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“O juruna nao existe sem o Xingu e o Xingu
nao existe sem os jurunas... O Xingu pede
socorro, a gente esta lutando, mas o governo
nao quer ajudar. Nao entendo as vezes qual o
objetivo desse tal de desenvolvimento, que
destréi uma coisa tdo importante que € a
nossa natureza, 0s nossos rios, tudo em prol
de desenvolvimento ”.

Bel Juruna, 05/04/2018.



Aos meus pais e minha irm&, vocés sdo a
razdo da minha vida. E ao Xingu, por ser essa
forca e continuar resistindo.
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Resumo

A bacia amazonica constitui um tipico sistema de pulsos de inundag&o, e vem sendo impactada
pela construgdo de diversas barragens para a producdo de energia elétrica em diversos dos seus
principais afluentes. Essas alteracdes sobre os ambientes fluviais impacta toda a biota do local,
especialmente os peixes. Consequentemente, as populacdes humanas da Amazo6nia também séo
afetadas, visto que elas dependem do peixe como principal fonte de proteina animal. O rio
Xingu configura-se como um dos alvos da producdo de energia elétrica, sobretudo com a
construcdo da Usina Hidrelétrica (UHE) Belo Monte. O presente trabalho tem como objetivo
analisar a ecologia trofica dos pacus (Serrasalmidae) com base no conhecimento tradicional
local dos indigenas Yudja do médio rio Xingu, e de uma descri¢do quali-quantitativa da dieta
desses peixes. O trabalho foi realizado na Volta Grande do Xingu (VGX), onde fica a Terra
Indigena Paquicamba. Os estdmagos foram provenientes de pescarias para consumo desses
indigenas em dois periodos do ciclo hidroldgico (seca/cheia), logo apds as pescarias 0s pacus
foram pesados e identificados, e o trato gastrointestinal coletado. Também foram obtidas
informacBes com os Yudja sobre a alimentacao dos pacus. Além disso, 0s Yudja cederam dados
de espécimes de pacus de antes do barramento do rio Xingu provenientes do monitoramento
pesqueiro da Aldeia Miratu. Os itens alimentares encontrados nos estdmagos foram
identificados e pesados, essas informacdes foram utilizadas para a realizacdo do céalculo de
Importancia Alimentar. As informagdes de peso e comprimento dos pacus foram usadas no
calculo do indice de Fulton para a verificacdo do bem-estar fisioldgico dos espécimes. Foram
coletados 133 individuos no pos-barramento e obtidos os dados de 107 individuos no pré-
barramento, de 8 espécies taxondmicas, pertencentes aos géneros Myleus, Myloplus, Ossubtus
e Tometes. Houve uma predominéancia de plantas al6ctones e frutas na dieta dos pacus durante
os dois periodos, e também macroalgas na cheia. Os yudja descreveram alguns itens da dieta
dos pacus, assim como descreveram que os pacus estao “mais magros” apos a UHE Belo Monte.
Informacgdes corroboradas pela comparacdo dos fatores de bem-estar fisiologico, peso e
comprimento de antes e ap6s o barramento, que demonstrou que 0s pacus da VGX ja estdo
sendo impactados pelo empreendimento. Os resultados comprovam que 0S pacus Sao
dependentes do pulso de inundacdo para a sua alimentacdo, e que possivelmente o amonte de
agua que esta sendo convertido para a VGX seja insuficiente para a manutencdo dessas espécies
de pacus e, consequentemente, dos Yudja da VGX, visto que 0s pacus representam a maior
fonte de alimento de proteina dessas comunidades. Dessa forma faz-se necessaria uma revisdo
do hidrograma proposto para a regido, a fim de evitar impactos maiores e irreversiveis para
essas comunidades, assim para o0 ecossistema aquatico.

Palavras-chave: frugivoria, planicie de inundacdo, pesca artesanal, seguranca alimentar,
Impacto; Barragem; Conhecimento tradicional.
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1. INTRODUCAO GERAL
1.1. Ecologia de sistemas fluviais inundaveis

Os rios séo corpos de aguas correntes que possuem uma calha principal por onde passam
ndo somente agua, mas também substancias organicas e inorganicas transportadas pela forca da
correnteza (Junk, 1980). Alem da calha principal do rio, alguns sistemas fluviais possuem areas
alagaveis (ou igap0s e varzeas), que pelo rio sdo influenciadas diretamente durante as
inundacgdes sazonais. Segundo Junk & Wantzen (2004), a variacdo sazonal do nivel de 4gua do
rio € chamada pulso de inundacdo, onde ha uma relacdo intrinseca entre o aporte de nutrientes
presentes no rio e nas areas alagadas por ele. A partir dessa variacdo do nivel da agua que
matérias aldctones, aqueles provenientes do meio externo, entram no sistema aquéatico e
participam diretamente na produgdo primaria desse ambiente juntamente com oS materiais
autoctones, oriundos do proprio rio (Junk & Wantzen, 2004). Por consequéncia, o pulso de
inundacdo aumenta a produtividade do sistema aquatico, fazendo com que esse ciclo seja
determinante para a composi¢do e ambuléncia da fauna e flora existentes (Junk & Wantzen,
2004).

No conceito de pulso de inundacdo admite-se que a area alagavel é responsavel por boa
parte da producdo primaria e secundaria do sistema (Junk & Wantzen, 2004). Os rios € as areas
alagaveis apresentam uma relacdo de interdependéncia, pois aqueles dependem do material
aléctone para manutencdo da alta produtividade e estas dependem do rio, pois ele é responsavel
pelo transporte dos nutrientes produzidos (Junk & Wantzen, 2004). Além disso, o pulso de
inundacdo na Amazonia possui também importancia pois ele influencia na composicao fisico-
guimica da agua, assim como na distribuicéo espacial dos organismos (Almeida & Melo, 2009).

A flora e a fauna presentes nas areas fluviais alagaveis possuem um ciclo de vida
diretamente interligado a variacdo dos niveis da agua (Junk, 1980; Junk & Wantzen, 2004;
Correa et al., 2015). Um exemplo dessa ligacdo sdo as macrdfitas aquaticas, pois durante o
periodo em que o nivel do rio estd baixo essas plantas podem permanecer como esporos e
sementes, ou até mesmo iniciar a fase de vida terrestre. Em contrapartida, ao longo da enchente,
as macrofitas possuem um desenvolvimento acelerado e uma alta taxa de reproducdo (Junk,
1980). Além disso, algumas espécies arboreas possuem seu periodo de producdo de sementes
durante a enchente para a facilitagdo da dispersdo através da correnteza ou de animais do rio
(Junk, 1980; Junk & Wantzen, 2004; Correa et al., 2015).



