-Souza e Chao, 2004; Cella-Ribeiro e Crampton, 2013; Lundberg
et al., 2013; Crampton e Cella-Ribeiro, 2013a; Crampton e Cella-Ribeiro, 2013b; 2013c;
2013d).

Essa crescente onda de novas UHEs em rios amazonicos disponibilizou um aporte
financeiro para estudos ictiofaunisticos nas areas a serem impactadas. Pesquisadores necessitam
de tempo para desenvolver atividades de coleta, identificacdo e estudos especificos para
conhecer a ictiofauna de um determinado local previamente a um impacto. Grandes esforcos
sdo empregados para compreender os padrdes e processos relacionados a ictiofauna alvo do
impacto. Contudo, o atual processo de licenciamento de empreendimentos no Brasil tem sido
historicamente definido pelo estabelecimento de uma hidrelétrica antes de implementar estudos
que reconhecam a dindmica aquética do sistema e mensurem a real perda da biodiversidade. O
descompasso entre a engenharia e 0s estudos ambientais prometem resultar em perdas
irreparaveis na escala da bacia, frente ao niUmero de empreendimento previstos para grandes
rios Amazonicos (Lees et al., 2016; Prado et al., 2016; Winemiller et al., 2016). Essa ndo é uma
problemética exclusiva do Brasil, como observado em outros grandes rio do mundo
considerados como areas prioritarias para implementacdo de UHESs (além da bacia Amazonica,

as bacias do Congo e Mekong; Winemiller et al., 2016).
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Uma limitacdo para entender as mudancas ambientais promovidas por atividades
humanas é a auséncia de informacao prévia aos impactos (Doria et al., 2014). Muitas vezes tem
sido utilizadas compila¢es incompletas de dados pretéritos, obtidos em museus bioldgicos e
outros registros historicos (Da Fonseca et al., 2002) que ndo séo suficientes para recuperar o
estado pretérito da ictiofauna e seu funcionamento do sistema antes do impactado. Nesse
sentido, rios com histdrico de dados pretéritos a um barramento sdo considerados importantes
modelos a serem estudados para o entendimento dos impactos causados por barramentos
(Winemiller et al., 2016). A possibilidade de conduzir estudos pretéritos aos impactos das
UHEs Jirau e Santo Antdnio, inserem o rio Madeira como um modelo importante a ser estudado.

Os estudos no rio Madeira foram possiveis pela parceria entre o Laboratério de
Ictiologia e Pesca da Universidade Federal de Rondonia e Instituto Nacional de Pesquisas da
Amazonia em parceira com Furnas Centrais Elétricas (2003 a 2005) e as empresas construtoras
dos empreendimentos de Jirau e Santo Antonio, dentro do escopo do Programa Basico
Ambiental: Programa de Monitoramento e Conservagédo da Ictiofauna (PBA, 2009 a 2013).
PBAs tem como objetivo principal obter informacGes necessarias para subsidiar medidas de
monitoramento para 0 manejo da ictiofauna local. A partir de minha experiéncia, pelo
envolvimento nos estudos por mais de sete anos nas diferentes fases de implantacdo dos
empreendimentos, desenvolvi meu projeto de doutoramento partindo do conhecimento de que
“O barramento de rios para formacdo de reservatorios podem alteram profundamente o
ambiente e, consequentemente, a composicao e a estrutura das assembleias de peixes”. Nesse
sentido, a hipotese cientifica a ser testada no presente estudo é Ho: 0 barramento do rio Madeira
ndo altera a ictiofauna. Nossa predicdo é de um modelo de reservatorio semiléntico que
mantém fluxo de agua continuo semelhante a algum periodo sazonal do estado natural do rio,
especialmente na calha principal resultaria em um amortecimento dos impactos observados em
reservatorios classicos, com grandes areas alagadas. Ainda, a ictiofauna responderia de maneira
distinta ao impacto em funcéo do seu habitat principal, onde peixes associados ao fundo do
canal do rio teriam maior chance de manutencdo de seu padrdo natural quando comparado as
espécies altamente dependentes da planicie alagavel.

A proposta central dessa tese é caracterizar padrbes e processos da ictiofauna em
condicBes pré e pos a construcdo das hidrelétricas no rio Madeira. O primeiro capitulo traz a
Relacdo Peso-Comprimento de espécies associadas as planicies de inundagéo do rio Madeira,
muitas com importancia para a pesca na regido. O trabalho foi publicado como contribuicdo
técnica na revista Journal of Applied Ichthyology, apresentando a relacdo peso-comprimento
de 112 espécies do rio Madeira. Entre as especies de grande importancia na pesca da regiéo,

estdo os grandes bagres migradores da familia Pimelodidae. Esses grandes bagres possuem
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ciclo de vida longo e grande importancia na pesca comercial em toda Amazonia (ex. dourada,
Brachyplatystoma rousseauxii). Estas espécies utilizam toda a extensdo da bacia amazoénica
para completar seu ciclo de vida, com reprodugdo no sopé Andino e deriva dos ovos e larvas
sentido estuario (Barthem et al., 1991; Barthem e Goulding, 1997; Garcia VVasquez et al., 2009;
Duponchelle et al., 2016). A construcdo em cascata de hidrelétricas no rio Madeira podera
comprometer seriamente a passagem desses ovos e larvas sentido estuario, prejudicando as
futuras geracdes. Especialmente por haver evidéncias de comportamento homing para uma das
espécies do género, B. rousseauxii (Duponchelle et al., 2016). Desta forma, avaliar e registrar
0 padréo de distribuicdo dessas espécies no canal do rio Madeira antes dos impactos das UHES
tornou-se primordial para comparacdes e avaliacOes futuras acerca dos impactos sofridos por
essas populacdes. O segundo capitulo apresenta um estudo de caso referente a ocorréncia de
jovens dessas espécies de grandes bagres migradores, reconhecidas como as espécies mais
afetadas pelos empreendimentos do Madeira de acordo com o Programa Basico Ambiental,
Leme (2005). O artigo analisa os padrdes espaco-temporal da distribuicdo desses jovens no
antigo trecho de corredeiras do rio Madeira, pretéritos aos impactos ocorridos com a instalagdo
das UHEs. Visando o entendimento dos impactos promovidos pelas UHES do rio Madeira, o
terceiro capitulo traz informacgdes da ictiofauna nas duas condi¢cbes estudadas, pré e pos
barramento. Neste capitulo é testada a hip6tese cientifica da tese, sendo ela Ho: 0 barramento
do rio Madeira néo altera a ictiofauna.
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Summary

Length-weight relationships (LWRs) are presented for 112
freshwater fish species representing 23 families and five
orders captured in the Madeira River, the largest white-water
river tributary of the Amazon River. The allometry coeffi-
cient (b) of the LWR (Wt = aSLP®) ranged from 2.446 to
3.856 with a median value of 3.102. Eight new LWR records
are presented for Amazonian species as information for Fish-
Base. LWRs in the present study provide historical data on «
and b coeflicients prior to the damming of the Madeira River
in November 2011, allowing comparison estimates of pre-
dicted future population parameters as influenced by human
intervention.

Introduction

Length—weight relationships (LWRs) usually translate a com-
mon relationship between variables among fish populations
as a useful tool to convert length to weight and vice versa
(Merella et al., 1997). In fisheries biology, length-weight rela-
tionships are useful in determining weight and biomass when
only length measurements are available, for indications of
condition, and to allow comparisons of species growth
between different regions (Koutrakis and Tsikliras, 2002). In
some cases, it is easier to take measurements of weight rather
than length; for example, in cephalopod species (Bello,
1991). However, in most fish and fisheries, weighing each
organism individually under field conditions is very difficult;
here, weight data can be converted to length by using the
LWR (Dias et al., 2013).

The relationship between two variables, as observed in lin-
ear regressions, may be one of functional dependence of one
on the other. That is, the magnitude of one of the variables
(the dependent variable) is assumed to be determined by —
i.e. is a function of — the magnitude of the second variable
(the dependent variable), although the reverse situation is
often not true. The slope of the regression line, the b value,
expresses quantitatively the straight-line dependence of Y on
X in the sample and the degree of dependence of Y on X

(i.e.b#0) does not necessarily mean that there is dependence
in the population (i.e.beta#0) (Zar, 1998).

An historical review shows that the intra-specific variance
of the LWR may be quite large (from YOY to very senior
specimens of a population) and that users should follow cer-
tain recommendations when using this relationship (Froese,
2006). Among the problems that may contribute to an
increase in the LWR variability, Froese (2006) noted: a nar-
row range of body lengths in the sample; use of non-random
samples; and use of one specific size gear for selection of
specimens. Genera (sexes) are a category that can potentially
result in LWR variability in the calculation: in commercial
fisheries it is not possible in most species to distinguish
females from males prior to their sale in the marketplace.
Thus, despite these recommendations, an application of the
LWR for adult fish populations (excluding YOY and imma-
ture specimens) should best fit the LWR to contribute to
fisheries evaluation. Since LWRs may vary geographically
(Sparre et al., 1989) it is often practical to make use of the
local values and highly recommended to use the LWR rela-
tionships with data collected in the same area and close to
the time of the study in order to minimize any bias in the
weight estimation (Kimmerer et al., 2005).

This paper is a contribution that complements the current
information on the biological parameters of commercial fish
in the Madeira River Basin and represents a more complete
list for this type of data on fish (commercial and non-com-
mercial species), at least on the Brazilian side of the basin.
Parameters of the length—weight relationships are reported
for 112 freshwater fish species collected during four years of
study and prior to the construction of two large power
plants: Santo Antonio and Jirau.

Growth rates and length—weight relationships have been
reported for six species in the Madeira River Basin on the
Bolivian side: Prochilodus nigricans (Loubens and Panfili,
1995), Colossoma macropomum (Loubens and Panfili, 1997),
Pseudoplatystoma  fasciatum (P. punctifer, Garcia-Davila
et al., 2013) and P. tigrinum (Loubens and Panfili, 2000), Pi-
aractus brachypomus (Loubens and Panfili, 2001), Plagioscion
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squamosissimus (Loubens, 2003), Pellona castelnaeana (Le
Guennec and Loubens, 2004); and on the Brazilian side:
Pellona castelnaeana (Ikeziri et al., 2008), Roestes molossus
(Torrente-Vilara et al., 2008), Brachyplatystoma platynemum
and Pinirampus pirinampu (Sant’Anna et al., 2014), however
a complete list of LWRs for most of the Madeira River
freshwater fish has not been reported previously.

Material and methods
Study area

The Madeira River is a major waterway in South America
(Albert et al., 2011) approximately 3250 km (2020 miles) in
length. Environmental information from the Madeira River
is available in Queiroz et al. (2013). Recently, the Santo
Antonio and Caldeirao do Inferno Falls gave way to two
large hydroelectric dams (Santo Antonio and Jirau power
plants, respectively), and flooding permanently the Teotonio
and Jirau waterfalls (Cella-Ribeiro et al., 2013).

