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RESUMO

A gqualidade ecoldgica e o funcionamento dos rios sdo fortemente influenciados pela
sua regiao ribeirinha, o que pode afetar diretamente a distribuicdo dos recursos
alimentares e, consequentemente, as relacdes de alimentagcdo das comunidades
biolégicas que vivem em ambientes aquaticos. Nesse sentido, o objetivo desta
pesquisa foi identificar os recursos basais que originaram a biomassa de peixes no
reservatorio de Passo Sao Joao (rio ljui-RS, Brasil) comparando areas litoraneas com
matas ciliares e de copa aberta. A amostragem foi realizada em duas estacdes do ano
(primavera / 2017 e verao / 2018). Um total de 177 amostras musculares pertencentes
a nove espécies de peixes e 51 amostras de recursos basais (algas bentbnicas,
matéria organica particulada fina, vegetacao terrestre e detritos) foram coletadas em
quatro areas de mata ciliar preservada e quatro areas de copa aberta. As assinaturas
isotopicas de carbono e nitrogénio do peixe geralmente refletiram a importancia da
vegetacdo terrestre como recurso energético basal, entretanto, diferencas foram
observadas quando se compararam assinaturas isotdpicas de peixes provenientes de
areas de mata ciliar e copa aberta. A origem da biomassa total de peixes mostrou
claramente que ha um crescente apoio al6ctone a biomassa em direcdo a mata ciliar,
subsidiando cerca de 70% da biomassa total de peixes nas areas de mata ciliar versus
cerca de 57% da biomassa nas areas de copa aberta . A maioria dos peixes
herbivoros-detritivoros aumentou sua biomassa autéctone apoiada em direcdo as
areas de copa aberta. No entanto, os onivoros-carnivoros apresentaram um padréo
consistente de biomassa aloctone suportada para todas as espécies em ambas as
areas, mas com uma contribuicdo ligeiramente maior de recursos aléctones nas areas
de mata ciliar 83,4 (74,3-92,7) e menor no dossel aberto 70,5 (56,7-83,0), considerando
valores médios e um intervalo de credibilidade de 95%. Ja os resultados obtidos a
partir de volumes de itens do conteludo estomacal das espécies estudadas, a maioria
nao apresentou diferencas entre os itens alimentares consumidos em ambas as areas.
O presente estudo mostra que a mata ciliar representa um importante subsidio
energético para diversas espécies de peixes e sua remoc¢ao pode causar uma limitacédo
no suprimento de alimentos, afetando a estrutura tréfica da comunidade de peixes.

Palavras-chave: is6topos estaveis, mata ciliar, recursos aloctones, recursos
autéctones, subsidios terrestres.



ABSTRACT

Ecological quality and the functioning of rivers are strongly influenced by their riparian
region, which can directly affect the distribution of food resources and consequently the
feeding relationships of biological communities living in aquatic environments. In this
sense, the aim of this research was to identify the basal resources that originated the
fish biomass in the Passo S&o Joao reservoir (ljui River-RS, Brazil) comparing littoral
areas with riparian forests and of open canopy. Sampling was carried out in two
seasons of the year (spring/2017 and summer/2018). A total of 177 muscle samples
belonging to nine species of fish and 51 bulk samples of basal resources (benthic
algae, fine particulate organic matter, terrestrial vegetation and debris) were collected in
four areas for preserved riparian forest and four areas of open canopy. The carbon and
nitrogen isotopic signatures of the fish generally reflected the importance of terrestrial
vegetation as a basal energetic resource, however, differences were observed when
isotopic signatures of fish coming from areas of riparian forest and open canopy were
compared. The origin of the total biomass of fish showed clearly that there is an
increasing allochthonous support to biomass towards the riparian forest, subsidizing
around 70% of the total fish biomass in the riparian forest areas vs. around 57% of
biomass in the open canopy areas. Most herbivorous-detritivorous fish increased their
autochthonous supported biomass towards the open canopy areas. However,the
omnivores-carnivorous showed a consistent pattern of allochthonous supported
biomass for all species in both areas, but with a slightly higher contribution of
allochthonous resources in riparian areas 83.4 (74.3-92.7) than in open canopy 70.5
(56.7-83.0), considering average values and a 95% credibilty intervals. On the other
hand, the results obtained from the volumes of stomach contents of the species studied
did not present differences between the food items consumed in both areas. The
present study shows that the riparian forest represents an important energetic subsidy
for several fish species and its removal may cause a limitation in the supply of food
items, affecting the trophic structure of the fish community.

Keywords: stable isotopes, riparian forest, allochthonous resources, autochthonous

resources, terrestrial subsidies.
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1 INTRODUCAO

Os sistemas aquaticos ndo sao isolados de suas paisagens circundantes, sdo
bastante dependentes, em graus variados, da transferéncia ecotonal de matéria
organica aléctone necesséria para sustentar a produtividade e a integridade bioldgica
(TEAL 1962, ODUM e HEALD 1972, VANNOTE et al.,, 1980), no entando, o
desmatamento em areas riparias e a consequente reducdo na entrada de detritos

podem afetar negativamente as redes alimentares aquaticas.

A relagdo entre a disponibilidade de recursos e o fluxo de energia sugerida
desde o conceito de rio continuo (VANNOTE et al.,, 1980) indica que as fontes
energéticas das redes alimentares se deslocam ao longo do gradiente longitudinal do

cérrego.

A maior importancia de fontes aléctones pode refletir o contato entre a agua e o
ambiente ribeirinho, representando uma grande troca de recursos entre 0s
ecossistemas (GREGORY et al., 1991; MOLDENKE e VER LINDEN, 2007; SULLIVAN
2013). Em direcdo a locais de copa aberta (por exemplo, area de pastagem) esse
contato é reduzido e um aumento na irradiacdo de luz produz um aumento da
produtividade primaria, provavelmente favorecendo o uso de recursos autdctones
(VANNOTE et al., 1980; SULLIVAN, 2013; COLLINS et al., 2016).

Com base em evidéncias semelhantes para rios maiores, o modelo de
produtividade ribeirinha revisado (THORP e DELONG, 2002) postula que a maior parte
da biomassa em todas as redes alimentares ribeirinhas é alimentada por fontes
autoctones. Isso refletiia o fato de que o carbono autéctone é mais facilmente
incorporado a biota por ser mais labil do que o carbono al6ctone (THORP e DELONG,
1994, 2002) além de ser mais nutritivo (LAU et al., 2009b).