Além disso, o pulso de inundacdo é importante para a fauna aquética, pois esses animais
necessitam desse ciclo para acessar 0os ambientes sazonalmente disponiveis para reproducéo,
forrageamento e abrigo (Junk, 1980). Dessa forma, quando as aguas do rio sobem, 0s animais
que estdo em sua calha principal tém acesso a diferentes fontes de alimento na floresta inundada
(Junk, 1980; Magalhdes et al., 2015). Nesse viés, Magalhdes et al. (2015) em seu estudo na
Reserva de Desenvolvimento Sustentdvel Mamiraud, perceberam forte alteracdo das dietas do
peixe-acard (Cichlasoma amazonarum) e mugum (Synbranchus marmoratus) em diferentes
niveis de inundacdo. Durante a cheia, estes peixes se alimentavam principalmente de Odonata
e insetos hemipteros que possuiam relagcdo com as macrdéfitas aquéticas, por outro lado, durante
a seca ambos consumiram insetos e peixes, sendo que o acara também ingeria material vegetal
e crustaceos (Magalhaes et al., 2015). Por consequéncia, 0s impactos nessa relagdo podem
afetar muito além do que apenas 0s peixes, mas também toda a estrutura das florestas alagaveis,
visto que alguns desses peixes desempenham um importante papel como dispersores de
sementes, tais como o Piaractus mesopotamicus (Galetti et al., 2008). Entretanto, essa ictiocoria
¢ pouco conhecida e vem sendo ameacada por acdes antrépicas (Galetti et al., 2008; Correa et
al., 2015) tais como barragens e sobrepesca.

Além da alimentacdo, a reproducdo dos animais de rios com pulso de inundagdo também
depende da variacdo dos niveis fluviais (Zacardi et al., 2017). Espécies como o curimata
(Prochilodus nigricans) utilizam os ambientes inundaveis para a reproducédo, desovando apenas
durante o periodo de cheia quando os seus ovos e larvas sdo carreados para as areas alagadas
onde se alimentardo e protegerdo contra predadores (Zacardi et al., 2017). Tal fato ocorre
devido as areas inundaveis aumentarem a disponibilidade de espaco e microhébitat, tornando-
as locais de abrigo e protecdo para diferentes espécies (Junk et al., 1989). Portanto, a fauna
aquatica que utiliza areas sazonalmente alagaveis depende desses locais. Logo, qualquer
alteracdo que ocorra nesses ambientes pode ser decisiva para a manutencao, ou nao, da biologia
dessas espécies aquaticas.

Essa relacdo entre as florestas sazonalmente alagaveis, o rio e 0s animais gera um ambiente
unico com alta produtividade bioldgica e pesqueira. De fato, no periodo de cheia as areas
inundaveis sazonalmente possuem uma maior densidade de peixes, que vdo em busca de
alimento, locais de reproducdo e protecdo, contribuindo dessa forma para uma maior
produtividade (Welcomme & Halls, 2004). Alguns estudos relatam que anos com um pulso de
inundacdo mais intenso ou mais duradouro sdo normalmente anos com maiores estoques
pesqueiros, demonstrando ndo apenas a importancia ecologica do pulso de inundagdo, mas

tambem relevancia econdmica (Welcomme & Halls, 2004; Resende, 2008).



1.2. Barragens e sua a interacdo com a fauna aquatica

A ecologia dos organismos aquaticos € diretamente impactada pelas alteracGes causadas na
duracdo, intensidade e frequéncia do pulso de inundacdo devido a construcdo de barragens
(Agostinho et al., 2004; Winemiller et al., 2016). De fato, a alteracdo do pulso de inundacéo
pode diminuir a biodiversidade local (Magilligan & Nislow, 2005), uma vez que essa alteracéo
podera diminuir o acesso da fauna aquatica as fontes de alimentos, aos locais de reproducéo e
aos habitats presentes nas florestas alagaveis (Agostinho et al., 2007).

A construcdo de uma barragem transforma ambientes I6ticos em Iénticos, alterando a
dindmica fisico-quimica da agua (Welcomme, 2008). Como resultado da construgdo de
barragens, na porcdo a montante forma-se um reservatério, sendo esse um principais impactos,
pois a &gua represada € liberada artificialmente, fazendo com que a porcéo a jusante fique com
sistema de pulso de inundagdo imprevisivel (Welcomme, 2008).

Welcomme (2008) relata diferentes impactos que a alteragéo do pulso pode gerar, tais como:
(i) o atraso da ocorréncia do pulso (que afetaria a migracéo e reproducéo de alguns peixes); (ii)
uma duracdo menor do pulso de inundacéo (impactando o crescimento da fauna e da flora de
florestas alagaveis); e (iii) a alteracdo rapida do nivel da agua (que inundaria ninhos de
quelbnios ou outros animais, assim como poderia dissecar ovos de peixes que estdo anexados a
vegetacdo). Além disso, a alteracdo do pulso de inundacao pode levar a morte das plantas e de
florestas alagaveis, bem como leva a reducdo da biodiversidade e dos estoques pesqueiros,
afetando, dessa forma a sobrevivéncia das populagdes ribeirinhas da regido (Junk & Mello,
1990; WCD, 2000).

Além disso, as barragens causam o empobrecimento de nutrientes nas areas a jusante, pois
esses ficam retidos no reservatorio (Ziv et al., 2012). Essa reducdo de nutrientes afeta a biota
local, dado que a produtividade é reduzida por consequéncia da menor disponibilidade de
nutrientes (WCD, 2000).

1.3. Etnoconhecimento no estudo de impactos ambientais

O conhecimento das comunidades tradicionais vem sendo cada vez mais incorporado em
estudos integrados (Huntington, 2011), posto que essas comunidades conhecem o ambiente por
uma longa escala de tempo e podem descrever as mudangas ocorridas (Hallwass et al., 2013).
Estudos em etnoecologia sdo muitas vezes responsaveis por trazer a luz informacdes sobre a

ecologia de algumas espécies que ainda sé@o desconhecidas pela ciéncia (Huntington, 2000;



Silvano et al., 2008; Begossi et al., 2011), e até mesmo ajudam na descri¢do de novas espécies
(Andrade et al., 2016).