Fish sampling

Fish fauna was sampled on 23 occasions, including the flood
and dry seasons from 2008 to 2011 before the closing of the
Santo Antonio and Jirau dams. Sampling sites were estab-
lished at the mouth of the eight main tributaries and two
varzea lakes of Madeira River in the Brazilian territory. A
set of 13 gill nets (mesh sizes from 30 to 200 mm between
opposite knots; total catch area = 480 m?) was exposed over
a 24-h period, with a specimen collection every 4 h. Fish
specimens were maintained in insulated iceboxes and trans-
ported to the laboratory at the Universidade Federal de
Rondonia in Porto Velho, Rondonia state, Brazil for mea-
suring (SL, nearest 0.1 cm standard length and Wt, 0.01
gram precision). The fish specimens were later identified to
species level, and an in-depth taxonomic revision of each spe-
cies by family was performed by specialists (Queiroz et al.,
2013). As gillnets are not efficient in catching some species of
the genus Brachyplatystoma and Pseudoplatystoma, data
from fisheries were used for those species obtained at the fish
market and artisanal fisheries in the cities of Humaita, Porto
Velho, Nova Mamoré, Guajard-Mirim, Jaci-Parand and
Abuna, and the villages of Calama, Sao Carlos, Nazaré, Sao
Sebastiao and Cachoeira do Teotonio. In the specific case of
Brachyplatystoma rousseauxii, specimens collected with gill
nets between 2012 and 2013 were added in order to find a
better coefficient of determination r* for these species. All
data were collected under the Santo Antonio Energia Fish
Conservation Program.

Data analysis

All species analyzed in this work were collected by gillnets in
the Madeira River (Queiroz et al., 2013). From 112 species,
SL and Wt pairs were plotted to identify and exclude possi-
ble outliers, represented by minor errors during laboratorial
proceedings. The LWR was calculated using the power
regression W = aL” (Haimovici and Velasco, 2000a,b), where
a is the intercept and b the slope, W the weight and L the

length. The degree of association between W and L was mea-
sured through the coefficient of determination (). The
regression coefficients ‘a’ and ‘b’ obtained for each species
were compared to those published in FishBase that were
obtained by Bayesian Hierarchical Approach (BHA) for
LWRs estimated for practically all known 32000 species of
fish (Froese et al., 2014). We tested for differences between
our estimates for Madeira River fish and the values available
in FishBase using a paired f-test. Our hypothesis is that if
the differences are random we would find estimates of ‘@’
and ‘b’ above or below those in FishBase and the #-test
would be not significant. If the differences were systematic,
the paired r-test would otherwise give significant p values.
Thus, consistent differences between the expected (in Fish-
Base) and observed values would suggest important differ-
ences for the Madeira river fish.

To evaluate the species with new records of maximum
lengths the references used were: Loubens and Panfili (1995,
2000, 2001, 2000), Loubens and Panfili (2001), Le Guennec
and Loubens (2004), Ikeziri et al. (2008), Torrente-Vilara
et al. (2008), Garcia Vasquez et al. (2009), Giarrizzo et al.
(2011, 2015), Silva et al. (2011), Vegh et al. (2014), FishBase
database (Froese and Pauly, 2015).

Results

Overall, 28 559 specimens were analyzed, and the length—
weight relationship of 112 fish species representing 23 fami-
lies and five orders are presented in Table 1. The most
diverse families were Serrasalminae (16 species), Pimelodidae
(11 species) and Curimatidae (10 species), followed by Au-
chenipteridae (nine species), Characidae and Cichlidae (eight
species each), Anostomidae (seven species), Doradidae,
Hemiodontidae and Loricariidae (six species each), Cyno-
dontidae (five species), Acestrorhynchidae (four species), Pri-
stigasteridae and Prochilodontidae (three species each),
Alestidae, Ctenoluciidae and Engraulidae (two species each).
The families Achiridae, Cetopsidae, Erythrinidae and Sciae-
nidae were represented by only one species. All regressions
were significant for all species (P < 0.001), with the coeffi-
cient of determination > ranging from 0.95 to 0.99.

The allometry coefficient () of the LWR (Wt = ¢SL”) ran-
ged from 2.446 for Squaliforma cf. emarginata to 3.856 for
Anodus orinocensis, with a mean value of 3.103. From the
112 species evaluated, eight are new to FishBase (unpub-
lished LWR), and presented here: Acestrorhynchus falcirostris
(Cuvier, 1819), Brycon melanopterus (Cope, 1872), Boulenger-
ella cuvieri (Agassiz, 1829), Hydrolycus scomberoides (Cuvier,
1816), H. sp. ‘rabo de fogo’ (undescribed species; Queiroz et
al., 2013), Oxydoras niger (Valenciennes, 1821), Brachyplatys-
toma filamentosum (Lichtenstein, 1819) and Pseudoplatystoma
punctifer (Castelnau, 1855). These values are within the
expected range of 2.0-4.0, as suggested by Le Cren (1951).
However, of the 104 species remaining, some 41 revealed ‘@’
and/or ‘b’ values beyond the FishBase range prediction (Fro-
ese et al., 2014): 28 species for the linear coefficient (a) and
24 for the angular (b) coeflicient, respectively (Table 1). The
paired r-test confirmed linear coefficient ‘a’ for Madeira
River species smaller than BHA means from FishBase for
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the 28 species (z, = 3.77, df = 27; P < 0.001); a similar result
was obtained for the a set of species (¢, = 5.49, df =103,
P > 0.05). However, the angular coefficient ‘4’ observed
beyond the BHA range in FishBase could not be considered
consistently different from the BHA mean for the 24 species
(t, = 1.64, df = 23, P < 0.05), or for the Madeira River b set
of species (#, = 1.66, df = 103, P > 0.05).

Discussion

This study provides new maximum length records for 27 spe-
cies. Colossoma macropomum is a very important commercial
fish in the Amazon. However, specimens landed at the
Madeira River fish market were from Bolivia and mixed in
with specimens from piscicultures, precluding our analysis
for this species. The best information on the C. macropomum
LWR is in Loubens and Panfili (1997), where
SLimax = 82.5cm  (a=—4258,  bh=2903, r*=0.99,
N = 864). Pseudoplatystoma tigrinum with SL;.. = 127 cm
(a=-5.201, b =3.15, =099, N= 551) in Loubens and
Panfili (2000) was neither captured in our samples nor seen
in the fish market. The LWRs calculated for Pinirampus
pirinampu (a = 0.0271, b = 2.81, SL,.x = 74 cm) and Brachy-
platystoma  platynemum (a = 0.0462, b =2.67, SLyux =
89 cm) were published in Sant’Anna et al. (2014) using data
from our samples. Most specimens captured in the Madeira
River were adults and with a few juveniles. Madeira River is
known for its schools of fish that perform yearly reproduc-
tive migrations. It is possible that these fish schools were
growing and feeding in the same downstream river area
before migrating to Madeira River each year, explaining the
absence of juveniles in our gillnets samples.

The a and b parameters of the LWRs given in FishBase
arise from a compilation of estimates from different genus or
species belonging to the same family having the same body
shape (Froese and Pauly, 2015). Indeed, 63 of 104 species
have a and b parameters in agreement with coefficient values
in FishBase; the differences observed in the coefficient values
were reported by Allard et al. (2015) in the literature for
Amazonian fish. Here, were report direct estimates of LWRs
and are confident that our means and ranges encompass all
size ranges for the adult species considered. However, our
study notes that the a values are smaller than those estimated
in FishBase, whereas the b are consistent. This suggests that
Madeira River fish have the same proportional weight incre-
ments but are thinner when compared to BHA results
(e.g. Table 1). Thin individuals, most often with empty stom-
achs and having low visceral fat deposits, may indicate a
lower quality of habitat (Torrente-Vilara et al., 2011). In
fact, a remarkable characteristic regarding Madeira River
fish is that a typical lowland migratory fish in the stretch of
rapids in our study area was represented by adult specimens
in poor condition, possibly a result of a loss in energy due to
migration.

Hydropower plants will almost certainly change ecological
patterns; at the same time, they will favor some species more
adaptable to new environmental conditions, yet will cause
disturbances in others. As such, continued observations of
the LWRs in these fish species are fundamental.
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Temporal and spatial distribution of young Brachyplatystoma spp. (Siluriformes:
Pimelodidae) along the rapids stretch of the Madeira River (Brazil) before the
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Monthly (April 2009 to May 2010) bottom-trawl sampling for Brachyplatystoma species along the
rapids stretch of the Madeira River in Brazil revealed that Brachyplatystoma rousseauxii larvae and
juveniles were present in low abundances in all areas and during all hydrological periods. The pres-
ence of larvae and juveniles throughout the hydrological cycle suggests asynchronous spawning in the
headwaters of the Madeira River.

© 2015 The Fisheries Society of the British Isles

Key words: dourada catfish; hydrological cycle; natural barriers; young-of-the-year.

The giant Pimelodid catfishes of the genus Brachyplatystoma inhabit the main channel
of large Amazonian rivers (Lundberg & Akama, 2005). These heavily exploited migra-
tory species are among the most important commercial fishes of the Amazon Basin
(Barthem & Goulding, 1997, 2007; Petrere et al., 2004). Brachyplatystoma rousseauxii
(Castelnau 1855) has an exceptional life cycle. Adults reproduce in the headwaters of
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the main turbid water rivers in the pre-Andean portion of Ecuador, Peru, Colombia and
Bolivia (Garcia-Vdsquez et al., 2009; Vam Damme et al., 2011; Agudelo et al., 2013)
and the larvae and juveniles drift thousands of km downstream to the Amazon Estuary,
where they are resident for two years and then start migrating back towards the head-
waters (Barthem & Goulding, 1997, 2007). During this migration, the fish grow and
initiate their gonadal maturation, which is completed close to the headwaters (Barthem
et al., 1991; Barthem & Goulding, 1997; Alonso, 2002; Garcia-Vasquez et al., 2009).

Brachyplatystoma spp. are considered heavily or overexploited in Brazil, Colombia
and Peru, where they are caught by driftnet and bottom longline fishing (Petrere et al.,
2004; Garcia-Vasquez et al., 2009; Agudelo et al., 2013). The upper Madeira Basin
represents the last area of the Amazon Basin where these species are considered to still
be weakly exploited (Vam Damme et al., 2011). This refuge, however, is now threat-
ened by the construction of at least two hydroelectric power plants in the Brazilian part
of the Madeira River, which might disrupt natural upstream breeding movements of
these catfishes and the downstream drifting of their larvae and juveniles.

The aim of this study was to assess the spatial and temporal variation in the natural
abundance of larvae and juveniles of Brachyplatystoma spp. along the rapids stretch
of the Madeira River prior to the construction of the reservoirs of the Jirau and Santo
Antonio power plants.

The Madeira River begins at the confluence of the Mamoré and Beni Rivers on the
border between Brazil and Bolivia. The abrupt elevation change in the transition from
the Brazilian central highlands to the Amazon lowlands results in a series of rapids,
where the steepest waterfalls are situated in a 300 km river stretch between the cities
of Guajara-Mirim and Porto Velho in the State of Rondo6nia, Brazil, where this study
was conducted (Fig. 1). This section of river includes 19 major rapids, two of which,
the Jirau and Teotonio Waterfalls, have abrupt falls (Cella-Ribeiro et al., 2013). In this
region, the river channel is between 350 and 1500 m wide, 3—33 m deep and water
velocity is up to 2-5ms~! in rapids and waterfalls. Three areas were sampled during
this study: (A) upstream Jirau Waterfall, (B) between the Jirau and Teotonio Waterfalls
and (C) downstream of the Santo Antonio Waterfall (Fig. 1). In each area, samples were
collected from five stations, resulting in a total of 15 fixed sampling stations where
fish populations were sampled monthly between April 2009 and May 2010 resulting
in 210 samples (three areas X five stations X 14 months). Sampling was conducted
using a 3 m long X 1 m wide bottom trawl that was hauled behind a boat, as described
by Lopez-Rojas et al. (1984). The net had a 5 mm mesh bag that was lined with 1 mm
mesh netting. A 10 min trawl haul was performed at each sampling station at depths
between 5 and 25 m according to the seasonal variation in the water level of the Madeira
River.