S&o inumeras as relacbes mantidas entre a regido ribeirinha e o ambiente
aquatico (GOOLEY et al., 1978; MARTINS, 2001; LIMA, 2003), como o fornecimento
direto pelas copas das arvores de frutos, sementes e flores, usados como alimento
pelos peixes, sombreamento, manutencdo da temperatura da agua e a protecédo do

corpo hidrico contra o assoreamento das margens e do solo do entorno.
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A importancia da existéncia de florestas riparias ao longo dos rios, ao redor de
lagos e reservatorios, fundamenta-se no amplo espectro de beneficios que este tipo de
vegetacao traz ao ecossistema, exercendo fungao protetora sobre 0s recursos naturais
bidticos e/ou abidticos (DURIGAN e SILVEIRA, 1999), no entanto, a construcao de
reservatorios para varias finalidades mudou o0s ecossistemas haturais em muitos
paises, alterando as condicGes fisicas e quimicas dos sistemas Ibticos, que
interrompem os gradientes longitudinais ao longo dos cursos fluviais (WARD e
STANFORD, 1983; STRASKRABA et al., 1993). Com as mudancas nos regimes de
fluxo, o transporte de sedimentos e as interacfes da planicie de inundacdo podem
alterar a disponibilidade espacial e sazonal e a abundancia de certas fontes de carbono
e ainda reduzir a capacidade das redes alimentares de utilizar recursos anteriormente
importantes (THORP et al., 2006, 2008) podendo ter efeitos significativos sobre o fluxo
de energia em redes alimentares aquaticas (MARCARELLI, et al., 2011).

A avaliacdo da estrutura trofica de comunidades de peixes fornece importantes
subsidios para a compreensao das relacdes entre os componentes da ictiofauna e dos
demais organismos da comunidade aquética e terrestre bem como o fluxo de energia
entre os niveis tréficos (BENNEMANN et al., 2000; AGOSTINHO et al., 2007). Diante
desse contexto, utilizamos is6topos estaveis de carbono e nitrogénio com o objetivo de
identificar os recursos basais que originam a biomassa de peixes em um reservatério
recém-formado do Rio ljui (bacia do Rio Uruguai), comparando a origem dos recursos
gue sustentam a biomassa de peixes em areas de mata ciliar preservada e em areas

adjacentes de copas abertas (onde a floresta ja foi suprimida ha alguns anos).
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2 FUNDAMENTACAO TEORICA

A qualidade ecoldgica e o funcionamento de rios sdo fortemente influenciados
tanto pela zona riparia como pelos sistemas territoriais adjacentes ao ecotono ripario,
além das alteracdes naturais ou antropicas presentes em ambos os casos (TABACCHI
et al., 1998). A interacdo entre as entradas longitudinal (transporte da matéria
organica), lateral (transferida da vegetacao riparia para o curso de agua) e vertical
(material vegetal caindo diretamente no curso de agua) associadas a escalas
temporais levam a uma dinamica peculiar da matéria organica e fluxo de energia num
curso de agua, com consequéncias na produtividade, retencdo e depdsitos de
diferentes fracbes de matéria organica (GONCALVES et al., 2006).

O interesse sobre a producéo bidtica e o fluxo de energia em sistemas aquaticos
foi impulsionado, inicialmente pelos trabalhos de Lindeman (1942) que abordavam a
dindmica trofica de comunidades e pelos trabalhos de Odum (1956, 1957) que
aprimoraram o estudo do fluxo de energia em sistemas, o que acabou tornando-se um
dos mais importantes focos do estudo da ecologia alimentar de redes fluviais nas

ultimas décadas.

Varios modelos para descrever o fluxo de energia foram desenvolvidos
enfatizando a matéria organica proveniente de fontes aléctones e autéctones. O
Conceito do Rio Continuo (RCC) proposto por Vannote et al.,(1980), prediz que a
distribuicdo das guildas tréficas estaria diretamente ligada a disponibilidade de alimento
e energia ao longo do rio e intimamente ligada a influéncia da vegetacao riparia sobre
os cursos d’agua. Visualizou os sistemas Iéticos como uma rede integrada e linear
como um gradiente ecoldgico continuo. O RCC baseia-se na ordem dos rios, no tipo de
matéria organica particulada e no tipo de invertebrados bentbnicos presentes. Este
conceito considera que o sistema fluvial apresenta um gradiente continuo de condi¢des
fisicas, resultando em um continuo de adaptacdes bioticas e em padrdes longitudinais
de carregamento, transporte, utilizacdo e armazenamento de matéria organica.
Ressalta ainda, que 0s organismos e as caracteristicas de cada regiao l6tica evoluiram
de acordo com as condicbes fisicas e quimicas determinadas pela geologia e

geomorfologia da bacia e do canal fluvial, sendo que ocorre um ajuste das
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comunidades biologicas a este gradiente de condi¢cdes para que toda entrada de

energia seja utilizada eficientemente (Vannote et al.,1980).

Ja o Modelo de Produtividade Ribeirinha (RPM) proposto por Thorp e Delong
(1994, 2002) enfatiza para a producao autotréfica em teias alimentares em sistemas de
maior porte que nédo foi explicitamente reconhecido nos primeiros trabalhos sobre o
RCC (Vannote et al. 1980). A hipotese € que a produgdo autéctone e 0s insumos
organicos diretos da zona ribeirinha, juntos, representam a “principal” fonte de carbono
gue conduz as redes alimentares dos grandes rios caracterizados primariamente por
um canal constringido e por um substrato firme adequado. Além disso, nos rios de
planicie de inundacdo a produtividade primaria (especialmente do fitoplancton) € um
contribuinte significativo para a produtividade secundaria - embora provavelmente nao
seja a principal fonte de carbono assimilado. O carbono autdctone e insumos aléctones
diretos da zona ribeirinha sdo proporcionalmente mais importantes porque sao
relativamente labeis e assim mais facilmente assimilados pelos heterétrofos. A
composi¢do da comunidade e a producdo secundéria diferirdo entre os locais dentro de
um grande rio em resposta as caracteristicas fisicas de cada habitat e aos tipos de
matéria organica presentes. Consequentemente, 0s organismos variardo grandemente
em sua dependéncia relativa da matéria organica derivada da producdo primaria em
fluxo ou do transporte lateral e a jusante da matéria organica particulada (THORP e
DELONG, 2002).