Trabalhos de monitoramento realizados em parceria com as comunidades tradicionais
geralmente usam métodos de facil aplicacdo por essas comunidades, utilizando, por exemplo,
a propria caga ou pescaria para monitoramento (Moller et al., 2004). Outro fator positivo de
estudos com o conhecimento tradicional ecologico é que o uso desse conhecimento pode ser
considerado uma forma de obtencdo de informacGes mais econémica (Jones et al., 2008) e
rapida (Hallwass et al., 2013) do que métodos cientificos tradicionais.

Entretanto, é importante ressaltar que o conhecimento tradicional ecolégico ndo pode ser
tratado como uma verdade inquestionavel, ele deve ser estudado e observado para se evitar a
ocorréncia de opinides tendenciosas tanto por parte da fonte de conhecimento quanto por parte
do pesquisador (Huntington, 2000; Silvano & Valbo-Jgrgensen, 2008). Por outro lado, o uso
do conhecimento tradicional em casos como de construgdes de barragens com a auséncia de
estudos prévios ou posteriores apropriados é de extrema valia (Hallwass et al., 2013), visto que
esse conhecimento sera capaz de gerar uma linha do tempo das mudancgas sofridas pelo meio

ambiente local.

1.4. A Volta Grande do Rio Xingu: impactos da Usina Hidroelétrica Belo Monte e grupo

Pacu (Serrasalmidae)

A regido da Volta Grande do Rio Xingu (VGX), assim como toda a bacia do rio Xingu e do
Amazonas, apresenta a dindmica sazonal caracteristica de pulsos de inundagdo (Freitas et al.,
2015), mas que vem se alterando com a implantacdo da Usina Hidroelétrica (UHE) Belo Monte
(Jaichand & Sampaio, 2013). A partir de 2019/2020, quando a UHE Belo Monte estara em
pleno funcionamento, o fluxo do rio Xingu sera reduzido em 80% na regido da VGX (Jaichand
& Sampaio, 2013), gerando impactos sobre o pulso de inundagdo, sobre as populagcdes
tradicionais e sobre a biota da regido.

A implementacdo da UHE Belo Monte incluiu a criacdo de um canal artificial para desvio
de parte da agua do Rio Xingu para um reservatorio complementar, fazendo com que um trecho
de cerca de 100 km do rio Xingu, correspondente a VGX, ficasse em um sistema de vazéo
reduzida (Pezzuti et al., 2018). Por conseguinte, todo o sistema de cheia e seca do rio na area
de vazdo reduzida ficou incerto. Entretanto, como uma forma de manter esse regime de variagéo
do nivel do rio, foi estabelecido um hidrograma de consenso que determina o volume de agua

que deve ser liberado para a VGX (Pezzuti et al., 2018). Essa estratégia de liberacdo de agua



para a manutencdo do pulso de inundagéo ja vem sendo aplicada em carater experimental em
outras barragens (Welcomme & Halls, 2004). Contudo, para que essa liberacdo controlada de
agua realmente funcione como planejado é necessario um estudo minucioso sobre a ecologia
local, o que na maioria dos grandes projetos de barragens ndo ocorre (Welcomme & Halls,
2004).

Na regido da VGX existe uma grande diversidade de peixes (Magalhées et al., 2016) que
sdo a base da alimentacdo das comunidades tradicionais da VGX, tais como curimatd
(Prochilodus nigricans), tucunaré (Cichla spp.), pacus e piranhas (e.g. Myloplus spp.) (Carneiro
& Pezzuti, 2015). Dentre estas se destacam 0s pacus, que sdo um dos elementos basicos da
alimentacdo ribeirinha local e representam parte importante do comércio de peixes para
consumo (Magalhdes et al., 2016). Os pacus, representantes da ordem Characiformes e familia
Serrasalmidae, representam cerca de 16 espécies presentes na VGX (IBAMA, 2009). Esses
peixes possuem, em sua maioria, habito alimentar herbivoro/frugivoro e, assim, séo
considerados importantes dispersores de sementes (Galetti et al., 2008; Anderson et al., 2009;
Correa et al., 2015).

A alimentacdo e reproducdo desse grupo € influenciada pelo pulso de inundacdo que esta
sendo alterado pelo barramento e desvio do rio, e com o nivel da dgua baixo esse grupo ndo
tera acesso ao alimento no igapé na VGX (De Francesco & Carneiro, 2015). Assim, pelo fato
dos pacus fazerem parte da dieta das comunidades tradicionais que vivem na regido da VGX,
qualquer alteracdo sobre esse grupo pode afetar diretamente a alimentacdo dessas comunidades.
Na regido da VGX, ja vem sendo realizado um monitoramento participativo do estoque
pesqueiro da regido, em que os indigenas da Aldeia Miratu (Volta Grande do rio Xingu, Pard)
catalogam as préprias pescaria, 0 qual demonstra a grande importancia dos pacus para as

comunidades locais (Carneiro & Pezzuti, 2015).

2. OBJETIVOS

Geral

Analisar a ecologia tréfica dos pacus (Serrasalmidae) através do conhecimento tradicional
local (CTL) dos indigenas Yudja do médio rio Xingu, e de uma descri¢do quali-quantitativa da
dieta desses peixes, com a analise do contetdo estomacal desses peixes.

Especificos

e Descrever o CTL sobre a ecologia tréfica dos pacus, procurando integrar este

conhecimento com o observado no estudo biologico da analise do contetdo estomacal,



e Comparar a composicao da dieta das espécies entre os periodos de seca e cheia do rio
Xingu apos o barramento através de analise de contetdo estomacal, apresentando os
itens alimentares mais importantes para cada espécie e para as assembleias de pacus;

e Verificar a similaridade da dieta entre as espécies de pacu;

e Comparar 0 bem-estar fisiologico dos pacus, atraves do Fator de condicdo de Fulton,
entre 0s momentos do antes e depois do barramento, na busca por possiveis alteracdes
sobre 0s peixes apos a constru¢do da UHE Belo Monte.
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Abstract
1. Natural flood pulses deeply affect the Amazon basin, as well as its aquatic wildlife. On the other

hand, the construction of Hydropower Plants (HPP) has led to changes in the natural water flow,
changing food availability for animals, and consequently affecting the entire ecosystem. The
analysis of animal diet combined to surveys on traditional knowledge work as efficient tools to
infer the feeding behaviour of fishes, mostly species that are important as food supply for people
throughout the Amazon.