Most of the sampled Brachyplatystoma spp. larvae and juveniles were already dead
when pulled out of the water. The few individuals collected alive were euthanized with
an overdose of anaesthetic (eugenol or clove oil) and subsequently fixed in a solution
of 10% formalin. Fishes were transported to the Ichthyology and Fishing laboratory
of the Universidade Federal de Rondonia (UNIR) for sorting, identification and
measurement (standard length, Ly, mm). The developmental stage of each individual
was determined based on morphological characteristics and pigmentation, according
to Nakatani et al. (2001) and Leite et al. (2007). Voucher specimens were deposited
in the UFRO-I fish collection (Universidade Federal de Rondo6nia, Porto Velho,
Brazil).

© 2015 The Fisheries Society of the British Isles, Journal of Fish Biology 2015, 86, 1429—1437
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FIG. 1. Map of the study areas: A (@), B (A) and C (M) (-, political boundaries; \, waterfalls).

A total of 80 B. rousseauxii and 58 of other Brachyplatystoma species were col-
lected. Forty four specimens (three juveniles and 41 larvae) were too small or damaged
for species identification. The remaining 14 specimens were Brachyplatystoma fil-
amentosum (Lichtenstein 1819) (n=1), Brachyplatystoma capapretum Lundberg
& Akama 2005 (n=_8) and Brachyplatystoma platynemum Boulenger 1898 (n=35).
Juveniles were more abundant than larvae for all species in all samples. No spec-
imens (larvae or juveniles) of B. capapretum and B. filamentosum were collected
upstream of the Jirau Waterfall (area A), and no larvae or juveniles of B. platyne-
mum were observed in the samples taken between Jirau and Teotonio Waterfalls
(area B). Below the rapids stretch (area C), almost all sampled individuals were
juveniles.

© 2015 The Fisheries Society of the British Isles, Journal of Fish Biology 2015, 86, 1429-1437



1432 A. CELLA-RIBEIRO ET AL.

35 40 000

0] 35000
— e 30000 =
82 T
= 25000 &
8 20 A=)
= 20000
s 15 5
E 15000 5§
< 101 =

10000 &
51 5000
0 ~ 1,
= 2 ] = 2 5 ) 5 5 » = = = >
&§ 5 5 2z § £ £ £ £|58 £ & & =
= o) 3] 5] 5] = B =
< £, o) > Q = (5]
) =] L =
1%} Z. A
2009 2010
Months

FiG. 2. Relative abundance of each Brachyplatystoma species per sampling month, all sampling stations pooled

[(— , unidentified Brachyplatystoma spp.; , Brachyplatystoma rousseauxii; ......... , discharge m? s=1).

Brachyplatystoma spp. larvae and juveniles were collected throughout the hydro-
logical cycle, but mostly between June and November (dry season) (Fig. 2). There
was, however, no difference in the abundance (ANOVA, d.f. = 2,437, P> 0-05) and
Ly (ANOVA, d.f. = 0,187, P> 0-05) of larvae and juveniles of B. rousseauxii among
the three sampling areas (Table I). Similarly, no significant temporal difference in the
abundance of B. rousseauxii (grouping larvae + juveniles) was detected between the
flood and dry periods (z-test, d.f. = 11, P > 0-05; Table II).

During the 14 months of the study, the bottom-trawl sampling of the Madeira
River resulted in very low overall abundances of larvae and juvenile fishes compared
with other studies in the Amazon and Orinoco Basins (Ldopez-Rojas et al., 1984;
Cox-Fernandes et al., 2004; Thomé-Souza & Chao, 2004). As the same sampling
protocol and gear yielded larger abundances in these studies, the low abundances
observed in the Madeira can be considered as a robust result. This is further empha-
sized by the fact that sampling effort was increased by doubling the duration of trawl
transects and reducing mesh size in this study. Such results are consistent with the
low overall fish abundance observed along the rapids stretch of the Madeira River
(Torrente-Vilara et al., 2011).

The increased abundance of Brachyplatystoma spp. (including B. rousseauxii) late
larvae and juveniles during the autumn and dry season may suggest that these species
use the periods of lower water flow of the Madeira River for the downstream drifting
and migration of young individuals towards the Amazon Estuary. Downstream drifting
during the low water season may constitute a strategy to minimize the chances of
juveniles being diverted to the floodplains in the intermediate portions of the basin
and not reaching the Amazon Estuary, as hypothesized by Garcia-Vasquez et al.
(2009).

Brachyplatystoma rousseauxii is a typical periodic spawner (Winemiller & Rose,
1992), characterized by its large size, long generation time, long lifespan, the pro-
duction of large numbers of small eggs and a breeding cycle synchronized with
the hydrological periodicity (Garcia-Vasquez et al., 2009). In tropical rivers with
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predictable seasonal flow fluctuations, however, spawning of periodic species is
usually restricted to a short period (a few months) during the rising waters (Tedesco
& Hugueny, 2006). According to Agudelo et al. (2000, 2013) and Garcia-Vasquez
et al. (2009), B. rousseauxii and its congeners have relatively long breeding seasons
(>5 months) in the headwaters of the Amazon River (Colombian and Peruvian Ama-
zon). The occurrence of larvae and juveniles of B. rousseauxii in the rapids stretch
throughout the year suggests that B. rousseauxii spawn at slightly different times in
the rivers that compose the headwaters of the Madeira River in Bolivia and Peru,
resulting in more than one peak of late larvae and juveniles crossing the rapids stretch
in the Brazilian portion of the basin. This is consistent with observations of previous
studies in the upper Madeira. Maximum larval densities occur during the period of
highest flow between October and December in the upper Madre de Dios (Caiias
& Pine, 2011; Cafias & Waylen, 2012). In the upper Mamoré River, B. rousseauxii
spawns between February and May (Vam Damme et al., 2011), whereas in the
upper Beni River females with ripe gonads were observed from October to May
(F. Carvajal & F. Duponchelle, unpubl. data). Therefore, the existence of different
breeding periods corroborates molecular data on the presence of distinct populations
of B. rousseauxii in different parts of the Madeira River basin (Carvajal-Vallejos et al.,
2014).

Another striking result of this study is the low abundance of larvae and juveniles
collected, despite the considerable sampling effort, for such highly fecund species
(Garcia-Vasquez et al., 2009). It is possible that a large proportion of the larvae that
hatched in the Bolivian and Peruvian portions of the basin might be retained in the
extensive flooded area of the Bolivian Amazon, thus resulting in the very low abun-
dances in the Brazilian portion of the Madeira River. This contradicts, however, the
standing hypothesis that the Amazon Estuary is essential for the completion of the
B. rousseauxii life cycle. Small specimens (<1 kg) of these species are, however, very
rarely observed in this portion of the basin (Carvajal-Vallejos ef al., 2014) and it is
therefore unlikely that a large proportion of the larvae hatched in the Upper Madeira
River were finding growth areas above the rapids. An alternative explanation is that
only a small fraction of the B. rousseauxii larvae hatched in the upper Madeira sur-
vive long enough to reach the rapids stretch of the river, and ultimately the Amazon
Estuary. If this holds true, it highlights the fragility of the life cycle of this species,
and how it may depend on a small number of juveniles reaching the estuary, at least
from the Madeira River basin. It also further stresses the question of how the down-
stream movements of such a low number of juveniles will be affected by the dams in
the Madeira River. The presence of the dams may also impair the upstream migration
of pre-adults, further reducing the production of larvae in the headwaters. While a fish
pass was built at the Santo Antonio hydroelectric power plant, its efficiency to allow
the upstream movements of Brachyplatystoma spp. has not been tested. Monitoring
the relative abundances of a long-term data of Brachyplatystoma juveniles is therefore
essential to evaluate the long-term effects of the dams on Brachyplatystoma species in
the Madeira River basin.

We thank the Santo Antonio Energia (SAE) partnership with the Universidade Federal de
Rondodnia (UNIR), Instituto de Estudos e Pesquisas Agroambientais e Organizagdes Susten-
taveis (IEPAGRO) and Instituto Nacional de Pesquisas da Amazonia (INPA) for the opportunity
to conduct ichthyological studies along Madeira River. J. Z. received a productivity grant from
CNPq (process #307464/2009-1).
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ABSTRACT

The environmental consequences of large dams are numerous, including direct impacts to the
biological, chemical and physical properties of rivers environments. Dams fragment the
riverine ecosystem, isolating populations of species living up and downstream of the dam and
cutting off migrations and other species movements. We examined responses from fish
assemblages depending on floodplains areas (pelagic) and bottom main channel (benthic)
three years before and three years after two reservoirs built in cascade in the largest white-
water tributary of the Amazon River. Jirau and Santo Antonio were the first dams constructed
in an Amazonian tributary with white water, great flow variability, and fish diversity, such as
the Madeira River. Overall, there were major differences in species richness, biomass and
density but no significant differences in fish diversity and evenness before and after dam
construction. Differences in pelagic fish assemblage composition into both reservoirs were
noticed immediately, and linked to the increasing in conductivity, deep, oxygen and
temperature while channel bottom fish assemblage seems to not respond immediately to the
dams’ closure. Our study is especially relevant considering responses from fish assemblages
to bulb turbines in the face of burgeoning new hydroelectricity development plans for rivers

across Amazonia.

KEY WORDS Amazon; muddy-water; cascade reservoirs; damming; freshwater fish;

richness; species composition.
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Introduction

Damming has one of the most severe form of changes riverine ecosystems. Dressed in clean
energy, dam construction has been increasing faster causing a tsunami of social and
environmental problems in tropical rivers (Finer and Jenkins, 2012; Castello et al., 2013;
Lees et al., 2016; Prado et al., 2016). Dams fragmented nearly two-thirds of the world’s
largest rivers (Dynesius and Nilsson, 1994; Nilsson et al., 2005) and tropical rivers are now
the primary frontier of dam construction due to its free-flowing natural conditions
(Vorosmarty et al., 2004; Finer and Jenkins, 2012; Fearnside, 2013; 2014; Lima Junior et al.,
2015; Fearnside, 2016; Winemiller et al., 2016).

Dams are not planned randomly, they are mostly built at waterfalls and rapids to optimize
energy production by blocking turbulent sections of rivers. Once blocked, the lotic section of
the river is replaced by a lentic water body, hence modifying river’s flow, the transport of
sediments and nutrients load from upstream to downstream areas, most of which with
unknown effects at regional scale (Liermann et al., 2012; Fearnside, 2013; Lees et al., 2016).
At basin scale, lentic sections of river are permanent barrier to dispersal of aquatic organisms
in spite of the frequent construction of transposition systems (Pelicice and Agostinho, 2008;
Pelicice et al., 2015). Yet, dams stabilize the river flow, thus drastically changing the natural
flood pulse of tropical rivers, which is the main trigger to longitudinal and lateral fish
movements (Junk et al., 1989; Winemiller, 1989; Cox Fernandes, 1997; Dugan et al., 2010),
causing long term ripple effects (Winemiller ez al., 2016).