A Teoria do Pulso de Inundacdo (RPC) proposta por Junk et al., (1989) propde
gue interacdes laterais entre o canal e as planicies de inundacdo condicionam a
estrutura e o funcionamento desses sistemas. Afirma que o pulso é gerado pelas
caracteristicas geomorfolégicas e hidrolégicas da bacia hidrografica, e promove as
trocas laterais entre o canal do rio e sua planicie associada e essas trocas tém um
maior impacto direto sobre a biota do que o ciclo interno de nutrientes, sendo que o
principal efeito do pulso de inundagdo sobre os organismos € hidrologico. Durante a
eépoca de cheia, ocorre a transferéncia dos nutrientes presentes no rio para a
vegetacao riparia, por sua vez a importacdo de nutrientes pelas enchentes favorece a
produtividade primaria. Enquanto as aguas das enchentes recuam, os fluxos de

nutrientes e particulas organicas tendem a voltar para o sistema fluvial associada com
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0 aumento da biomassa. A vegetacao terrestre se regenera enquanto as zonas umidas
marginais secam (ZAMORA-ARROYOET et al., 2001).

De acordo com Johnson e Richardson (1995) o Pulso de Inundagé&o, assim como
o Rio Continuo estéa focalizado em principios naturais sem considerar as influéncias
antropicas, como por exemplo, a remo¢cdo da mata ciliar e o represamento que
interrompem as condicdes imaculadas de um continuo fluvial, proporcionando

mudancas nos padrdes previstos (TA FANG, 2010).

A Teoria da Descontinuidade Serial (DSC) descrita por Ward e Stanford em 1983
considera essas alteracdes provocadas por fatores naturais ou antropicos e pode ser
aplicada a bacias hidrogréaficas impactadas e, de acordo com ela, uma interferéncia no
ambiente produz alteracBes longitudinais nos processos bidticos e abidticos,
considerando que a diregcdo de mudanca (montante ou jusante) depende da posi¢cao do
impacto. Outros fatores de grande importancia sdo a construcédo de barragens, desvios,
canalizacfes, poluicdo, etc., que interrompem o continuo de um rio, alterando sua
composic¢ao fisico-quimica, modificando sua estrutura e o funcionamento do sistema,

resultando na perda de heterogeneidade espacial e temporal do curso d’agua.

Os sistemas fluviais tém sido fortemente impactados por atividades humanas
devido a utilizacdo de pesticidas e fertilizantes para a agricultura, lancamento de
esgotos urbanos, lancamento de efluentes industriais e alteragbes na cobertura
vegetal. Tais atividades alteram as condicdes naturais dos ambientes aquéaticos
representando sérias ameacas a diversidade de peixes (DALA-CORTE et al., 2009),
além de causarem consequéncias para a integridade ecolégica e a saude dos
ecossistemas riparios (ALLAN, 2004; BLEVINS et al., 2013).

A construcdo de barragens para formacao de reservatérios e geracao de energia
hidrelétrica também representa um importante ameaca a conservacéao da ictiofauna. Ao
longo do século XX, a construcdo de reservatérios caracterizou-se por grandes
empreendimentos espalhados por diversos continentes, levando a regulacédo de
imensos volumes de agua e a inundacdo de milhares de quildometros quadrados de
area (MARGALEF, 1983). No Brasil, os reservatérios estdo associados a uma ampla
rede de producao de hidroeletricidade (TUNDISI, 1999), um servi¢co considerado vital

para a manutencdo da sociedade e cujos interesses, frequentemente, se contrapdem
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as questbes ambientais (NOGUEIRA et al., 2006). A instalacdo destes
empreendimentos pode influenciar regimes hidrolégicos de bacias hidrograficas,
modificando as condicbes ambientais e interferindo direta ou indiretamente nas
comunidades biologicas aquaticas. A ictiofauna € a por¢cdo mais visivel dessas
comunidades e pode ser considerada como um bom bioindicador da qualidade geral do

ambiente aquatico (ARAUJO, 1998).

A formacado dos reservatérios provoca alteracdes na composicdo e na estrutura
das populacdes de peixes, em maior ou menor grau, de acordo com a posi¢cao da
barragem em relacdo as areas de vida, a quantidade de area de varzea perdida, a
existéncia de rios alternativos para migracdo e desova, e a qualidade da agua
(AGOSTINHO et al., 2007). A construcdo de reservatorios altera drasticamente as
caracteristicas hidrologicas de um rio, passando de um estado Iético para léntico ou
semi-léntico (WOYNAROVICH, 1991; AGOSTINHO et al., 2007) causando profundas
modificacbes nas comunidades bidticas da sua area de influéncia (AGOSTINHO,
1992), mudando as relacdes tréficas e reprodutivas das espécies. Conforme Agostinho
et al., (1992), existem diversos trabalhos que abordam impactos de barramentos sobre
a ictiofauna, mas € notdrio 0 pouco conhecimento sobre biologia, distribuicdo e

demanda abidtica que interferem na vida das espécies de peixes (AGOSTINHO, 1994).

As principais diferencas entre os ecossistemas l6ticos e os lénticos sdo que em
rios e riachos a corrente tende a ser um fator limitante e de controle muito mais
importante do que em lagos. Outro aspecto diz respeito as trocas entre terra e agua,
gue sao mais intensas nos ambientes I6ticos, e que acabam por gerar um ecossistema
muito mais aberto com comunidades de metabolismo heterotrofico, especialmente em
riachos de reduzida ordem. Além disso, as estratificacfes térmicas e quimica séo
extremamente raras em ecossistemas I6ticos, sendo que a tensdo de oxigénio é mais
alta e mais uniforme em rios. E importante ressaltar que todas estas diferencas vao
proporcionar caracteristicas especificas e diferenciadas na dindmica e na estrutura das
comunidades que estdo adaptadas a estes ecossistemas. Os reservatorios, por sua
vez, podem ser considerados ecossistemas hibridos rios/lagos. Esta peculiaridade se
deve as caracteristicas tipicas que estes ambientes possuem, ou seja, intensa
influéncia externa; morfologia e hidrologia distintas de lagos e rios, e fontes externas e

internas de matéria organica (KIMEL et al., 1990).
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A criacao de habitats |énticos, pode fazer com que a fonte de carbono dominante
mude a0 mesmo tempo em que aumenta a importancia da producdo de algas
(HOEINGHAUS et al., 2007, KAYMAK et al., 2015). As redes alimentares sdo uma
caracteristica funcional dos ecossistemas que fornecem informacdesobre o impacto do
represamento em rios que ndo podem ser alcancados a partir de abordagens baseadas
na comunidade (VANDER ZANDEN et al., 2003; HOEINGHAUS et al., 2008; CROSS
et al., 2011).