2. The Xingu River is facing impacts from the recently built Belo Monte HPP, which is jeopardizing
the pacus (herbivorous fish of the family Serrasalmidae and primary food source for the Yudja
people) derived from the Big Bend of Xingu (BBX). Thus, this study aims to analyse the trophic
ecology of pacus through the traditional knowledge of the Yudja people using a qualitative-
guantitative approach on the diet of this fish, and check potential changes in fish welfare after the
construction of the Belo Monte HPP.

3. Overall, 133 specimens of eight herbivorous serrasalmid species were sampled after the damming

of the Xingu River, and previous data on 107 fish specimens were gathered from landings.
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Allochthonous plants, fruits, and macroalgae have the highest dietary importance for these fish,
indicating the great importance of floodplains and rapids for herbivorous serrasalmids.
Wellbeing, body size, and total mass show that these fish have already been negatively affected
by the damming of the Xingu River. These impacts are thus already being felt by the Yudja.

4. The current water flow in the BBX is meagre for fish maintenance, and consequently, for the
Yudjé people in BBX. Therefore, a hydrograph revision is required to avoid irreversible impacts.

Keywords: Belo Monte, Xingu, hydrological cycle, local ecological knowledge, hydropower, impacts.

1. Introduction

Amazonian rivers are influenced by rainfall regime associated to the seasonal flooding of vast
floodplain areas, which is the major factor responsible for the input of allochthonous sources in the fluvial
system (Junk et al., 2011). The life cycles of fauna and flora are connected to variation in water level
resulting from these natural flood pulses (Horn et al., 2011). Floodplain vegetation reproduces in
synchronicity with flood pulses, and many plant species are dependent on changes in water level to
disperse their seeds, either by water flow or by aquatic animals (Horn et al., 2011). Aquatic wildlife such
as fishes has its assemblages structured by flood pulses, which provide several habitats for feeding,
shelter, and spawning (Ferreira, Vicentin, Costa, & SuUarez, 2014; Freitas et al., 2015; Zacardi,
Bittencourt, Nakayama, & de Queiroz, 2017).

In spite of the value of flood pulses to the Amazon environment, there have been constant changes
generated by the construction of Hydropower Plants (HPP) (Winemiller et al., 2016). HHPs are
responsible for changes in the natural flood pulse of rivers, which consequently result in environment
loss due to the lack of regular connection with the river system (Welcomme, 2008). Changes in this
connection negatively affect fish assemblages by reducing or obliterating food sources and spawning

areas (Winemiller et al., 2016).
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The construction of HPPs in Amazonian rivers. particularly the recently dammed Xingu River by
Belo Monte HPP, has caused far-reaching changes in the landscape (Sabaj Perez, 2015). Fishes are
considered the primary protein source for traditional communities of the Xingu River (De Francesco &
Carneiro, 2015; Pezzuti, Carneiro, Mantovanelli, & Garzon, 2018), similar to the rest of the Brazilian
Amazon, where the highest fish consumption per capita is found worldwide, reaching impressive 170
kg/person/year (ISAAC et al., 2015).

Indeed, many fish species are important to support human peoples in the Amazon. Herbivorous
fishes of the family Serrasalmidae play a prominent role as they are primary food source for traditional
communities throughout the year (Carneiro & Pezzuti, 2015; Magalhdes, Silva, & Vidal, 2016).
Moreover, these fishes have great importance in seed dispersal, being a key element in the aquatic system
food chain (Correa, Betancur-R., Mérona, & Armbruster, 2015; Correa, Costa-Pereira, Fleming,
Goulding, & Anderson, 2015; Galetti, Donatti, Pizo, & Giacomini, 2008). Therefore, knowledge of the
feeding ecology of these fishes helps to understand the ecological role of species (Ferreira et al., 2014),
and is important in decision-making processes for environmental conservation (Daskalov, Grishin,
Rodionov, & Mihneva, 2007).

Traditional communities and fish stock have a close relationship, as the former depend on the
latter for subsistence, and the ecological cycle of fishes modulate the life style of local human populations
(Magalhaes et al., 2016; Rebelo, Freitas, & Soares, 2010). Local Traditional Knowledge (LEK) is passed
down over generations, and several ethnoecological studies can generate crucial data on fishes, as well
as on the food chain and important feeding sources (Ramires et al., 2015; Silvano, Silva, Ceroni, &
Begossi, 2008). Therefore, LEK helps define the ecological management system (Ramires et al., 2015;
Silvano et al., 2008), generating essential information for the conservation of fish ecology (Andrade,
Jégu, & Giarrizzo, 2016; Andrade, Sousa, Ota, Jégu, & Giarrizzo, 2016; Begossi et al., 2011; Silvano &

Begossi, 2010; Silvano et al., 2008).
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The present study aims to develop an integrated understanding of the feeding ecology of
herbivorous serrasalmids in the ‘Big Bend’ of Xingu (BBX) region, through stomach content analysis
along with LEK from the Yudja people, an indigenous ethnical group derived from the middle Xingu
River. This study also describes the seasonal variation in fish feeding ecology between dry and wet
seasons after the damming of Xingu River, identifying the primary food sources for serrasalmid species.
Finally, fish size, mass, and welfare from the before-damming period were compared with the period
after the Xingu River damming by Belo Monte HPP to prove the potential impacts on traditional peoples

and aquatic communities.

2. Material and Methods

2.1. Study area
The Xingu River is the main right-bank clearwater tributary of the lower Amazon River basin,

along with the Iriri and Bacaja Rivers (Sabaj Perez, 2015). The present study was carried out at the ‘Big
Bend’ of Xingu (BBX), an area which currently has an altered flood pulse due to the Belo Monte HPP
built in 2016 (Andrade, Sousa, et al., 2016). As the Project involved the deviation of most of the water
flow through a channel and an artificial lake between two dams, the original stretch of the River located
between them, known as ‘Big Bend’ of Xingu (BBX), is undergoing severe impacts of reduced flow
(Figure 1). There are indigenous lands (IL) in this area, Paquicamba and Arara da Volta Grande, which
are directly affected by Belo Monte HPP, as their populations depend on the river for subsistence,
locomotion, and culture (De Francesco & Carneiro, 2015). The indigenous people from the Juruna
ethnicity (or as they prefer, the Yudja, which means the owners of the river in Juruna language) live in
the Paquicamba IL, where there are three indigenous villages: Paquicamba, Miratu, and Furo Seco (De
Francesco & Carneiro, 2015). The present study was assisted by the indigenous people from Miratu
village, and is part of the project for monitoring of fishing landings by the Associacdo Yudja Miratu da

Volta Grande do Xingu (AYMIX) in partnership with the Instituto Socioambiental (ISA), Universidade
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Federal do Para (UFPA), and Universidade Federal de Sdo Carlos (UFSCar), which has been conducted

since 2013 (Carneiro & Pezzuti, 2015; Pezzuti et al., 2018).
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Figure 1: Sites in the Xingu River after the damming by Belo Monte Hydropower Plant in the Big Bend
of Xingu (Volta Grande do Xingu).