The effect of dams as a permanent barrier is not limited to the basin scale. The new lentic
environment creates new habitats where an increase of temperature is followed by a decrease
in dissolved oxygen (Prchalova et al., 2009). These new environments facilitate the
establishment of opportunistic and non-native species, thus modifying alfa and beta diversity
at the local scale (Agostinho et al., 2008; Pelicice and Agostinho, 2009; Vitule et al., 2009;
Agostinho ef al., 2015). An heterotrophic period is locally expected during the first stage of
the reservoir filling which promotes increases in fish abundance and richness (see Petrere,
1996; Agostinho et al., 2008; Gao et al., 2010; Agostinho et al., 2015; Lima et al., 2015). The
increase in fish richness might be a result of permanent flood on a host of natural habitats
with their specific fish fauna assemblage (beaches, riparian zone) sheltering species
temporarily. Furthermore, the permanent flood inputs terrestrial organic matter resulting in an

increase in productivity of all trophic levels (Agostinho ef al., 2008; Agostinho et al., 2015).
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Spatially, fish assemblages are distributed along traversal (Cox Fernandes, 1997; Stewart et
al., 2002) and depth gradients of river (Sheldon, 1968). The dependence of fish on floodplain
habitats in large river systems is recognized (Welcomme, 1979; Junk et al., 1989; Agostinho
and Zalewski, 1995), and for many pelagic fish species, the floodplain forest is a key source
of food (Goulding, 1980; Saint-Paul ez al., 2000). Fish assemblages from the deep, main
channel habitats of large tropical rivers are rarely addressed in the literature. In the last two
decades, new taxa of highly specialized benthic fish species have been described including
blind fishes adapted to live in the bottom (Lopez-Rojas et al., 1984; Mago-Leccia et al.,
1985; Lundberg and Py-Daniel, 1994; Lundberg et al., 1996; Stewart et al., 2002; Cox
Fernandes et al., 2004; Thomé-Souza and Chao, 2004). However, independently of addressed
pelagic or benthic fish assemblage, little is known about the process regulating the transition
of fish assemblage after the establishment of a dam due to the lack of ecological information
prior the dam construction. As a result, such information has to be reconstructed
retrospectively using often-incomplete data from museum’s collections and historical records
(da Fonseca et al., 2002; Vitule et al., 2012). In this sense, rivers with historical data pre-
impoundment are valuable models for understanding how running waters are impacted by
dams, especially in tropical rivers which concentrate much of freshwater biodiversity.

In this study we describe the responses of fish assemblages during the heterotrophic period of
the first two reservoirs built in cascade in the largest white-water tributary of the Amazon
River. We sampled sites inside the two reservoirs and downstream areas before and after the
dams’ closure to test the hypothesis that changes in river habitat associated with dam closure
would (i) increase species richness, abundance, and diversity, (ii) increase fish assemblages
dissimilarity faster in pelagic fish assemblage than benthic fish assemblage due its level of

dependence of the flood pulse.

Materials and methods

Study area and sampling design

Madeira River is the largest muddy-water tributary of the Amazon River and was blocked to
create two reservoirs in cascade: Santo Antdnio (blocked in 2011) and Jirau (blocked in
2012). Both reservoirs were the first case of a dam constructed with bulb turbine in the
Amazonia. Bulb turbines are known for having a high efficiency in energy generation (e. g.,
more than 90%, Andre, 1976). Unlike other turbines, this high efficiency can be reached over
a wide range of flow and head water characteristics through the use of adjustable guide vanes

and runner blades (Waters and Aggidis, 2015). As a consequence, smaller reservoirs can be
4
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built and the river maintains free flowing sections with use of this type of turbine compared
to traditional ones (i.e., accumulation reservoir). Our study was conducted both in reservoirs
and downstream river sections, and all sites have been sampled before and after the dams’
closure.
We examined two data sets collected in the Madeira River. The first one referred to fish
assemblages depending on floodplains areas, hereafter pelagic fish assemblage, sampled by
gillnets in the sites: (1) Mutum-Parana River, (2) Sdo Lourenco Creek; (3) Karipunas Creek;
(4) Jaciparana River; (5) Jatuarana Creek; (6) Belmont Creek; and (7) Machado River (Fig.
1). Sites 1-2, and 3-5 were flooded to create Jirau and Santo Antonio Dams, respectively.
Sites 6 and 7 are positioned downstream both reservoirs (Fig. 1). The second data set was
sampled in three transects (A Jirau reservoir area; B Santo Antonio reservoir area; and C
downstream reservoirs) by using bottom trawl nets, hereafter benthic fish assemblages, and
we hypothesized they would be less impacted by dams because its low level of dependence of
a local floodplain. Each transect was composed of five collections of ten minutes each,
combined as a single sample. A detailed description of Madeira River can be found elsewhere
(Torrente-Vilara et al., 2011; Queiroz et al., 2013). All data were collected under the Santo
Antonio Energia (SAE) and Energia Sustentavel do Brasil (ESBR) Fish Conservation
Programs.
Biological data

Fish sampling was conducted bimonthly during six years: 2004 and 2009, 2010 to
2011 before the dams closure (September 2011), and from 2012, 2013 and 2014 after
damming. Pelagic fish assemblage have been sampled with a set of 13 gillnets (sites 1 to 7)
with mesh size varying from 30 to 200 mm between opposite knots, totaling 431-m* per
sample left in the water for 24 hours. Benthic fish assemblages were sampled in transects
composed of five collections of ten minutes each combined as a single sample. Sampling was
conducted using a 3 m x 1 m bottom trawl net that was hauled behind a boat (Lopez-Rojas et
al., 1984; Cella-Ribeiro et al., 2015). The net had a 5 mm mesh bag that was lined with 1 mm
mesh netting.
Pelagic fish assemblages were sampled 36 times (18 samples before and 18 samples after
dam closure) whereas benthic fish assemblages were sampled 24 times (12 samples before
and 12 after dam closure). Machado River (site 7) was not sampled in the first year of study
(2004); Mutum-Parana River (site 1), Sdo Lourengo River (site 2), and Karipunas River (site
3) were not sampled in April, August and October 2014 due to the risk of sampling during an
exceptional flood in Madeira River Basin (Fearnside 2014a). The individuals were

5
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euthanized using a lethal dose of clove oil (Eugenol) and immediately placed on ice (fishes
collected by gillnets) or preserved in a 10% formalin solution (fishes collected by trawl net).
The fish specimens were identified following (Queiroz et al., 2013).
Environmental variables

Physicochemical characteristics of the water were measured at each sampling in all
sites. The variables dissolved oxygen (mgl™), water temperature (°C), pH, conductivity
(uSm™), turbidity (UNT), water transparency (cm), depth (m), width (m) and water speed
(m/s) were used to evaluate the effects of local environmental changes on fish assemblage
changes after dams closure in Madeira River.
Data analyses
All data analyses have been performed in R environment (R Core Team 2014) using the
vegan packages (Oksanen et al., 2016). We conducted mostly parametric analyses, but we
used the corresponding nonparametric tests when variable distributions did not meet the
normality assumption (checked using Shapiro-Wilk test) or number of samples were not
equal between both periods. To test the differences in fish assemblage attributes (richness,
abundance, biomass, diversity indices and composition dissimilarities) and environmental
variables at each site between before and after dams construction, we compare all samples
from both periods (before vs after). The number of samples per site were: sites 1 and 3 (18
samples before vs 15 samples after), site 2 (17 samples before vs 14 samples after), sites 4, 5
and 6 (18 samples before vs 18 samples after), site 7 (12 samples before vs 16 samples after),

sites A, B and C (12 before vs 12 after).

Richness, abundance and biomass

Richness (S) was measured as the absolute number of species present in each sample. Species
abundance and biomass were defined as catch per unit effort, expressed as individuals or
weight/431m?/24h for pelagic fish assemblages. Benthic fish assemblage was evaluated by
individuals/10 minutes of trawling. We tested differences in fish species richness, abundances
and biomass before and after dam construction with #-student and Mann-Whitney non-

parametric tests.
Diversity indices

We tested for differences in fish diversity before and after dams construction with the
Shannon-Wiener (H') and the Simpson’s diversity index (D, Simpson 1949), which differ in
their theoretical foundation and interpretation (Magurran, 2004). The Shannon index is

affected both by the number of species and the evenness of species abundances, whereas the
6
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Simpson index gives more weight to common or dominant species. Contrary to the Shannon
index, rare species with only a few individuals will not affect Simpson index. Pielou’s (J)
index quantifies how even is abundance of species among samples, is derived from the
Shannon index and is constrained between 0 and 1; the lower the variation among species
abundance, the higher the J value. Shannon (H”), Simpson’s (D), and Pielou’s J represent thus
variation in species diversity and evenness and were calculated for both pelagic and benthic
fish assemblages. Differences in these indices before and after dam construction were tested

with #-student and Mann-Whitney tests.

Composition dissimilarities before and after dams closure in each site

Relative abundance of pelagic and benthic fish species were first square-rooted
transformed to reduce the influence of abundance/common species on the analyses, then
pairwise dissimilarity matrix among sites were calculated using the Bray-Curtis distance
metric. We tested for overall differences in fish species assemblages before and after dam
closure using Permutational Analysis of Variance (PERMANOVA) with 999 permutations.
Then, we summarized species assemblages with Non-Metric Multidimensional Scaling
(NMDS) in two dimensions to visualize major differences before and after dams closure in
Madeira River in only two dimensions (i.e. two NMDS axis). NMDS is a powerful
unconstrained ordination method frequently used for indirect gradient analysis in community
ecology (Minchin, 1987). We also tested for differences in the NMDS scores (2 axes) before
and after dams closure in Madeira River with univariate ANOVAs. The NMDS,
PERMANOVA and ANOVA were performed using the functions metaMDS, adonis and
anova respectively.
Environmental variables
First, the environmental variables were tested in four data set according to the habitat (pelagic
or benthic) and the river section (reservoir or downstream). We calculated the Euclidean
distance matrix for each data set. Then, to test differences in environmental characteristics
before and after dam closure we performed the test PERMANOVA (999 permutations) for
each data set. After that, to test the differences in each environmental variable at each site
among before and after dams construction we used #-student and Mann-Whitney non-

parametric tests.

Influence of environmental variables on fish assemblage impacted by dams closure
We used the NMDS axes to test changes in species composition related to changes in

local habitat characteristics. For this analyze, fish assemblages were grouped in four data set
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according the fish assemblage (pelagic or benthic) and river section (reservoir or
downstream). For each data set, the model included the scores of the first two NMDS
dimensions (species composition) as dependent variables and the logjo-transformed local
habitat variables as independent (dissolved oxygen mgl'l, water temperature °C, pH,
conductivity uSm™, turbidity UNT, water transparency cm, depth m, width m and water
speed (m/s). Four models were performed; MOD-1 with pelagic fish from reservoir area,
MOD-2 with benthic fish from reservoir area, MOD-3 with pelagic fish from downstream
and MOD-4 with benthic fish from downstream.