O ambiente desempenha papel fundamental na composicdo da dieta dos peixes
fluviais. Ele determina, de acordo com suas caracteristicas como o tipo de fundo,
turbidez da agua, presenca ou auséncia de vegetacdo riparia, que alimentos estdo
disponiveis para serem consumidos pelos peixes (BRITTAIN e SALTVEIT, 1989;
BUNN e ARTHINGTON, 2002).

A mata ciliar, também conhecida como vegetacdo riparia ou de galeria,
consistem na flora existente as margens de cursos d’agua (ALVARENGA, 2004). Esse
tipo de vegetacdo pode apresentar algumas caracteristicas como tolerancia a
inundacbes periddicas e capacidade de adaptacdo em terrenos com alto grau de
declividade. As funcdes ambientais desta formacgéo vegetal envolvem a manutencao da
gualidade da agua e da estabilidade do solo frente aos processos erosivos,
regularizagao do regime hidrico, protecao dos cursos d’agua, fornecimento de alimento
para a fauna aquética e silvestre (BROADMEADOW e NIBEST, 2004), manutencéo da
interacdo entre solo, agua, flora e fauna, e diminuicdo da perda de nutrientes
(SCHILLING e JACOBSON, 2014). Além disso, contribuem para manter a estabilidade
térmica da agua e permitem a construcdo de caminhos para os animais de vida
selvagem (MARTINS, 2001; ARAUJO, 2002).

De maneira geral, a zona riparia € conceitualmente simples, mas as dinamicas
inerentes a esse sistema sao de grande relevancia (NAIMAN et al., 2005), uma vez que
em riachos que cruzam areas de floresta, a relacdo mata-rio € complexa e necessaria
para a manutencdo da diversidade dos organismos aquaticos (BARRELLA et al.,
2000). As matas ciliares sdo ecétonos entre 0s ecossistemas terrestre e 0 aquatico e
influenciadas por ambos. Tém a funcdo de regular as transferéncias de energia e
nutrientes de um ecossistema a outro (LIMA, 1989; CORRELL, 2001; CAVALCANTI e
LOCKABY, 2006; COLLINS et al., 2010). As alteracdes na cobertura vegetal causam
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variacfes temporais e espaciais na composicao e caracteristicas das assembleias de
peixes (ex. riqueza de espécies, abundéancia, biomassa, dieta) sendo que a
comunidade ictica € adversamente afetada pela degradacdo da zona riparia (CASTRO
et al., 2003; BONATO et al., 2012; FERREIRA et al., 2012). Apesar do pouco
conhecimento sobre a complexidade das interagdes entre peixes e a zona riparia em
ecossistemas de cabeceira, sua degradacdo devido a mudancas no uso do solo, &
constantemente referenciada nos estudos como determinante na selecéo da biota de
riachos (CASATTI e LANGEANI, 2009; DIAS e TEJERINA-GARRO, 2010; FERREIRA
et al., 2012). Casatti e Langeani (2009), ao compararem riachos dominados por
gramineas nas suas margens com outros com maior complexidade de habitat,
verificaram que a riqueza de espécies, a abundancia de espécies raras e a dominancia
divergiram entre os dois grupos de riachos, sendo que a riqgueza e a abundancia de
espécies raras foram maiores nos trechos de riachos com maior complexidade de
habitat.

As estratégias de forrageamento utilizadas pelos peixes possibilitam que eles
facam uso dos mais diferentes recursos alimentares disponiveis nos ambientes
aquaticos. O alimento consumido permite reconhecer na ictiofauna grupos troficos
distintos, inferir sobre a estrutura das populacdes e definir a importancia dos diferentes
niveis troficos no ecossistema (ALVIM e PERET, 2004).

A principal rota de fluxo de energia e ciclagem organica em grandes bacias
hidrogréficas sul-americanas é o detrito (BOWEN, 1984). Assim, a presenca da mata
ciliar e as inundacdes sazonais sao essenciais para a producdo e transporte desse
recurso alimentar para os peixes (AGOSTINHO e ZALEWSKI, 1995; GOMES e
AGOSTINHO, 1997). O predominio de grupos que se alimentam de sedimentos sugere
gue estes sdo um recurso valioso e abundante (BOWEN, 1984; FUGI, 1993;
GERKING, 1994).

Nas cadeias tropicais, muitas espécies de peixes se utilizam de alimentos em
niveis tréficos inferiores, tais como lodo organico e seus micro-organismos associados
(LOWE-MCCONNELL, 1999), no entanto, em reservatorios o consumo de detrito por
peixes € considerado uma tatica alimentar fundamental, aumentando a eficiéncia
energética e a produtividade da comunidade (ALVIM e PERET, 2004)
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A estrutura trofica de uma comunidade biologica pode ser definida como um
sistema adaptativo complexo, no qual diversos componentes (ex. produtores primarios
e consumidores) se conectam e interagem por meio das suas relagbes alimentares
(LEVIN, 1999). A transferéncia de energia do alimento através de grupos de
organismos que consomem e sao consumidos é chamado de cadeia alimentar (ODUM,
2007; HAGY lll e KEMP, 2012) e os niveis troficos sdo grupos de organismos que
possuem seus hébitos alimentares bastantes similares, correspondendo a diferentes
niveis na cadeia alimentar (HAGY Ill e KEMP, 2012). Portanto, os individuos de uma
populacdo podem ocupar um ou mais niveis tréficos de acordo com a fonte de energia
assimilada. Os peixes, por exemplo, ocupam mais de um nivel tréfico na cadeia
alimentar (WOOTON, 1990).

O estudo da alimentagcdo natural de peixes e o0 estabelecimento da estrutura
trofica fornecem informacfes relevantes sobre o funcionamento do ecossistema no
gual estéo inseridos, permitindo compreender a autoecologia das espécies e seu papel
no ecossistema. O estudo da dieta também permite a identificacdo dos fatores que
determinam o padrao de alimentacéo do peixe ao longo de seu ciclo vida, j& que muitas
espécies alteram seu habito alimentar durante o crescimento, devido as variacdes
morfolégicas (HAHN et al., 2000; LIMA-JUNIOR, 2003) ou pela disponibilidade do
recurso (ABELHA et al., 2001) o que pode levar individuos de uma mesma espécie a

distincbes espaciais e/ou temporais relacionadas a alimentacéo.

O efeito relativo nas redes alimentares fluviais também refletirhd a posicdo e o
numero de represas presentes no sistema fluvial. Em certas circunstancias, a criacao
de habitats Iénticos acima das represas aumentard a producdo de fitoplancton,
permitindo a exportagdo de uma nova fonte de carbono planctonica para redes
alimentares a jusante (ANGRADI, 1994; DOI et al.,, 2008). O padrao temporal de
interacdes entre o canal principal e os habitats laterais também pode ter implicacGes
significativas para a abundéancia e importancia relativa das fontes de carbono e para as
vias de fluxo de carbono na teia alimentar como um todo para os produtores primarios,
gque sdo geralmente as fontes de carbono que sustentam as cadeias alimentares
ribeirinhas (FISHER et al., 2001).