2.2. Sampling design
Sampling was carried out in two seasons: dry (October 2017) and wet (April 2018). Samples

were taken from fisheries conducted for local community consumption; hence, they were performed by
people using traditional fishing gear, such as casting nets, gillnets, atiradeira (adaptation of long line),
and screen gillnet, methods described by Mesquita and Isaac-Nahum (2015). Samplings were conducted
in an array of different habitats, including backwaters, rapids, islands, beaches, rocky outcrops,
floodplains, and river channels. After sampling, specimens were provided by fishermen for proper
taxonomic identification, their total length was measured (cm), and they were weighed (g). After that,

the specimens had their entire gastrointestinal tract removed, and stomachs were separated, fixed in a
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10% formaldehyde solution, and kept in labelled plastic bags. The samples were then washed with
running water in the laboratory, preserved in 70% alcohol, identified, and grouped in food categories.
Biometric data from dry and wet seasons of 2014 (before damming) were collected by the Environmental

Basic Plan — Indigenous Component, and were provided by Norte Energia to the AYMIX.

2.3. Diet analysis
Each food item was identified under a stereoscope microscope, weighed on an electronic scale (A&D,

model GR200) with accuracy of 0.0001g. Empty stomachs were counted but excluded from the analysis.
The weight of items were used to calculate the Alimentary Importance index (Ai%), adapted from
Kawakami and Vazzoler (1980): Ai = (FixW1i)/X i (FixWi), where Fi is the frequency of occurrence
of item i and Wi is the weight of item i. To compare diet similarity among species, Ai% values were used
in the similarity analysis using a Bray-Curtis distance, and represented by a heatmap graph. The analyses

were performed using the R software, version 3.5.1 (R Core Team 2018).

2.4. Body mass, size, and condition factor

To compare the physiological condition (welfare) of pacus between before and after the Xingu River
damming, Fulton’s condition factor (K) was calculated using the formula: K = W/TL3, where W is the
total pacus body weight in grams, TL is the total length in centimetres, and 3 is the isometric coefficient.
W and TL data, and K values were compared between before- and after-damming periods comparing the
data from 2014 (before) with 2017-2018 (after damming), and these comparisons also included analyses
regarding dry and wet seasons. Comparisons where tested using an analysis of variance (ANOVA or
Kruskal-Wallis), an a priori analysis of the normality of data using a Shapiro-Wilk test, and these analysis

were performed using the PAST software, version 2.17c (Hammer, Harper, & Ryan, 2001).

2.5. Traditional knowledge on pacus feeding behaviour

Interviews were carried out with all fishermen from Miratu village based on semi-structured
questionnaires about pacus feeding behaviour over the different seasons (dry and wet) and periods

(before and after damming). In addition, questionnaires elicited fishermen’s perception of the
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physiological condition of pacus. Twenty-one fishermen participated in the study; 90% were males, all
inhabit the BBX, and have been fishing for more than 10 years. The food items mentioned in the
interviews were classified as: 1 — fruit (fruits and seeds); 2 — flower (whole flowers and petals); 3 — brush
(leaves, stalks, and barks of trees); 4 — bird (pieces of meat and feathers); 3 — sponge (scraped Porifera);
5 — invertebrates; 6 — macroalgae; 7 — fish. After that, the items mentioned by fishermen were compared
with food items found in the stomach contents of specimens collected using the Shannon-Weaver
diversity index (H’).

Regarding the physiological condition of specimens, questions were made about the season when
pacus was either “thinner” or “fatter”, either “had lost weight” or “had fattened”, or whether they did not
change between before- and after-damming periods. This information was also compared with K values.
A table of comparative cognition was provided (Marques, 2012), where the information provided by the
interviews with fishermen from Miratu village was compared with the food items found in the stomach
contents of pacus and in literature.

3. Results

Overall, data were gathered from 107 and 133 specimens from before and after damming,
respectively (Table 1). Specimens of 8 taxonomic species (and their respective vernacular names in
parenthesis) were found: Myleus setiger (pacu-caranha), Myloplus arnoldi (pacu-peidao or pacu-folha),
Myloplus asterias (pacu-olhudo), Myloplus rubripinnis (pacu-branco), Myloplus schomburgkii (pacu-
cadete), Ossubtus xinguense (pacu-capivara), Tometes ancylorhynchus (pacu-rosa), and Tometes
kranponhah (pacu-curupité). Of the stomachs collected after damming, 11 empty stomachs were
removed from the analysis.
Table 1: Average and standard deviation of total length (TL) and weight (W), number of specimens

(N) collected in the Big Bend of the Xingu River during dry and wet seasons and before- and after-
damming periods.

Dry Wet
N TL (cm) W (g) N TL (cm) W (g)
Before damming

Species
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Myleus setiger 5 16.8+15 98.0+35.6 7 20.7£3.9 152.9+123.2
Myloplus rubripinnis 36 27.8+6.2 643.1+425.6 |16 31.9+45 1104.7+216.8
Myloplus schomburgkii 5 17.6£1.3 130.0+27.4 19  19.9+20 1090.5+399.6
Ossubtus xinguense 2 31.0+£11.3 1150.0+1202.1 | 5 21.6%1.1 930.0+120.4
Tometes kranponhah 2 29.0£15.6 700.0£848.5 |10 29.4+12.7 1095.0.5+516.1
After damming
Myleus setiger 15 16.7+£3.5 136.7+71.9 - - -
Myloplus arnoldi 2 155+21 75.0£35.4 1 20.0 250.0
Myloplus asterias 3 21.3£15 250.0+86.6 - - -
Myloplus rubripinnis 32 23.5+3.6 318.8+155.9 |30 30.9%+3.7 991.7+266.5
Myloplus schomburgkii 6 19.1+138 183.3+51.6 - - -
Ossubtus xinguense - - - 9 19.1+24 194.4+63.5
Tometes ancylorhynchus | 6 15.3+1.4 100.0+44.7 - - -
Tometes kranponhah - - - 29 19.846.2 239.7+213.5

3.1. Diet analysis

Food items were classified in seven categories: 1 — allochthonous plants (leaves, flowers, stalks, and
ground plant material, all from terrestrial plants); 2 — macroalgae (Podostemaceae, algae, periphyton, and
other aquatic plants); 3 — terrestrial invertebrates; 4 — aquatic invertebrates; 5 — animal material
(unidentified ground material, generally comprised of pieces of fish, scales, spines, and feathers); 6 —
Porifera; 7 — fruits (entire fruits and seeds, which are allochthonous but had high values). Sandy sediment,
plastic particles, Trematodes, and Nematodes were found, but were removed from the analysis, as they
do not represent real food items for fishes. The first two are likely ingested by accident, and the two latter
comprise the intestinal fauna of some pacus.