Results
Richness, abundance, biomass, and diversity
A total of 45,387 specimens representing 438 fish species, 41 families, and 11 orders were
recorded. Pelagic and benthic fish assemblages’ were composed of 365 and 138 fish species,
respectively. Only 66 (15 %) fish species were common to both sampling methods. Pelagic
fish assemblages increased in richness in most sites positioned in both reservoirs areas (Fig.
2; Table 1; sites 1 to 5). Fish abundance and biomass increased in all but Mutum-Parana
River (site 1) sites positioned upstream and downstream the reservoirs. No differences were
detected for richness, abundance, and biomass in sites from downstream reservoirs (Fig. 2;
Table 1; sites 6 and 7), and benthic fish assemblage from all sites (Fig. 4; Table 1; sites A, B
and C). Diversity index described by H’ and D revealed differences in pelagic fish
assemblage composition after dams closure only for Karipunas Creek, and Jaciparand River
(Fig. 3; Table 2; sites 3 and 4 locate between Santo Antonio and Jirau dams). No differences
were detected for diversity indices in most sites in spite of the considered fish assemblage
(Fig. 3 and 4; Table 2; sites 6, 7, A, B and C).
Changes in species composition

Pelagic fish assemblage before and after dam closure differed for most sampling sites
(PERMANOVA: Fig. 5; Table 3; sites 1 to 5), whereas sites 6 and 7 were similar in terms of
species composition. Before and after changes in benthic fish assemblage were detected only
downstream the dams (PERMANOVA: Fig. 5; Table 3; site C), whereas upstream sites
showed no effect at all. The ANOVA detected NMDS scores variation before and after dams
closure only for pelagic fish assemblage in sites 1, 2, 3 (all of them in Jirau UHE), and 7

(Machado River, a downstream area) (Table 3).
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Influence of environmental variables on the fish assemblages

Reservoir area showed significant differences for local environmental variables
between before and after dams closure (PERMANOVA: Table 4). Those variables were
width, transparence, turbidity, conductivity, temperature, dissolved oxygen and pH for
tributaries (sites 1 to 5) and, water speed and dissolved oxygen for Madeira River main
channel (sites A and B). No differences for environmental variables were detected for
downstream reservoirs (tributaries sites 6, 7 and main channel C, PERMANOVA: Table 4).

The multiple regression models showed local environmental conditions (conductivity,
depth, oxygen, and temperature) as the best predictor to explain changes in pelagic fish
assemblages in the reservoir area (MOD 1; sites 1 to 5; Fig. 6; Table 5) while depth explain
composition variation in a downstream river section (MOD-3; sites 6 and 7; Fig. 6; Table 5).
Changes in benthic fish assemblages in the reservoir (sites A and B) were not related to local
factors measured in this study (MOD-2; sites A and B; Fig. 6; Table 5) whereas dissolved
oxygen explains downstream changes in benthic fish assemblages (MOD-4; site C; Fig. 6;

Table 5).

Discussion

Our study represents the first assessment of dams closure in cascade in the largest white-
waters Amazon River. Differences in pelagic fish assemblage composition into both
reservoirs were noticed immediately, and linked to the increasing in conductivity, water
temperature, and reduction in the dissolved oxygen and deep. However, benthic fish
assemblage from reservoir area seems to not respond immediately to the dams closure. A
secondary set of results were the maintenance of pelagic fish assemblage downstream the
dams closure in cascades. These assemblages, immediately downstream (site 6, Belmont
creek, 30 km from Santo Antonio Dam), and Machado River (site 7, 300 km from Santo
Antonio Dam) did not change in terms of fish species assemblages probably due to the
maintenance of local habitats.

The increase in richness, abundance and biomass of pelagic fish assemblages from
tributaries flooded by the reservoirs are associated to immediate changes that occurred in the
environment during the upsurge phase of the reservoir when a large amount of organic matter
is available (see Agostinho et al., 2015). The large flood caused by the reservoir resulted in
an increase in space available for fish and other aquatic organisms (Fernandes et al., 2009).
Local areas previously spread over a variety of habitats and segregated by waterfalls
(Torrente-Vilara et al., 2011) changed due to the homogenizations and modification of
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resources’ availability (Agostinho et al., 2008; Fernandes et al., 2009; Wang et al., 2012;
Lima et al., 2015). However, there was an exception to the increase in abundance and
biomass in the Mutum-Parand River (site 1). Mutum-Parana River is positioned upstream
from the dam and with open access to upstream Madeira River where a small stretch of
waterfall resists the drowning of Jirau Dam.

On the other hand, the structure of the benthic fish assemblage in the main channel of
the Madeira River remained the same during the three years after the dams. Two hypotheses
could explain this lack of response from this benthic community: (i) few environmental
changes took place in the main channel of the Madeira River due a lower impact caused by
bulb turbine when compared to traditional reservoirs (see Table 4) and (ii) species from
common habitats around the area has weak potential to occupy niches in the bottom. In fact,
the bottom of the Madeira River has a rare fish fauna composed mostly by Gymnotiformes
and small Siluriformes species well adapted to the conditions of deep habitat (Lundberg and
Py-Daniel, 1994; Cox Fernandes et al., 2004; Covain and Fisch-Muller, 2007; Lundberg et
al., 2013; Queiroz et al., 2013) supporting this hypothesis.

The literature has demonstrated that large dams resulted in a decrease in fish
abundance and an alteration in fish composition downstream river (Petrere, 1996; Hallwass et
al., 2013; Lima et al, 2015). Fish density seems to be generally high in the first few
kilometers downstream of dams and due high concentration of migratory and non-migratory
rheophilic fish (Pompeu and Martinez, 2006; Agostinho ef al., 2012; Lima et al., 2015).
However, the results of this study revealed that during the three years immediate after dams
construction in the Madeira River, the pelagic fish assemblage attributes from downstream
remained the same. These findings seem to be related to the maintenance of the local
environmental factors downstream dams during the first three years after the dams closure
also. There was an increase of marginal pelagic species in the benthic assemblage
downstream dams (site C). The high erosion of the Madeira River banks downstream dams
(Fearnside, 2014) forced the shoreline species towards to the main channel. Channeling the
water from the spillway of the UHE Santo Antonio altered the downstream flow of the dam
to a single drop compared to the old Santo Antdnio waterfall (blasted), suddenly increasing
the erosion in the downstream area of the UHE (Fearnside, 2014).

Though Oreochromis niloticus has been observed during these first three years of
monitoring (da Graca et al., 2013), a massive pool of invasive species was not observed
colonizing the Madeira River reservoirs. Differences in pelagic fish assemblages’
composition from reservoirs areas were more associated to changes in the abundances of
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species that already inhabited the area. Migratory Characiformes (Npe= 1,179 and Npos=
9,624; e.g. the omnivorous Triportheus spp., the frugivorous Mylossoma spp., the
detritivorous Potamorhina spp., Psectrogaster spp., the carnivorous Pellona spp.) and filter-
feeding species (planktivorous; Np.= 158 and Nyos= 2,184; e.g. Jurengraulis juruensis,
Hypophthalmus spp., Anodus spp., Chaetobranchus flavescens) were caught more frequently
in the reservoirs. There was an increase in catches of Plagioscion squamosissimus and
Pterodoras granulosus juveniles (less than 5 cm) in the Madeira River channel. These species
have the potential to dominate the reservoirs of the Madeira River, as observed in other
Brazilian reservoirs, including the Tocantins River, Amazon (Agostinho et al., 2008; Araujo
et al., 2013). A set of species that depend on flood pulse to reproduce had high abundance in
the reservoirs. If those set of species were able to adapt their life cycle to remaining rivers
section between the reservoirs (as the tributary Jaciparana River with 12163.20 km? sub-basin
area), maybe they will persist in Jirau and Santo Antonio dams. Otherwise, blocking their life
cycle could lead to local extinctions or a depletion of migrating species (Porcher and
Travade, 1992; Kuussaari et al., 2009; Duponchelle et al., 2016). Still, some species that
were previously abundant in the rapids stretch of tributaries, especially piscivores such as the
genus Acestrorhynchus spp., have become scarce in the reservoirs suggesting low
adaptability of this species to the new reservoir conditions and possibly local changes in
trophic dynamics (but see Pereira et al., 2016).

Jirau and Santo Antonio dams’ were the first dams to be built with bulb turbines in a
system of white-water, with great flow, and high fish species richness, such as the Madeira
River (Queiroz et al, 2013). Although we confirmed an increase in some of the fish
assemblage attributes from Madeira River reservoirs’ expected for the heterotrophic phase, it
is still unknown how a river as the Madeira can withstand high species richness after the high
magnitude impact caused by these dams. Reductions in species richness and fish diversity are
also expected after this heterotrophic phase in the reservoir (Agostinho et al., 2008) but bulb
turbines seems to damp severe effects downstream dams. Standard, long-term monitoring is
recommended after the stabilization of these reservoirs, to further evaluate the capacity to

support this rich ichthyofauna, especially for benthic fish assemblage.

Acknowledgements
We are in debt to the Santo Antonio Energia (SAE) partnership, to the Universidade Federal
de Ronddnia (UNIR), to the Instituto de Estudos e Pesquisas Agroambientais e Organizagdes

Sustentaveis (IEPAGRO) and to the Instituto Nacional de Pesquisas da Amazonia (INPA) for
11

John Wiley & Sons, Ltd



©CoO~NOUTA,WNPE

345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377

378

http://mc.manuscriptcentral.com/ecohydrology

the opportunity of conducting ichthyological studies along Madeira River. This study is a
result of the PhD dissertation of ACR under the network Biodiversidade e Biotecnologia da
Amazoénia Legal (BIONORTE) funded by the Fundagdo de Amparo a Pesquisa no Estado do
Amazonas (FAPEAM, process #62.01947/2013) and the Science Without Borders program
(Conselho Nacional de Desenvolvimento Cientifico e Tecnoldégico — CNPq, process
#233358/2014-5). CRCD receives a scholarship from CNPq (process 201457/2014). GTV
received a grant from CAPES (Pro-Amazon Program: Biodiversity and Sustainability,
process 6632/14-9). We thank Mia Gianelli for reviewing the English and Dr. Thierry
Oberdorff and Dr. Murilo Sversut Dias for kindly improving the quality of this paper with his

comments.

References

Agostinho A, Pelicice F, Gomes L 2008. Dams and the fish fauna of the Neotropical region:

impacts and management related to diversity and fisheries. Brazilian Journal of Biology 68,

1119-1132.

Agostinho AA, Agostinho CS, Pelicice FM, Marques EE 2012. Fish ladders: safe fish

passage or hotspot for predation? Neotropical Ichthyology 10, 687-696.

Agostinho AA, Gomes LC, Santos NCL, Ortega JCG, Pelicice FM 2015. Fish assemblages in

Neotropical reservoirs: Colonization patterns, impacts and management. Fisheries Research

173, 26-36.

Agostinho AA, Zalewski M 1995. The dependence of fish community structure and dynamics

on floodplain and riparian ecotone zone in Parana River, Brazil. In: Schiemer F, Zalewski M,

Thorpe JE (eds) The Importance of Aquatic-Terrestrial Ecotones for Freshwater Fish, pp

141-148. Springer Netherlands, Dordrecht.

Andre H 1976. Power plant and other french hydro-powered sites. [EEE Transactions on

Power Apparatus and Systems 95, 1038-1044.

Aratjo ES, Marques EE, Freitas IS, Neuberger AL, Fernandes R, Pelicice FM 2013. Changes

in distance decay relationships after river regulation: similarity among fish assemblages in a

large Amazonian river. Ecology of Freshwater Fish 22, 543-552. DOI: 10.1111/eff.12054.

Castello L, McGrath DG, Hess LL, Coe MT, Lefebvre PA, Petry P, Macedo MN, Reno6 VF,

Arantes CC 2013. The vulnerability of Amazon freshwater ecosystems. Conservation Letters

6,217-229. DOI: 10.1111/conl.12008.

Cella-Ribeiro A, Assakawa LF, Torrente-Vilara G, Zuanon J, Leite RG, Doria C,

Duponchelle F 2015. Temporal and spatial distribution of young Brachyplatystoma spp.
12

John Wiley & Sons, Ltd

Page 12 of 28



Page 13 of 28

©CoO~NOUTA,WNPE

379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411

http://mc.manuscriptcentral.com/ecohydrology

(Siluriformes: Pimelodidae) along the rapids stretch of the Madeira River (Brazil) before the
construction of two hydroelectric dams. Journal of Fish Biology 86, 1429-1437. DOI:
10.1111/jfb.12630.