Diferentes mecanismos podem regular a biomassa e as interagfes tréficas de
comunidades aquaticas (GERKING, 1984; CARPENTER et al., 1985). Alguns estudos
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destacam a produtividade primaria fitoplancténica como o principal fator limitante a
producdo de peixes em lagos e reservatorios (MELACK, 1976; DOWNING et al. 1990;
GOMES, et al. 2002). A relacao positiva com a clorofila-a pode estar associada ao fato
de que, em ambientes tropicais, a biomassa de peixes e o rendimento pesqueiro sdo
mantidos principalmente pela cadeia de detritos, em especial aqueles provenientes da
decomposicdo das comunidades fitoplanctonicas e perifiticas (ARAUJO-LIMA et al.,
1986; BENEDITO-CECILIO et al., 2000; GOMES et al., 2002; GONZALEZ-
BERGONZONI et al., In Press).

Em reservatorios antigos, embora de pequeno porte, foi observado que o0s
peixes ainda utilizam itens de origem aléctones em sua dieta (DIAS et al., 2005). Por
outro lado, em reservatorios com periodo de formagéo de médio a longo e com grande
capacidade, a cadeia alimentar das espécies de peixes € mantida principalmente por
itens autéctones (ABELHA et al., 2005; BENNEMANN et al., 2011).

Entender como as comunidades biolégicas se organizam € um dos passos para
compreender os processos que influenciam a estrutura e o funcionamento dos
sistemas ecolégicos (RICKLEFS, 2010). Uma alternativa metodolégica quem vem
sendo empregada nas ultimas décadas para o estudo de teias alimentares é a analise
de is6topos estaveis utilizada para investigar uma ampla gama de caracteristicas e
processos do ecossistema aquatico, frequentemente usando razdes naturais de
isétopos de carbono e nitrogénio mais pesados a mais leves (geralmente apresentados
como 53C e 3N, respectivamente), para elucidar a posicdo tréfica (VANDER
ZANDEN e RASMUSSEN, 1999; POST, 2002), interacbes com redes alimentares
(FISHER et al., 2001), movimentos de peixes (RASMUSSEN et al., 2009), uso de
habitat de peixes (FRY, 2006), padrdes alimentares sazonais (HERWIG et al., 2007),
efeitos de espécies introduzidas (MARTINEZ et al., 2001), geoquimica de captacao e
uso da terra (CHANG et al., 2002; JEPSEN e WINEMILLER, 2007; WINEMILLER et al.,
2011), e outros impactos humanos sobre ecossistemas aquaticos (KOHZU et al.,
2009).

Is6topos estaveis sdo atomos de um mesmo elemento quimico que possuem o
mesmo numero de protons, porém, diferentes nimeros de néutrons, ou seja, possuem
massas diferentes, mas que ndo decaem ao longo do tempo. A ideia central da analise

de isOtopos estaveis se baseia no fato de que as composicdes de isotopos de
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consumidores refletem as composi¢cdes isotopicas dos produtores primarios, os quais,
por sua vez, refletem as caracteristicas do ambiente em que ocorrem (REICH e
WORTHY, 2006). Nas analises quando a razdo entre os iso6topos pesado e leve de
uma amostra é maior do que a razao do padréo, o valor & é positivo (composi¢ao
enriquecida), e quando a razdo entre 0s isotopos pesado e leve da amostra € menor do

gue a razao do padrao, o valor & € negativo (composi¢cao empobrecida).

A analise de is6topos estaveis apresenta algumas vantagens sobre os métodos
tradicionais de estudo de dieta, como, por exemplo, o registro da alimentagéo
assimilada e ndo simplesmente ingerida pelo animal o (WALKER e MACKO,1999). A
técnica vem sendo utilizada em estudos de ecologia alimentar, e mais recentemente,
para a identificacdo de estoques ecologicos (BARROS et al., 2010; BOTTA, 2011).

A diferenca no numero de néutrons ndo tem influéncia na reatividade quimica
dos isotopos, porém, eles se comportam de formas distintas em reagdes cinéticas: o
is6topo mais leve reage de maneira mais rapida do que o pesado, ou seja, a razao
entre os isétopos pesado e leve ao final de uma reacao (produto) é diferente da razéo
inicial entre eles (substrato). Este comportamento isotdpico distinto, que leva a variagdo
na proporcao entre is6topos ao passar por um processo fisico-quimico, € conhecido
como fracionamento isotopico. Em razdo do fracionamento, consumidores apresentam
composicOes isotOpicas enriquecidas em relacdo a suas fontes alimentares. O
enriquecimento de nitrogénio entre niveis troficos varia, tipicamente, entre 2 e 5%o
(PETERSON e FRY, 1987), enquanto que, para carbono, varia entre 1 e 2%. (DENIRO
e ESPSTEIN, 1978). Assim, em virtude da diferenca no enriquecimento tréfico
apresentado pelos elementos, usualmente isétopos de nitrogénio sdo usados para
estimar a posicao tréfica de um individuo em uma cadeia alimentar, enquanto que
is6topos de carbono sdo usados para caracterizar a dieta dos consumidores
(PETERSON e FRY, 1987).

As diferencas nos valores de 5*3C entre produtores ocorrem, principalmente, em
razao do sistema fotossintético das plantas, onde espécies com ciclo C4 geralmente
apresentam composicbes mais enriquecidas em **C do que plantas C3 (PETERSON e
FRY, 1987). Os valores médios de 35°C entre plantas de agua doce (-27%o),

macroalgas (-18.5%.) e fanerégamas marinhas (-11%0), por exemplo, s&o
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estatisticamente distintos, o que possibilita determinar a propor¢do de cada tipo na
dieta dos consumidores (CLEMENTZ et al., 2007).
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3 RESULTADOS

Os resultados deste estudo estdo apresentados como um artigo cientifico
escrito em inglés na secao 3.1, cujo titulo é: “Biomassa de peixes é subsidiada por
recursos aléctones em um reservatorio subtropical recém- formado: aumento da
aloctonia para areas riparias preservadas” e sera submetido para avaliacdo do

periodico “Hydrobiologia”.
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3.1 ARTIGO 1: ALLOCHTHONOUS RESOURCES SUBSIDIZE FISH BIOMASS IN A
RECENTLY FORMED SUBTROPICAL RESERVOIR: INCREASING ALLOCHTHONY
TOWARDS PRESERVED RIPARIAN FOREST AREAS