When the diet of pacus was compared between seasons (Figure 2), wet season showed relatively
more food categories than dry season (7 versus 6 items). Allochthonous plants had the highest dietary
importance in both seasons for most species (Ai-wet = 40.5%; Ai-dry = 72.5%), followed by fruits (Ai-
wet = 29.8%; Ai-dry = 21.7%). The species O. xinguense and T. kranponhah, collected only in the wet
season, presented macroalgae as the main food source (Ai = 99.9%; and Ai = 97.9%, respectively).
Tometes ancylorhynchus and M. arnoldi were the only species in the dry season which did not presented

allochthonous plants as the major food source, which was represented by animal material with Ai =
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61.7% in T. ancylorhynchus, while M. arnoldi mainly fed on macroalgae (Ai = 52.7%). Ossubtus

xinguense was the only species, among the eight collected, which not presented allochthonous plants in

diet, and only M. asterias did not presented invertebrates whether terrestrial or aquatic.

Dry season ——_

Wet season ——==_

—
All species grouped

Myloplus arnoldi

Myloplus rubripinnis

Ossubtus xinguense

Tometes kranponhah

—
—_

All species grouped

Myleus asterias

Myleus schomburgkii

Myleus setiger

Myloplus arnoldi

Myloplus rubripinnis

Tometes ancylorhynchus

—

Q
R

M Porifera
B Fruits
Aquatic invertebrates
B Terrestrial invertebrates
W Macroalgae
B Animal material
u Allochthonous plants

Figure 2: Alimentary importance index (Ai%) for serrasalmid species from BBX collected during dry
and wet seasons.

The Cluster analysis (Figure 3) showed two groups, one with the species T. kranponhah, O.

xinguense, and M. arnoldi from dry season, grouped together due to feeding most on macroalgae. Within

this group there is a subgroup separating M. arnoldi from the other two species by fed massively on

allochthonous plants. The other group is formed by all species which ingested allochthonous plants, with

two subdivision where consists of: T. ancylorhynchus and M. arnoldi from wet season by fed most on

animal material, and the remaining species grouped due to feeding most on allochthonous plants. It is
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worth mention that despite M. arnoldi be apart from the larger group, which consists of species massively
feeding on allochthonous plants, this species is closest of the larger group than the species T. kranponhah
and O. xinguense. Thus, it can be observed that the two groups of M. rubripinnis, from the two seasons,
were grouped together within the group with allochthonous plants due to the great presence of fruits in
their diet.
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Figure 3: Cluster analysis and heatmap based on similarity of alimentary importance of food sources
for pacus during dry and wet seasons.

3.2. Changes in mass, size and physiological condition
For all species together, the condition factor was lower after damming for species for both wet and

dry season (Tables 1 and 2 of Supplementary material). Comparisons only with species that co-occurred
in periods before and after damming (i.e., M. rubripinnis, M. schomburgkii, M. setiger, O. xinguense and

T. kranponhah) showed that only M. rubripinnis and O. xinguense showed differences in their condition
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factor between before and after damming. Both presented lower condition factor after damming,

Myloplus rubripinnis in dry season and O. xinguense in wet season (Table 2; and table 1 of

Supplementary material).

Table 2: Range values of the Fulton’s condition factor (K), mean and standard deviation (SD) of the

pacus species collected in the Big Bend of the Xingu River in the different periods and seasons.
. Wet
Species . -
Min—Max Mean+SD Min—Max Mean+SD
Before damming
Myleus setiger 0.015-0.022 0.020£0.003 0.009-0.019 0.014+0.004
Myloplus rubripinnis 0.019-0.034 0.025+0.003 0.019-0.116 0.039+0.024
Myloplus schomburgkii 0.020-0.031 0.024+0.004 0.076-0.244 0.139+0.047
Ossubtus xinguense 0.025-0.034 0.029+0.006 0.066-0.125 0.094+0.021
Tometes kranponhah 0.017-0.020 0.019+0.002 0.018-0.252 0.079+0.076
After damming
Myleus setiger 0.017-0.046 0.029+0.009 - -
Myloplus arnoldi 0.018-0.020 0.019+0.002 0.031 -
Myloplus asterias 0.022-0.029 0.025+0.004 - -
Myloplus rubripinnis 0.006-0.032 0.023+0.003 0.021-0.058 0.034+0.007
Myloplus schomburgkii 0.024-0.027 0.026+0.001 - -
Ossubtus xinguense - - 0.024-0.038 0.028+0.005
Tometes ancylorhynchus 0.015-0.036 0.027+0.008 - -
Tometes kranponhah - - 0.019-0.036 0.026+0.005

Comparisons of pacus’ sizes with all species grouped were significant larger after damming
during the dry season, and significant smaller after damming during the wet season (Table 2 of
Supplementary material). The mass of pacus comparing all species together proved that fish lost weight
after damming whether in dry or wet season (Table 2 of Supplementary material). Comparing only the
co-occurring species, T. kranponhah and O. xinguense (collected during wet seasons), and M. rubripinnis
(collected during dry seasons) were smaller and thinner in the after-damming period (Table 1 of the

Supplementary material).