Covain R, Fisch-Muller S 2007. The genera of the Neotropical armored catfish subfamily
Loricariinae (Siluriformes: Loricariidae): a practical key and synopsis. Zootaxa 1462, 40.

Cox Fernandes C 1997. Lateral migration of fishes in Amazon floodplains. Ecology of
Freshwater Fish 6, 36-44.

Cox Fernandes C, Podos J, Lundberg JG 2004. Amazonian Ecology: Tributaries Enhance the
Diversity of Electric Fishes. Science 305, 1960-1962. DOI: 10.1126/science.1101240.

da Fonseca GAB, Gascon C, Steininger MK, Brooks T, Mittermeier RA, Lacher TE 2002. A
Global Experiment Under Way. Science 295, 1835. DOI: 10.1126/science.295.5561.1835b.
da Graga WIJ, Varella HR, Vieira FG 2013. Cichlidae. In: Queiroz LJ, Torrente-Vilara G,
Ohara WM, Pires T, Zuanon JA, Doria CRC (eds) Peixes do Rio Madeira, pp 330-389.
Dialeto, Sdo Paulo.

Dugan PJ, Barlow C, Agostinho AA, Baran E, Cada GF, Chen D, Cowx IG, Ferguson JW,
Jutagate T, Mallen-Cooper M, Marmulla G, Nestler J, Petrere M, Welcomme RL, Winemiller
KO 2010. Fish Migration, Dams, and Loss of Ecosystem Services in the Mekong Basin.
Ambio 39, 344-348. DOI: 10.1007/s13280-010-0036-1.

Duponchelle F, Pouilly M, Pécheyran C, Hauser M, Renno J-F, Panfili J, Darnaude AM,
Garcia-Vasquez A, Carvajal-Vallejos F, Garcia-Davila C, Doria C, Bérail S, Donard A,
Sondag F, Santos RV, Nuiiez J, Point D, Labonne M, Baras E 2016. Trans-Amazonian natal
homing in giant catfish. Journal of Applied Ecology, n/a-n/a. DOI: 10.1111/1365-
2664.12665.

Dynesius M, Nilsson C 1994. Fragmentation and Flow Regulation of River Systems in the
Northern Third the World. Science 266, 753-762.

Fearnside PM 2013. Decision-making on Amazon dams: Politics trumps uncertainty in the
Madeira River sediments controversy. Water Alternatives 6, 313-325.

Fearnside PM 2014. Impacts of Brazil's Madeira River Dams: Unlearned lessons for
hydroelectric development in Amazonia. Environmental Science & Policy 8, 164—172.
Fearnside PM 2016. Tropical dams: To build or not to build? Science 351, 456-457.
Fernandes R, Agostinho A, Ferreira E, Pavanelli C, Suzuki H, Lima D, Gomes L 2009.
Effects of the hydrological regime on the ichthyofauna of riverine environments of the Upper

Parana River floodplain. Brazilian Journal of Biology 69, 669-680.

13

John Wiley & Sons, Ltd



©CoO~NOUTA,WNPE

412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444

http://mc.manuscriptcentral.com/ecohydrology

Finer M, Jenkins CN 2012. Proliferation of Hydroelectric Dams in the Andean Amazon and
Implications for Andes-Amazon Connectivity. PLoS ONE 7, e35126. DOLI:
10.1371/journal.pone.0035126.

Gao X, Zeng Y, Wang J, Liu H 2010. Immediate impacts of the second impoundment on fish
communities in the Three Gorges Reservoir. Environmental Biology of Fishes 87, 163—173.
Goulding M 1980. The fishes and the forest. Explorations in Amazonian Natural History,
University of California Press, Berkeley, USA.

Hallwass G, Lopes PF, Juras AA, Silvano RAM 2013. Fishers' knowledge identifies
environmental changes and fish abundance trends in impounded tropical rivers. Ecological
Applications 23, 392-407. DOI: 10.1890/12-0429.1.

Junk WJ, Bayley PB, Sparks RE 1989. The flood pulse concept in River-Floodplain systems.
Special Publications of the Canadian Journal of Fisheries and Aquatic Sciences 106, 17.
Kuussaari M, Bommarco R, Heikkinen RK, Helm A, Krauss J, Lindborg R, Ockinger E,
Partel M, Pino J, Roda F, Stefanescu C, Teder T, Zobel M, Steffan-Dewenter I 2009.
Extinction debt: a challenge for biodiversity conservation. Trends in Ecology and Evolution
24, 564-571.

Lees AC, Peres CA, Fearnside PM, Schneider M, Zuanon JAS 2016. Hydropower and the
future of Amazonian biodiversity. Biodiversity and Conservation 25, 451-466. DOI:
10.1007/s10531-016-1072-3.

Liermann CR, NiLsson C, Robertson J, Ng RY 2012. Implications of Dam Obstruction for
Global Freshwater Fish Diversity. BioScience 62, 539-548.

Lima AC, Agostinho CS, Soares AMVM, Monaghan KA 2015. Alternative ways to measure
impacts of dam closure to the structure of fish communities of a Neotropical river.
Ecohydrology, n/a-n/a. DOI: 10.1002/eco.1688.

Lima Junior DP, Barroso Magalhdes AL, Vitule JRS 2015. Dams, politics and drought threat:
the march of folly in Brazilian freshwaters ecosystems. Natureza & Conservagdo 13, 196-
198. DOI: http://dx.doi.org/10.1016/j.ncon.2015.11.003.

Lopez-Rojas H, Lundberg JG, Marsh E 1984. Design and operation of a small trawling
apparatus for use with dugout canoes. North American Journal of Fisheries Management 4,
331-334.

Lundberg JG, Fernandes CC, Albert JS, Garcia M 1996. Magosternarchus, a New Genus with
Two New Species of Electric Fishes (Gymnotiformes: Apteronotidae) from the Amazon

River Basin, South America. Copeia 1996, 657-670. DOI: 10.2307/1447530.

14

John Wiley & Sons, Ltd

Page 14 of 28



Page 15 of 28

©CoO~NOUTA,WNPE

445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476

477

http://mc.manuscriptcentral.com/ecohydrology

Lundberg JG, Fernandes CC, Campos-Da-Paz R, Sullivan JP 2013. Sternarchella calhamazon
n. sp., the Amazon's Most Abundant Species of Apteronotid Electric Fish, with a Note on the
Taxonomic Status of Sternarchus capanemae Steindachner, 1868 (Gymnotiformes,
Apteronotidae). Proceedings of the Academy of Natural Sciences of Philadelphia 162, 157-
173. DOI: 10.1635/053.162.0110.

Lundberg JG, Py-Daniel LR 1994. Bathycetopsis oliveirai, Gen. et Sp. Nov., a Blind and
Depigmented Catfish (Siluriformes: Cetopsidae) from the Brazilian Amazon. Copeia 1994,
381-390. DOI: 10.2307/1446985.

Mago-Leccia F, Lundberg JG, Baskin JN 1985. Systematics of the South American
freshwater fish genus Adontosternarchus (Gymnotiformes, Apteronotidae). Contributions in
Science, Natural History Museum, Los Angeles County, 19.

Magurran AE 2004. Measuring biological diversity, 2nd ed., Blackwell Science Ltd., Oxford,
UK.

Minchin PR 1987. An evaluation of relative robustness of techniques for ecological
ordinations. Vegetatio 69, 89—107.

Nilsson C, Reidy CA, Dynesius M, Revenga C 2005. Fragmentation and Flow Regulation of
the World's Large River Systems. Science 308, 405-408. DOI: 10.1126/science.1107887.
Oksanen J, Blanchet FG, Kindt R, Legendre P, Minchin PR, O’Hara RB, Simpson GL,
Solymos P, Henry M, Stevens MHH, Wagner H 2016. Vegan: Community Ecology Package.
R Package Version 2.3-3. Available in https://CRAN.R-project.org/package=vegan.

Pelicice F, Agostinho A 2009. Fish fauna destruction after the introduction of a non-native
predator (Cichla kelberi) in a Neotropical reservoir. Biol Invasions 11, 1789-1801. DOI:
10.1007/s10530-008-9358-3.

Pelicice FM, Agostinho AA 2008. Fish passage facilities as ecological traps in large
Neotropical rivers. Conservation Biology 22, 180-188.

Pelicice FM, Pompeu PS, Agostinho AA 2015. Large reservoirs as ecological barriers to
downstream movements of Neotropical migratory fish. Fish and Fisheries 16, 697-715. DOI:
10.1111/faf.12089.

Pereira LS, Agostinho AA, Delariva RL 2016. Effects of river damming in Neotropical
piscivorous and omnivorous fish: feeding, body condition and abundances. Neotropical
Ichthyology 14.

Petrere MJ 1996. Fisheries in large tropical reservoirs in South America. Lakes & Reservoirs:

Research and Management 2, 111-133.

15

John Wiley & Sons, Ltd



©CoO~NOUTA,WNPE

478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510

511

http://mc.manuscriptcentral.com/ecohydrology

Pompeu PS, Martinez CB 2006. Temporal patterns of fish passage in Santa Clara Power
Plant's fish lift, Murici River, East Brazil. Revista Brasileira de Zoologia 23, 340-349.
Porcher JP, Travade F 1992. Les dispositifs de franchissement: bases biologiques, limites et
rappels réglementaires. Bulletin Frangais de Péche et Pisciculture 326-327, 5-15.
Prado AP, Athayde S, Mossa J, Bohlman S, Leite F, Oliver-Smith A 2016. How much is
enough? An integrated examination of energy security, economic growth and climate change
related to hydropower expansion in Brazil. Renew Sustain Energy Reviews 53, 1132-1136.
Prchalova M, Kubecka J, Cech M, Frouzova J, Drastik V, Hohausova E, Jaza T, Kratochvil
M, Maténa J, Peterka J, Riha M, Tuser M, Vasek M 2009. The effect of depth, distance from
dam and habitat on spatial distribution of fish in an artificial reservoir. Ecology of Freshwater
Fish 18, 247-260. DOI: 10.1111/5.1600-0633.2008.00342.x.
Queiroz LJ, Torrente-Vilara G, Ohara WM, Pires T, Zuanon JAS, Doria CRC 2013. Peixes
do rio Madeira, Dialeto, Sdo Paulo, SP.
Saint-Paul U, Zuanon J, Correa MAV, Garcia M, Fabré NN, Berger U, Junk WJ 2000. Fish
communities in central Amazonian white-and blackwater floodplains. Environmental Biology
of Fishes 57, 235-250.
Sheldon AL 1968. Species diversity and longitudinal succession in stream fishes. Ecology 49,
193-198.
Stewart DJ, Ibarra M, Barriga-Salazar R 2002. Comparison of Deep-River and Adjacent
Sandy-Beach Fish Assemblages in the Napo River Basin, Eastern Ecuador. Copeia 2002,
333-343.
Thomé-Souza MIJF, Chao NL 2004. Spatial and temporal variation of benthic fish
assemblages during the extreme drought of 1997-98 (EI Nifio) in the middle rio Negro,
Amazonia, Brazil. Neotropical Ichthyology 2, 127-136.
Torrente-Vilara G, Zuanon J, Leprieur F, Oberdorff T, Tedesco PA 2011. Effects of natural
rapids and waterfalls on fish assemblage structure in the Madeira River (Amazon Basin).
Ecology of Freshwater Fish 20, 588-597.
Vitule JRS, Freire CA, Simberloff D 2009. Introduction of non-native freshwater fish can
certainly be bad. Fish and Fisheries 10, 98-108. DOI: 10.1111/j.1467-2979.2008.00312.x.
Vitule JRS, Skoéra F, Abilhoa V 2012. Homogenization of freshwater fish faunas after the
elimination of a natural barrier by a dam in Neotropics. Diversity and Distributions 18, 111-
120. DOI: 10.1111/j.1472-4642.2011.00821 .x.
Vorosmarty C, Lettenmaier D, Leveque C, Meybeck M, Pahl-Wostl C, Alcamo J, Cosgrove
W, Grassl H, Hoff H, Kabat P, Lansigan F, Lawford R, Naiman R 2004. Humans
16

John Wiley & Sons, Ltd

Page 16 of 28



Page 17 of 28

©CoO~NOUTA,WNPE

512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527

528

http://mc.manuscriptcentral.com/ecohydrology

transforming the global water system. Fos, Transactions American Geophysical Union 85,
509-514. DOI: 10.1029/2004EO0480001.