ABSTRACT

Ecological quality and the functioning of rivers are strongly influenced by their riparian
zones, which can directly affect the distribution of food resources and consequently the
feeding relationships of biological communities living in aquatic environments. In this
sense, the aim of this research was to identify the basal resources that originated the
fish biomass in the Passo S&o Joao reservoir (ljui River-RS, Brazil) comparing littoral
areas with riparian forests and of open canopy. Sampling was carried out in two
seasons of the year (spring/2017 and summer/2018). A total of 177 muscle samples
belonging to nine species of fish and 51 bulk samples of basal resources (benthic
algae, fine particulate organic matter, terrestrial vegetation and debris) were collected in
four areas for preserved riparian forest and four areas of open canopy. The carbon and
nitrogen isotopic signatures of the fish generally reflected the importance of terrestrial
vegetation as a basal energetic resource, however, differences were observed when
isotopic signatures of fish coming from areas of riparian forest and open canopy were
compared. The origin of the total biomass of fish showed clearly that there is an
increasing allochthonous support to biomass towards the riparian forest, subsidizing
around 70% of the total fish biomass in the riparian forest areas vs. around 57% of
biomass in the open canopy areas. Most herbivorous-detritivorous fish increased their
autochthonous supported biomass towards the open canopy areas. However,the
omnivores-carnivorous showed a consistent pattern of allochthonous supported
biomass for all species in both areas, but with a slightly higher contribution of
allochthonous resources in riparian areas 83.4 (74.3-92.7) than in open canopy 70.5
(56.7-83.0), considering average values and a 95% credibilty intervals. On the other
hand, the results obtained from the volumes of stomach contents of the species studied
did not present differences between the food items consumed in both areas. The
present study shows that the riparian forest represents an important energetic subsidy
for several fish species and its removal may cause a limitation in the supply of food
items, affecting the trophic structure of the fish community.

Keywords: stable isotopes, riparian forest, allochthonous resources, autochthonous

resources, terrestrial subsidies.
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RESUMO

A gqualidade ecologica e o funcionamento dos rios sao fortemente influenciados pela
sua regiao ribeirinha, o que pode afetar diretamente a distribuicdo dos recursos
alimentares e, consequentemente, as relacdes de alimentacdo das comunidades
biologicas que vivem em ambientes aquaticos. Nesse sentido, o objetivo desta
pesquisa foi identificar os recursos basais que originaram a biomassa de peixes no
reservatério de Passo S&o Jodo (rio ljui-RS, Brasil) comparando &reas litordneas com
matas ciliares e de copa aberta. A amostragem foi realizada em duas estacdes do ano
(primavera / 2017 e verao / 2018). Um total de 177 amostras musculares pertencentes
a nove espécies de peixes e 51 amostras de recursos basais (algas bentdnicas,
matéria organica particulada fina, vegetacdo terrestre e detritos) foram coletadas em
guatro areas de mata ciliar preservada e quatro areas de copa aberta. As assinaturas
isotépicas de carbono e nitrogénio do peixe geralmente refletiram a importancia da
vegetacdo terrestre como recurso energético basal, entretanto, diferencas foram
observadas quando se compararam assinaturas isotopicas de peixes provenientes de
areas de mata ciliar e copa aberta. A origem da biomassa total de peixes mostrou
claramente que ha um crescente apoio aléctone a biomassa em direcdo a mata ciliar,
subsidiando cerca de 70% da biomassa total de peixes nas areas de mata ciliar versus
cerca de 57% da biomassa nas areas de copa aberta . A maioria dos peixes
herbivoros-detritivoros aumentou sua biomassa autdctone apoiada em direcdo as
areas de copa aberta. No entanto, os onivoros-carnivoros apresentaram um padrao
consistente de biomassa aléctone suportada para todas as espécies em ambas as
areas, mas com uma contribuicdo ligeiramente maior de recursos aloctones nas areas
de mata ciliar 83,4 (74,3-92,7) e menor no dossel aberto 70,5 (56,7-83,0), considerando
valores médios e um intervalo de credibilidade de 95%. Ja os resultados obtidos a
partir de volumes de itens do conteido estomacal das espécies estudadas, a maioria
ndo apresentou diferengas entre os itens alimentares consumidos em ambas as areas
O presente estudo mostra que a mata ciliar representa um importante subsidio
energético para diversas espécies de peixes e sua remoc¢ao pode causar uma limitacao
no suprimento de alimentos, afetando a estrutura tréfica da comunidade de peixes.

Palavras-chave: is6topos estaveis, mata ciliar, recursos aldctones, recursos

autoctones, subsidios terrestres.
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3.1.1 Introduction

Deciphering the dominant carbon sources and energy pathways in riverine food
chains is essential to understand the ecosystem functioning, with implications in river
management and conservation (DENG et al., 2018). Particularly, the transformation of
organic matter into primary and secondary production is an essential process that
promotes biodiversity patterns and associated ecosystem services (HUMPHRIES et al.,
2014). Within this context, the investigation of energy pathways that support the
production of biomass of metazoan organisms has become one of the most important
focuses of study aquatic food web ecology in recent decades where it has been
emphasized the importance of the organic matter coming from autochthonous and/or

allochthonous sources subsidizing biomass in food webs (PINGRAM et al., 2012).

The higher importance of allochthonous sources in small-forested streams may
reflect the intimate contact between the water and the riparian surroundings,
representing a high cross-ecosystem resource exchange (GREGORY et al.,, 1991;
MOLDENKE and VER LINDEN, 2007; SULLIVAN 2013). On the other hand, towards
larger open-canopy sites (e.g. grassland riparian area) this contact is reduced and an
increase in light irradiation produces an increase of instream productivity, probably
favouring the use of autochthonous resources (VANNOTE et al.,, 1980; SULLIVAN,
2013; COLLINS et al., 2016). Recent evidence comparing small forested and larger
grassland reaches in both tropical and temperate streams suggest that the role of
riparian forest in increasing allochthonous contribution to biomass is consistent across
climate regions (COLLINS et al., 2016).

However, anthropogenic influences, such as removal of riparian forest and
damming that interrupt the normal conditions of a river continuum, can lead to changes
in the main sources of carbon that sustain the riverine food chains, depending on the
characteristics of the development (JOHNSON e RICHARDSON, 1995, HERWIG et al.
2007, POOLE 2010, PINGRAM et al., 2012).