3.3. Traditional knowledge of pacus feeding behaviour

Based on the Shannon-Weaver index (H”), there is high diversity of food items ingested by fishes
(wet = 8 items; dry = 6 items) than other food items mentioned by fishermen (wet = 3 items; dry = 6)

(wet = H’piet= 1.56; H’ interview= 0.571; Dry = H’piet= 1.555; H’interview= 1.360). Compared to the condition
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factor, all fishermen corroborated fish physiological condition during wet seasons (when the pacus had
the lowest K values after damming), as 100% of them claimed pacus were thinner after damming, and
informed that “fish is currently tasting bad, smooth”. When asked if the pacus are either fatter of thinner
regarding seasons, most of the fishermen indicated differences between seasons, saying that it is possible
to find heavier pacus during wet season. This does not corroborate the condition factor results for grouped
species, since they did not show differences between seasons. Only one fisherman said he did not observe
any difference in the physiological condition of pacus between seasons. However, based on co-occurring
species during both seasons, all species had differences in their physiological condition (Table 1), thus
corroborating the condition factor. Except for T. kranponhah, which did not have differences between
seasons, the remaining co-occurring species had higher K values during wet seasons, agreeing with the
answers provided by most fishermen. The comparative cognition table (Table 3) based on food items of
pacus mentioned by fishermen shows strong consistency with literature and with the assemblage of food
items found in the stomach contents here analysed.

Table 3: Comparative cognition table of the feeding ecology of pacus from the Big Bend of Xingu.

Food item mentioned Season Literature Found in Mention
by fishermen the fish frequency
dietin
this study
Golosa wet Not found. Yes 95.2%

(Chrysophyllum
sanguinolentum)

Seringa (Hevea wet Not found. No 90.5%
brasiliensis)

Sardo (Myrciaria wet/ Not found, but Gouldin et al. (1988) No 76.2%
dubia) dry mentioned that “The important

genera are Eugenia, Psidium, Myrcia
and Mpyrciaria... fishes are often
found in large numbers snapping-up
the fruits as they fall into the water.
All of the species are probably
dispersed to some extent by fishes”
(Goulding, Carvalho, & Ferreira,
1988)
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Tucum/Juari Wet “...while those found intact and that Yes 66.7%
(Astrocaryum spp.) were possible to identify were...

Astrocaryum jauari (Arecaceae)...”

(Lopes de Souza, 2005)

Caja (Spondias Wet Not found. Yes 52.4%
mombin)

Figo (Simaba |  wet/ Not found. No 47.6%
orinocensis) dry

Guava (Psidium spp.) wet/ “...while those found intact and that Yes 47.6%

dry were possible to identify were...
Psidium acutangulum (Myrtaceae)...
(Lopes de Souza, 2005)”

Abil (Pouteria caimito) Wet Not found. No 38.1%
Caferana (Vitex wet/ Not found. No 28.6%
snethlagiana) dry

Leaves/Flowers wet/  “According to the alimentary index, Yes 92.9%

dry juvenile and adult Myleus fed
mostly on allochthonous plants
(leaves, flowers)”. (Andrade et al.,
2019)

4. Discussion

The analysis of the physiological condition, mass, and size of pacus emphasized that pacus
assemblages are already jeopardized by changes caused by the Belo Monte HHP. During wet season, the
two first metrics decreased, while size remained similar after damming, proving that fish are “skinny”
(with lower weight) even though they have similar size, which consequently results in poorer
physiological condition (lower K values). This might happen because the water flow in BBX region is
lower during wet season, or insufficient to flood the forests, which provide suitable abundance and
diversity of food sources for fishes. On the other hand, pacus size and mass during dry season were lower
after damming, again corroborating the descriptions given by the Yudja people. This illustrates that the
water flow is lower than required to allow access to feeding areas during dry season, thus preventing
food sources with higher nutritional values mentioned by the Yudja people, which are commonly found
in riparian forests, such as Myrciaria dubia (sar&o), Simaba orinocensis (fig), Psidium spp. (guava), from

entering the river. In addition, the lower water flow rate causes lower dissolved oxygen and higher
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temperatures, negatively affecting macroalgae abundance (Souza-Cruz-Buenaga, Espig, Castro, &
Santos, 2018).

Ossubtus xinguense and T. kranponhah are rheophilic serrasalmids endemic to the Xingu River
basin, frequently found in rapids, and they occur exclusively in this river basin (Andrade, Fitzgerald,
Winemiller, Barbosa, & Giarrizzo, 2019). Along the rapids of the Xingu River there is massive presence
of macroalgae of the family Podostomaceae (Abe et al., 2015; Medeiros et al., 2015), which has
accelerated growth and higher densities during wet season (Devi, Tandon, & Uniyal, 2016), representing
a critical food item for the aforementioned herbivorous fish species (Andrade et al., 2019). The similarity
in diet also explains the grouping of these species, and thus, the macroalgae-based diet from the family
Podostomaceae can be a determining factor for the survivorship of these species. Since the flood pulse
of the BBX has changed because of the Belo Monte HHP, macroalgae growth pattern is expected to have
been affected (Fitzgerald et al., 2018).

The remaining species studied here had herbivorous behaviour, except for T. ancylorhynchus and
M. arnoldi during wet season, which can be classified as omnivorous species. The large amount of
allochthonous plants in serrasalmid diet, even during dry season, indicates the importance of the
seasonally flooded forest for pacus assemblage, as the connection between aquatic and terrestrial
environments regulated by the flood pulse and the input of food items referred to as “allochthonous
plants” occurs during the ascending water level into forest flooded areas.

Since changes in flood pulses can prevent fish from accessing the food items in the floodplains
(Fitzgerald et al., 2018), Belo Monte HHP is expected to have changed the composition and abundance
of food sources provided for this fish assemblage (Souza-Cruz-Buenaga et al., 2018). Furthermore, there
was a great drought in 2016 in the region, because of the 2015 EIl Nifio phenomenon, and worsened by
the damming, which generated a lower flow rate (10,000 m®/s in April, when 23,000m?/s were expected,
representing the peak of the flooding season). This event caused high fish death and hampered the annual

spawning due to the lack of access to the flooded forest (Pezzuti et al., 2018). This year (2016) was a
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practical example of how changes in the flood pulse might act on fish assemblages in the BBX region.
What is more, 2016 can still be considered a better scenario than what is expected due to the Xingu River
damming by Belo Monte HHP, since the water flow suggested by governmental body National Water
Agency (ANA) is trial alternation between 8.0000m?/s and 4,000 m*/s (Pezzuti et al., 2018).

The food sources mentioned by the Juruna fishermen were less diversified than the items found
in the stomach contents of pacus. Indeed, based on the fishermen’s knowledge of the feeding behaviour
of fishes (Begossi et al., 2011; Ramires et al., 2015; Silvano & Begossi, 2016), they use only primary
food items as bait for fishing, which explains the lower diversity of food sources stated by fishermen
than those found in stomach contents of pacus. Incidentally, the Juruna fishermen were able to indicate
precisely the food sources for pacus, pointing out to which species fruits, flowers, and leaves consumed
by pacus belong.