Wang Y, Xia Z, Wang D 2012. A transitional region concept for assessing the effects of
reservoirs on river habitats: a case of Yangtze River, China. Ecohydrology 5, 28-35. DOI:
10.1002/eco.186.

Waters S, Aggidis G 2015. Tidal range technologies and state of the art in review. Renewable
and Sustainable Energy Reviews 59, 514-529.

Welcomme RL 1979. Fisheries Ecology of Floodplain Rivers, Longman, London.
Winemiller KO 1989. Patterns of variation in life history among South American fishes in
seasonal environments. Oecologia 81, 225-241.

Winemiller KO, McIntyre PB, Castello L, Fluet-Chouinard E, Giarrizzo T, Nam S, Baird IG,
Darwall W, Lujan NK, Harrison I, Stiassny MLJ, Silvano RAM, Fitzgerald DB, Pelicice FM,
Agostinho AA, Gomes LC, Albert JS, Baran E, Petrere M, Zarfl C, Mulligan M, Sullivan JP,
Arantes CC, Sousa LM, Koning AA, Hoeinghaus DJ, Sabaj M, Lundberg JG, Armbruster J,
Thieme ML, Petry P, Zuanon J, Vilara GT, Snoeks J, Ou C, Rainboth W, Pavanelli CS,
Akama A, Soesbergen Av, Sdenz L 2016. Balancing hydropower and biodiversity in the
Amazon, Congo, and Mekong. Science 351, 128-129. DOI: 10.1126/science.aac7082.

17

John Wiley & Sons, Ltd



©CoO~NOUTA,WNPE

529
530
531
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trawling. * Significant (z-fest, P < 0.05) differences. * P <0.05; ** P <0.01 and *** P <0.001.
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Richness (S)

Abundance (ind/480m2/24h, except to sites

Biomass (weight/480m2/24h) , except to

532

A, B, and C) sites A, B, and C)
Sites PRE POST PRE POST PRE POST
total (range) total (range) total (range) total (range) Total (range) total (range) N
mean = SD mean = SD mean = SD mean = SD mean = SD mean = SD
133 (8-58) 162 (20-81) e 2.1(0.02-0.82)  7.24(0.09-3.00) 435.98 (6.39-139.47) 1057.69 (15.01-379.49) 3
20£14 38+15 0.14+0.19 0.48+0.71 29.06+32.61 70.51+88.24
118 (2-59) 164 (24—-84) e 2.61(0.01-0.95)  10.69 (0.12-2.02) ., 419.99(0.59-149.78) 1404.16 (24.71-313.38) ., 30
20+14 45+15 0.18+0.25 0.76+0.52 29.99+37.45 100.30+78.92
140 (4-68) 143 (19-83) s 3.22(0.01-1.50) 12.83(0.10-2.69) ,, 565.73(3.04-314.98) 2044.79(10.36-277.04) . 3
Reservoir area 22+16 42+17 0.21+0.36 0.85+0.78 37.71£77.78 172.19476.10
109 (12-30) 164 (7-65) s 0-45(0.04-0.75) 13.49(0.02-2.41) ., 463.14(4.84-51.00) 1662.20 (1.22-224.17) s 36
2345 39+15 0.30+0.21 0.74+0.56 25.73+10.87 92.345+65.49
104 (8-29) 137 (9-63) s 2.88(0.05-0.34) 13.66(0.04-3.19) ., 415.39(7.92-76.04)  1220.63 (9.32-146.71) . 36
18+6.3 31+17 0.16+0.09 0.75+0.96 23.07+18.02 67.81+41.51
65 (2-30) 48 (2-29) 205 (2—44) 194 (2-68) 24
13+9 119 18+13 18+20
44 (4-15) 62 (2-35) 333 (7-73) 906 (5—412) 24
10+3.7 12+10.6 28+18.6 75+138.1
94 (8—38) 105 (7-44) 5.21(0.06-0.69)  4.39 (0.02-0.84) 603.81 (3.58-123.20)  451.48 (1.10-92.29) 36
19+7.4 19+9.9 0.28+0.18 0.24+0.22 33.54+32.12 25.08+26.44
Downstream 97 (16—-39) 133 (7-52) 2.51(0.06-0.41) 2.64 (0.02-0.92) 357.89 (5.81-55.73) 325.37 (1.36-128.18) 28
reservoirs 26+6.5 23+13.2 0.20+0.10 0.22+0.25 29.82+15.73 27.11+£36.71
49 (3-20) 45 (2-23) 301 (3—-85) 347 (5-119) 24
945.2 7.545.8 25423.2 29+39.1
18
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533 Table 2. Diversity index, Simpson’s (D), Shannon’s (H) and Pielou’s (J) comparison before and after dams closure in Madeira River. * Significant (¢-fest, P < 0.05)
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534 differences. * P < 0.05; ** P <0.01 and *** P <0.001.

535

Simpson’s index (D) Shannon’s index (H”) Pielou’s J
Sites PRE POST PRE POST PRE POST
total (range) total (range) total (range) total (range) total (range) N
mean+SD total (range) mean=SD mean+SD mean+SD mean+SD mean+SD
1 0.95 (0.69—0.95) 0.95 (0.66—0.96) 3.87 (2.18-3.23)  3.83(1.50-3.24) 0.76 (0.72-1) 0.78 (0.56—0.93) 1
0.86+0.06 0.88 +£0.08 2.69+0.29 2.61+0.50 0.86+0.67 0.80+0.12
’ 0.84 (0.32—0.92) 0.81 (0.30-0.93) 3.15(0.50-3.08)  2.98 (0.89-3.29) 0.62(0.52-0.97) 0.62 (0.28—0.88) 30
0.77+£0.15 0.78 +£0.19 2.17+0.57 2.57+0.72 0.78+0.14 0.68+0.17
3 0.95 (0.60—0.95) 0.96 (0.84-0.95) w359 (1.11-3.55) 394 (2.37-3.53) ., 0.72(0.62-0.95) 0.80 (0.64-0.89) 1
0.85+0.10 0.92 +0.03 2.48+0.66 2.98+0.32 0.84+0.06 0.82+0.07
Reservoirarea 4 0.94 (0.41-0.92) 0.83 (0.71-0.92) * 3.58(0.99-2.88)  2.88(1.82-3.28) ., 0.70(0.34-0.93) 0.61 (0.58-0.93) 36
0.77 £0.15 0.86 £ 0.05 2.21+0.57 2.64+0.36 0.71+0.17 0.74+0.08
5 0.89 (0.35-0.93) 0.94 (0.73-0.94) 3.03(0.94-2.91) 3.52(1.72-3.35) 0.61 (0.36-0.95) 0.76 (0.51-0.94) 36
0.80+0.14 0.85+0.058 2.22+0.57 2.49+0.42 0.78+0.13 0.76+0.11
A 0.91 (0.62—0.91) 0.83 (0.48-0.90) 3.17 (1.04-2.66)  2.42 (0.67-2.46) 0.74 (0.67-1) 0.62 (0.55-1) 24
0.80+0.10 0.71£0.12 2.01+£0.62 1.57+0.54 0.88+0.09 0.84+0.15
B 0.92 (0.61-0.90) 0.90 (0.48-0.87) 3.04 (1.15-2.47)  2.87(0.67-2.58) 0.78 (0.69—0.98) 0.69 (0.62—-1) 24
0.77+£0.10 0.77+0.11 1.84+0.45 1.81+0.48 0.85+0.09 0.86+0.12
6 0.93 (0.58—0.94) 0.92 (0.60—0.90) 3.33(1.25-3.20)  3.17 (1.36—2.90) 0.71 (0.49—0.88) 0.70 (0.55-0.96) 36
0.79+0.10 0.80 +0.09 2.14+0.52 2.16+0.46 0.74+0.11 0.77+0.12
Downstream 7 0.96 (0.75—0.94) 0.95 (0.67-0.94) 3.98 (2.18-3.23)  3.63(1.50-3.24) 0.81(0.67-0.91) 0.79 (0.76-0.97) )3
reservoirs 0.88+0.05 0.88+0.07 2.69+0.29 2.61+£0.50 0.83+0.07 0.85+0.06
C 0.91 (0-0.85) 0.90 (0.50-0.86) 2.89 (0—2.32) 2.87 (0.69-2.37) 0.77 (0.65—0.94) 0.75 (0.57-1) 24
0.62+0.23 0.70+0.13 1.36+0.66 1.50+0.50 0.83+0.10 0.86+0.15
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Table 3. Non-metric multidimensional scaling (nMDS) results (% of capture — R” and stress) of fish assemblages
composition basead on the Bray-Curtis metric of dissimilarity, PERMANOVA test and ANOVA test before and
after dams closure in Madeira River. Significance in each local are marked with a line (p-value).

4 , PERMANOVA ANOVA
Sites R stress
Pseudo-F  P-value F P-value

1 051 0261 1.729  0.001 11.206 0.005

2 055 0258 2385  0.001 14.276 0.000

3054 0216  2.763 0.001 16.476 0.000

Reservoirs area 4 067 0177 2.981 0.001 1.021 0319
5 051 0260 2912 0001 0353 0.556

A 049 0.188 1.053 0351  0.105 0.748

B 042 0246 1276 0.061 0424 0.521

6 046 0259 1252 0086 1.001 0.324

Downstream 7 053 0247 1327 0.051 12,941 0.001

reservoirs

C 053 0215 1.526  0.032 0.111 0.741
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A WN PP

542 Table 4. Mean (range) of environmental characteristics in the sampling periods before and after dams closure in Madeira River. *Variables that showed significant differences (¢-student test or
643  Mann-Whitney test) among prior to, and after dams closure. * P < 0.05; ** P <0.01 and *** P < 0.001.
344

8 Reservoirs Downstream reservoirs
Local

9 Tributaries Main channel Tributaries Main channel

10 PERMANOVA Pseudo-F = 14.025, P=0.001 Pseudo-F = 6.808, P=10.001 Pseudo-F =1.124, P =0.356 Pseudo-F =1.695, P=0.112
11 Variables mean (range) n=166 mean (range) n=48 mean (range) n=64 mean (range) n=24
12 PRE POST PRE POST PRE POST PRE POST

13vater speed (m/s) <0.1 <0.1 1.05(0.32-1.75)  0.68 (0.1-1.27)  ** <0.1 <0.1 1(0.72-1.43) 0.87 (0.49-1.09)