The interruption of the river continuum was described by the Serial Discontinuity
Concept (SDC, WARD and STANFORD, 1983, 1995b; STANFORD e WARD, 2001),

evidencing the role of damming as an invasive disturbing agent, which interrupts the
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continuum and causes upstream and downstream changes in the abiotic and biotic

parameters and processes.

When a watershed is dammed, the river flow changes, affecting the dynamics of
sediment transport (BRANDT, 2000) and the supply of allochthonous and
autochthonous resources (SHANNON et al., 2001; SHELDON and THOMS, 2006),
limiting the access to basal resources across the riverside landscape and reducing the
range of resources available to support the food chain (DELONG et al., 2011).
Furthermore, the removal of riparian forest in areas to be flooded is common in the
formation of the reservoir (AGOSTINHO et al., 2007) and may result in a further
limitation of the food supply for the newly formed ecosystem (ZENI and CASATTI,
2014), affecting directly the ichthyofauna regarding to vital processes, such as feeding
and reproduction (DIAS and TEJERINA-GARRO, 2010). On the other hand, there may
be an increase in the importance of algae production due to the increased light
irradiation and water residence time that can enhance the assimilation of autochthonous
carbon into food webs (HOEINGHAUS et al., 2007, KAYMAK et al., 2015). However,
few studies have assessed the impact of the allochthonous carbon reduction in fish

biomass when the riparian forest is removed in reservoirs.

In order to evaluate the effects of damming and suggest potential restoration
measures in large river ecosystems, it is essential to have an understanding of the
function and structure of riverside food chains and carbon sources that support all
trophic levels (JOHNSON and RICHARDSON, 1995). One of the ways to evaluate
nutrient uptake by primary producers and the trophic interactions present in aquatic
ecosystems is through the analysis of carbon and nitrogen stable isotope ratios (WEST
et al., 2006). This analysis is able to quantify the contribution of different potential
sources to the biomass of consumers. Therefore, the stable isotope analysis has been
increasingly used, in ecological studies of fresh waters (POST, 2002; XU et al. 2004),
as a tool to determine the energy basis of food webs.

In this study we combined diet with N and C stable isotopes analysis to identify
the basal resources that subsdize the biomass of fish in a newly formed reservoir in the
ljui River-RS, Brazil (Uruguay River basin). For this purpose, we compare the origin of
the resources fuelling fish biomass of littoral habitats with preserved riparian forest with
littorals of open canopy (where the forest was suppressed some years ago) located in
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the opposite bank of the reservoir. Expecting a higher food intake of terrestrial
resources (debris, seeds, fruits and terrestrial invertebrates) in the littorals with riparian
forest, we hypothesized that the terrestrial vegetation produces a higher proportion of
fish biomass than in the littorals surrounded by open canopy.

3.1.2 Methods
Study Area

The research was carried out in a newly formed reservoir (2011), in the ljui River,
northwest region of Rio Grande do Sul State. The Passo Sao Joao reservoir (lat -
28.135625°, lon -55.036828°) has its damming structures and powerhouse installed in
the municipalities of Roque Gonzales and Dezesseis de Novembro, approximately 600
km west from Porto Alegre (RS). The reservoir also reaches the municipalities of S&o
Luiz Gonzaga, Sdo Pedro do Butia and Rolador. It is an impoundment plant, which
means, its reservoir has the only function of maintaining the necessary water level
difference for energy generation. The plant is composed of a dam that uses an
abduction channel to conduct water to the powerhouse, with an installed power of 77
MW, using a reservoir of 20.6 km? with water residence time of 10 days (ELETROSUL,
2011). Regarding the use of the soil in the surroundings, the basin is classified in forest,
pasture and agricultural areas (SILVA et al., 2011). The riverine vegetation areas
belong to the Atlantic Forest biome. In a few areas the riparian forest was preserved,

while most of it was suppressed before filling the reservoir.

The sampling sites were located in the lentic zone of the reservoir, on opposite
sides of the river, in four “pairs” of areas with similar physical conditions, including two
“pairs” with riparian forest in the littorals and two “pairs” with open canopy (Figure 1).
The samplings were performed in two consecutive seasons of the year (spring/2017
and summer/2018). The collection of fish was performed with two sets of gillnets with
mesh sizes from 14 to 40 mm between adjacent nodes, totalizing an area of 140 m? of
net/sampling station at each collection. The nets were installed at the end of the day
and collected at dawn the next day, totalizing a 12-hours period. Following, the

individuals captured were counted, measured, weighed, identified, and then a muscle
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sample and their stomachs were removed. Muscle samples were immediately frozen (-

20°C) and guts were preserved in 4 % formalin for stomach content analysis in the lab.

River flow
Dam
Sampling site
RF Riparian forest

OC Open canopy

Figure 1 - Map locating the sampling sites in riparian forest littorals (RF) and open
canopy (OC) in the lenthic compartment of the reservoir of Passo Sdo Jodo HPP (ljui
River-RS, Brazil).

The environmental variables were measured in the two seasons, in four sites of
the lentic compartment of the reservoir, using a multi-parameter AK 88 to determine pH,
electric conductivity, temperature and dissolved oxygen. A Secchi disk was used to

verify the water transparency. The results are presented in Table 1.

Table 1 - Average of the environmental variables observed in four sites in the lentic
compartment of the reservoir of the Passo Sdo Jodo HPP (ljui River-RS, Brazil).

Season pH Dissolved oxygen Temperature Conductivity Transparency
(mgfl) (°C) (uS/cm) (cm)
Spring 7.8(7.7-8.2) 9.2(7.9-10.3) 23.3(22.3-25-8)  56.2(55.2-58.9)  45.7(27.0-53.0)

Summer 7.6(7.4-7.8) 8.8(8.6-9.0) 28.3(26.5-30.0)  47.4(45.9-48.5)  20.6(18.5-23.0)
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Analysis of stomach contents

During the biological analysis, around 20 stomachs / species were removed (in
each area) to verify the food content of the nine most abundant species of the reservoir,
which were: Apareiodon affinis, Astyanax fasciatus, Astyanax lacustris, Cyphocharax
voga, Galeocharax humeralis, Iheringichthys labrosus, Pachyurus bonariensis,
Parapimelodus valenciennis and Steindachnerina brevipinna. The stomach contents
were exposed in petri dishes under a stereoscope microscope for analysis and
identification of the consumed food items. Each identified item was quantified in terms
of volume (mm3) using graph paper with a fixed height of one millimeter following
standardized procedures (HYSLOP, 1980).