Although Belo Monte HHP has not been operating at full power to date (this is expected to occur
by the end of 2019) (Carneiro & Pezzuti, 2015), pacus assemblages have already been negatively affected
by environmental changes. Accordingly, these impacts are already affecting the Juruna and other
riverside communities living along the BBX, as changes in fish assemblages will affect the main year-

round food supply for these peoples (Carneiro & Pezzuti, 2015; Pezzuti et al., 2018).

5. Conclusion

The major prevalence of allochthonous plants and macroalgae in pacus diet illustrates the great
importance of flooded forests and rapids for these fishes, thus emphasizing how these animals depend
on flood pulse. The biometric analysis showed that pacus assemblages are enduring the impacts of
damming, and this has been harming the Yudja people who live in the BBX. These impacts tend to
increase in 2019/2020 with the adoption of the artificial hydrological regime proposed for the BBX,

which is insufficient to allow access of the aquatic wildlife to floodplains. Therefore, urgency is required
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to review the planned amount of reduced discharge in order to avoid irreparable negative impacts on

fishes and on the traditional communities that live off the river.
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Supplementary Material

Table 1: Comparisons between periods when serrasalmids were collected in the Big Bend
of Xingu; before and after the damming of the Xingu River by Belo Monte HHP.

. Before After Statistical Tests
Species
Mean+SD Mean+SD P-value H/F
Total length — Dry Season
All species grouped 25.9+7.4 20.4+4.6 Fhx H=14.49
Myleus setiger 16.8+1.5 16.7+3.5 n.s F=0.002
Myloplus rubripinnis 27.8+6.2 23.5+3.6 ol H=7.64
Myloplus schomburgkii 17.6+1.3 19.1+1.8 n.s F=2.31
Total length — Wet Season
All species grouped 25.2+8.0 24.5+7.3 n.s H=0.24
Myloplus rubripinnis 31.9+4.5 30.9+£3.7 n.s H=1.25
Ossubtus xinguense 21.6x£1.1 19.1+2.4 * F=4.91
Tometes kranponhah 29.4+12.7 19.8+6.2 H=4.85
Weight — Dry Season
All species grouped 559.8+484.2 232.0+£149.7 Fhx H=13.61
Myleus setiger 98.0£35.6 136.7+71.9 n.s H=1.83
Myloplus rubripinnis 643.1+425.6 318.8+155.9 Fhx H=10.4
Myloplus schomburgkii 130.0+27.4 183.3+51.6 n.s H=3.01
Weight — Wet Season
All species grouped 966.1+453.8 560.9+441.2 Fhx H=17.3
Myloplus rubripinnis 1104.7+216.8 991.7+266.5 n.s F=2.12
Ossubtus xinguense 930.0+120.4 194.4+63.5 ** H=9.00
Tometes kranponhah 1095.0+516.1 239.7+213.5 ol H=19.56
Fulton’s condition factor — Dry Season
All species grouped 0.025+0.004 0.025+0.006 n.s H=0.02
Myleus setiger 0.020+0.003 0.029+0.009 n.s H=3.52
Myloplus rubripinnis 0.025+0.003 0.023+0.003 *x F=8.89
Myloplus schomburgkii 0.024+0.004 0.026+0.001 n.s F=1.22
Fulton’s condition factor — \Net Season

All species grouped 0.081+0.064 0.030+0.007 folaie H=13.69
Myloplus rubripinnis 0.039+0.024 0.034+0.007 n.s H=0.25
Ossubtus xinguense 0.094+0.021 0.028+0.005 Fhx F=83.77
Tometes kranponhah 0.079+0.076 0.026+0.005 n.s H=1.20

n.s = not significant; *a<0.05; ** 0<0.01; ***0<0.001

Table 2: Comparisons between seasons when serrasalmids were collected in the Big
Bend of Xingu; before and after the damming of the Xingu River by Belo Monte HHP.

Species Wet Season Dry Season Statistical Tests
Mean+SD Mean+SD P-value H/F
Total length — Before
All species grouped | 252480 25.9+7.4 n.s H=0.61
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Myleus setiger 20.7£3.9 16.8+1.5 n.s F=4.46
Myloplus rubripinnis 31.9+4.5 27.8+6.2 H=4.33
Myloplus schomburgkii 19.9+2.0 17.6+1.3 F=5.99
Ossubtus xinguense 21.6+1.1 31.0+11.3 n.s F=4.74
Tometes kranponhah 29.4+12.7 29+15.6 n.s H=0.01
Total length — After
All species grouped 24.5+7.3 20.4+4.6 kel H=10.11
Myloplus rubripinnis 30.9+3.7 23.5+3.6 ikl H=31.11
Weight — Before
All species grouped 966.1+453.8 559.8+484.2 kel H=15.33
Myleus setiger 152.9+123.2 98.0+35.6 n.s F=0.91
Myloplus rubripinnis 1104.7+216.8 643.1+425.6 kel H=11.76
Myloplus schomburgkii 1090.5+399.6 130.0£27.4 ikl H=11.40
Ossubtus xinguense 930.0+120.4  1150.0+1202.1 n.s F=0.23
Tometes kranponhah 1095.0+516.1 700.0+848.5 n.s F=0.83
Weight — After
All species grouped 560.9+441.2 232.0£149.7 falalel H=13.19
Myloplus rubripinnis 991.7+266.5 318.8+155.9 ool H=41.98
Fulton’s condition factor — Before
All species grouped 0.081+0.064 0.025+0.004 falaled H=19.9
Myleus setiger 0.014+0.004 0.02+0.003 ** F=5.45
Myloplus rubripinnis 0.039+0.024 0.025+0.003 e H=8.04
Myloplus schomburgkii 0.139+0.047 0.024+0.004 ikl F=28.49
Ossubtus xinguense 0.094+0.021 0.029+0.006 ** F=15.93
Tometes kranponhah 0.079+0.076 0.019+0.002 n.s H=2.62
Fulton’s condition factor — After
All species grouped 0.030+0.007 0.025+0.006 ol H=15.02
Myloplus rubripinnis 0.034+0.007 0.023£0.003 ikl F=56.66

n.s = not significant; *a<0.05; ** 0<0.01; ***0<0.001
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