14y ater transparency (m) 120 (0.3-2.08)  1.12(0.1-6.30)  **  0.16 (0.05-0.50)  0.15 (0.05-0.56) 0.5 (0.06-1.5)  0.45 (0.1-1.08) 15 (8-32) 11.8 (6.4-17.6)

18yidth (m) 32 (8-80) 399 (6-1680)  ***  877(324-1,386) 885 (332-1,594) 85.4 (1.5-291) 86.3(10-302) 1,161 (846-1,625) 1,090 (590—1,364)

1®eep (m) 5.7(1-13.3) 6 (1.5-15) 13.5(5.9-23.1)  13.9(3.7-19.2) 57(14-19)  4.6(1-102)  10.8(5.8-17.3) 10.3 (6.2-16.4)

1 rurbidity (UNT) 12.2(1.88-126) 363 (1.1-372)  *** 180 (39.2-428.6) 255 (48.3-879) 127 (1.7-651) 72 (7.8-447) 201 (71-534) 267 (61-710)
onductivity (uS/cm) 9.7(1-32.1)  25.1(6-111.5) *** 72.6(32-1354) 61.5(23.4-115.5) 37.1 (3-110) 36 (4-104) 67.3(26.2-128)  68.2(29.6-116.8)
H 5.9 (4.4-7.9) 6.2 (4-7.9) * 6.9 (5.7-7.9) 7.04 (6.2-7.7) 62(52-7.5)  64(5.5-7.5) 6.9 (6.3-7.9) 7.1 (6.3-7.7)

3 issolved oxygen (mg.I") 43 (1.5-9.7) 5.3(1-9.8) # 386(0.43-7.9)  527(0.25-9.1) *  39(1.3-6.9) 48(1.13-7.7)  5.85(2.40-7.9) 7.22 (4.9-8.9)

- Jemperature 26.7(23.9-31.2) 28(23.9-36.2) ***  28.3(25.4-31)  28.2(24.7-31.6) 28.2(25.5-32) 28(25.5-32.2) 283(25.7-30.5)  28.0(25.6-29.8)

%
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42 21
43
44
45
46 John Wiley & Sons, Ltd
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546  Table 5. Regression of fish compositional (NMDS scores) against explanatory variables (Log;o) related to the
547  floodplain fish assemblages from reservoir area prior to, and after damming Madeira River. Variables that
548  showed significance in each model are marked with a line (p-value).
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549
MOD-1 MOD-2 MOD-3 MOD-4
Reservoir Pelagic Reservoir Benthic Downstream Pelagic Downstream Benthic
Variables R =0.246; P <0.001 R*=0.27; P <0.05 R*=0.39; P <0.001 R*=0.39; P<0.05
AIC = 30.440 AIC =0.88 AIC =16.573 AIC=8.415
Regression Regression Regression Regression P
coefficients (B) coefficients (B) coefficients (B) coefficients (B)
Water speed (m/s) not included -0.080 0.830 not included -0.724 0.300
Water transparency (m) 0.063 0.317 -0.420 0.311 -0.005 0.975 -0.023 0.960
Width (m) 0.050 0.099 -0.141 0.684 -0.149 0.105 0.263 0.807
Depth (m) 0.128 0.035 -0.551 0.207 0.492 0.000 -0.089 0.924
Turbidity (UNT) 0.066 0.114 0.116 0.794 0.004 0.955 0.075 0.810
Conductivity (uS/cm) 0.152 0.008 0.142 0.693 0.132 0.280 0.192 0.563
pH -0.124 0.681 5.032 0.165 -0.229 0.832 4.700 0.112
Temperature 1.921 0.004 -1.431 0.669 -2.106 0.148 3.646 0.187
550
22
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Fig. 1. Study area and the sampling sites in Jirau reservoir area (1 - Mutum-Parana River, 2 - S3o Lourenco
Creek; in Santo Antonio reservoir area (3 - Karipunas Creek, 4 - Jaciparana River, 5 - Jatuarana Creek), and
downstream river sections (6 - Belmont Creek and 7 - Machado River). Main channel transects A - Jirau
reservoir area, B - Santo Antonio reservoir area and C - downstream dams.
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Fig. 2. Time series for richness, abundance (ind/431m2/24h) and biomass (weight/431m2/24h) of pelagic
fish assemblage sampled by gillnets (1 to 7, indicated on the right side) before and after dams closure in
Madeira River. Dashed line indicates the Santo Ant6nio dam closure.
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Fig. 3. Time series of Shannon (H’), Pielou’s J and Simpson’s (D) diversity indices for pelagic fish
assemblage sampled by gillnets sites (1 to 7, indicated on right side) before and after dams closure in
41 Madeira River. Dashed line indicates the Santo Ant6nio dam closure.
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Fig. 4. Time series richness, abundance (ind/10min/trawlling), diversity index Shannon (H’), Pielou’s J and
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Fig. 6. Comparison among scores of non-metric multidimensional scaling analysis (first two NMDS
dimensions) and the environmental variables (Log10) that showed significant differences (regression models
1, 3 and 4, see Table 5) before and after dams closure in Madeira River. White points (before) and black

Page 28 of 28



CONSIDERACOES FINAIS

As primeiras respostas da ictiofauna em relagdo aos empreendimentos instalados no rio
Madeira ocorreram com diferentes intensidades de acordo com o habitat da assembleia de
peixes. A ictiofauna associada ao canal principal do rio Madeira ndo apresentou alteracfes
importantes na area dos reservatorios. Duas hipOteses foram apresentadas para explicar a
resisténcia dessa ictiofauna perante os empreendimentos, (i) poucas mudangas ambientais nesse
habitat e (ii) espécies dos habitats presentes na area do reservatorio supostamente possuem
baixa ou nenhuma capacidade de ocupar nichos tdo especificos relacionados as espécies do
fundo do canal do rio.

Ao contréario do que foi observado para a assembleia de peixes do canal, alteracOes
imediatas foram detectadas na ictiofauna associada as planicies de inundacdo. O aumento de
riqueza, abundéncia e diversidade nessa assembleia sdo esperados para essa fase heterotrofica
e inicial da formacao de reservatdrios classicos, quando ocorre um input de matéria organica
no sistema (ver Petrere, 1996; Agostinho et al., 2008; Gao et al., 2010; Agostinho et al., 2015;
Lima et al., 2015). A Unica excecdo foi observada para a assembleia de peixes de planicie
inundavel no rio Mutumparana (diferencas observadas apenas para riqueza de espécies, e.g.
Tabelas 01 e 02, capitulo 1), posicionado no extremo montante do reservatério de Jirau e
diretamente conectado com o trecho encachoeirado de 130 km remanescente da construcao das
usinas em cascata no rio Madeira. E de grande importancia manter esse trecho de corredeiras
intacto, possivelmente isolando os efeitos deletérios dos reservatorios. Alterac6es na ictiofauna
desse habitat foram relacionadas as alteracdes fisico-quimicas nas aguas dos afluentes do antigo
trecho de corredeiras.

Imediatamente a jusante de barragens € esperado um impacto na ictiofauna, podendo ser
observado ja nos primeiros anos apos o barramento do rio (Lima et al., 2015). Nos trés primeiros
anos apos o barramento do rio Madeira ndo foram observadas alteragfes significativas na
ictiofauna associada a planicie de inundagdo imediatamente a jusante dos empreendimentos. A
jusante dos barramentos foi detectada a inclusdo de espécies reconhecidamente marginais
(espécies presentes em praias e na vegetacao riparia) na assembleia de peixes associada ao canal
principal do rio Madeira, justificando a modificacdo pontual da estrutura da assembleia de
peixes do fundo do canal do rio Madeira no transecto C (e.g. Fig. 05, quadro C, capitulo 1). A
inclusdo dessas espécies foi atribuida as mudancas no fluxo principal do rio Madeira, com
consequente desbarrancamento das margens na regido imediatamente jusante da UHE de Santo
Antobnio (Fearnside, 2014).
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A tese demonstra que generalizagcdes sobre impactos causados por barramentos ocultam
respostas associadas a enorme heterogeneidade dos rios e da paisagem Amazonica. Avaliar
novos modelos hidrdulicos desenvolvidos e aplicados em rios de declividade ndo abrupta pode
minimizar ou retardar alguns impactos, abrindo uma discussdo sobre modelos alternativos para
a construcdo de hidrelétricas na Amazoénia. Alem disso, a implementacdo do método de arrasto
benténico em estudos de monitoramento deve ser considerada como essencial, uma vez que
esta ictiofauna exclusiva responde de forma distinta ao que tem sido observado até entdo para
0s demais habitats e ndo € capturada por metodologias tradicionalmente implementadas nesses
estudos como redes de espera, redes de cerco e pucas. Os reservatorios de Jirau e Santo Antdnio
constituem ambientes novos para a ictiofauna local. O panorama aqui apresentado é o resultado
de alteracdes ocorridas em um espacgo de 160 km (distancia fluvial entre Santo Anténio UHE e
Foz do rio Mutumparana) em um tempo considerado curto para a vida Gtil de um reservatorio,
e um periodo de estudo que ndo contempla a expectativa de vida da maioria das espécies
envolvidas no estudo (como exemplo, espécies de ciclo de vida longo como os grandes bagres
Brachyplatystoma spp.). Neste sentido, respostas conclusivas sobre a nova organizagdo da
ictiofauna somente podera ser obtidas no futuro, ap6s monitoramento da fase em que seja

possivel o entendimento da “estabilizagdo ambiental” de ambos reservatorios no rio Madeira.
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MEMORIAL DO DOUTORADO

Durante o desenvolvimento do corpo principal dessa tese de doutorado elaborei cinco trabalhos
sobre padrdes naturais da ictiofauna do rio Madeira e um trabalho de registro das corredeiras e
cachoeiras da regido estudada. Estes apesar de importantes para a compreensdo das possiveis
modificagcdes que virdo ocorrer no grupo alvo desse estudo, ndo estdo vinculados diretamente a
questdo central da tese, e por isso ndo foram incluidos como capitulos no presente documento.
Dados gerados acerca da condicdo pristina as modificagdes do sistema do rio Madeira
representam um marco histérico para a ictiofauna da regiao e servirdo para futuras comparacoes
e avaliacGes dos impactos promovidos pelas UHES tanto na ecologia quanto na pesca.

Um estudo inédito de identificacdo e revisdo taxondmica das espécies associadas ao
canal principal do rio Madeira foi realizado. Como resultado publiquei, juntamente com o
especialista/sistemata do grupo taxondmico avaliado (Gymnotiformes), cinco capitulos no
livro Peixes do rio Madeira (Queiroz et al., 2013, capitulos 40, 41, 42, 43 e 44, volume 3,
disponiveis online em www.santoantonioenergia.com.br/peixesdoriomadeira).

Ainda no livro Peixes do Rio Madeira, desenvolvi um trabalho de registro histérico das
corredeiras e cachoeiras do antigo trecho de corredeiras do rio Madeira, na por¢éo brasileira da
bacia  (Queiroz et al, 2013, capitulo 3, disponivel online em
www.santoantonioenergia.com.br/peixesdoriomadeira). Esse trecho de aproximadamente 290
Km do rio Madeira tinha grande importancia na distribuicdo e movimentacdo da ictiofauna da
bacia, atuando como um filtro ecoldgico (ver Torrente-Vilara et al., 2011). No ano de 2011 a
maior parte desse trecho de corredeiras foi afogado pelos reservatérios das UHES Jirau e Santo

Antonio.
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Sem duvidas a maior riqueza da minha regido é o Rio Madeira (Foto Diogo Barbalho Hungria).
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