Analysis of stable Isotopes

For analysis of stable isotopes of carbon and nitrogen, we collected muscle
samples from 5-17 individuals per species in sites of each type, depending on
availability, covering the full range of lengths obtained (Table 2). Additionally we
collected samples of the main potential basal food resources in each sampling site,
following similar procedures as described in Gonzalez-Bergonzoni et al., (In press).
Benthic algae samples were collected with a brush by scraping rocks. Terrestrial tree
leaves were collected from the riparian zones, and as leaves in process of
decomposition in the littoral riverbed. Additionally, fine particulate organic matter (<68
pum particulate fraction) was collected by filtering water (pre-filtered through a 68 um
mesh size net to remove zooplankton) throw a glass fiber filter and fine benthic organic
matter was collected from the first 3 cm of river sediments. Then, we collected seston
(20- 68 um particulate fraction) by filtering water (also pre-filtered throw a 68 pm net)
through a 20 um net.
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Table 2 - Taxonomic identity of fish obtained for stable isotope analysis in the two study sites (open canopy littorals and littorals of
riparian forest) of the Passo S&o Joao reservoir (ljui River-RS, Brazil). Number of samples (n), minimum and maximum standard

length (min SL- max SL), and the species abbreviations used in Figure 2 are presented.

Sampling site, n and size mean (min SL- max SL in

mm):
Order Family Species(n) abﬁ?ee\fift?on Open canopy Riparian forest
Characiformes Characidae Astyanax fasciatus (5) Afa 125.8(83-139) 97.2(73-130)
Astyanax lacustres (13) Alac 84.7(65-116) 87.8(69-142)
Galeocharax humeralis (6) Ghu 175.8(135-215) 161.3(117-229)
Curimatidae Cyphocharax voga (9) Cvoga 151.2(138-171) 154.0(138-165)
Steindachnerina brevipinna (13) Sbrev 124.4(111-136) 125.3(110-133)
Parodontidae Apareiodon affinis (9) Aaf 97.9(65-136) 74.0(68-80)
Perciformes Sciaenidae Pachyurus bonariensis (14) Pbon 147.3(108-230) 169.5(139-207)
Siluriformes Pimelodidae Iheringichthys labrosus (17) llab 166.0(113-201) 202.0(143-223)
Parapimelodus valenciennis (13) Pval 174.1(135-229) 180.7(155-222)
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All stable isotope samples were transported to the lab where they were cleaned
and prepared according to standardized procedures (e.g. LEVIN and CURRIN 2012).
Samples were oven-dried, (for 48 hs at 60°C), weighed (0.5-1.5 mg for animal tissues
and 2-5 mg for organic matter and algae) and sent for analysis in a continuous flow
isotope ratio mass spectrometer (IRMS) at the Center for Stable Isotopes, University of
New Mexico, New Mexico, USA. The natural abundance of heavy and light C and N
stable isotopes (**C/**C and *°N/*N), relative to standards, (Pee Dee Belemnite rock
and N of air, respectively) are given as delta values (5*3C and 6*°N in %q). As the C:N
ratio in several samples surpassed the 3.5 value (suggesting that mathematical lipid
correction of samples was necessary), samples were lipid corrected using the equation
3 developed by Post et al. (2007).

Data analysis
Stomach contents

According to the diets found, trophic levels were classified as herbivorous,

omnivorous and carnivorous, as proposed by Agostinho et al. (1997).

We estimated the the Frequency of Occurrence (FO%) (HYSLOP, 1980) by
calculating the frequency of stomachs in which a given food item occurs in relation to
the total number of stomachs evaluated that contained some type of food. The
Volumetric method (V%) (HYNES, 1950) was also applied by expressing the
percentage of volume of a given item considering the total volume occupied by the total
volume of all items present in the stomach. The Frequency of Occurrence and
Volumetric methods were integrated for the dietary analysis by using the 1A (Feeding
Index), expressed in percentage, as proposed by Kawakami and Vazzoler (1980). The

IA is estimated using the following equation:

IA; = F, *Vi/Z(Fi* Vi)
n=1

Where:
1A; = feeding index
i=1,2,..
n = food item

F; = frequency of occurrence (%) for each item
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V; = volume (%) of each item

Using the IA values for each item type a Multi-Response Permutation Procedure
(MRPP) analysis was applied on the food content data matrix of the specimens,
captured in open canopy littorals and riparian forest littorals, in order to verify if there is
a difference in diet consumption considering all item types between these two areas
(ZIMMERMAN et al., 1985).

Modelling basal resource contribution to fish biomass

To determine the origin of resources fuelling fish biomass Bayesian mixing
models that use 6**C and 6™N of food sources and consumers and their fractionation
factors to estimate the most probable proportion of the biomass generated by each food
item for an individual consumer (PARNELL et al., 2010; PARNELL et al., 2013;
PHILLIPS, 2012). The use of multiple different basal resources can be problematic
because this favours the under-determination of contributions of each resource in
mixing models (FRY, 2013), thus, the isotopic signatures of the potential resources
were aggregated into two key resource groups of interest as suggested by Fry (2013).
The three groups of resources analysed were: i) allochthonous resources (C3 plant
leaves, conditioned and unconditioned from the river); ii) autochthonous resources
(benthic filamentous algae and epilithic periphyton) and iii) fine organic matter (FOM),
consisting in suspended and benthic fine particulate organic matter, which is likely a

mixture of unknown proportions of autochthonous and allochthonous resources.

We built separate models for Open Canopy and riparian forest littorals (pooling
data from the four sites samples within each vegetation type), based on mean and SD
of isotopic signature of autochthonous, allochthonous and FOM resources, and muscle
samples of individuals of each fish species. The fish species were coarsely classified as
herbivorous-detritivorous (those consuming algae, plants and detritus), omnivorous
(consumers of plant and animals from different trophic levels) and carnivorous fishes
(animal consumers) following gut content analysis, and published trophic classifications
of those species in Rio Uruguay (LOPEZ-RODRIGUEZ et al., In Rev). We then built one
model per trophic group per site (including all species within each trophic group) using
the mean fractionation values and their standard deviations from basal resources to

each trophic group extracted from meta-analysis (BUNN et al., 2013; POST, 2002).
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This fractionation values were of 3.9 1.4 (mean +SD) from basal resources to
herbivorous-detritivorous fish, 4.3 +1.5 from basal resources to omnivores and 5.7 £1.6
from basal resources to carnivores (BUNN et al., 2013). The stable isotope modelling
was made using the SIAR package (PARNELL et al., 2013a) in R software (R core
team 2016).

The contribution of autochthonous, allochthonous and FOM resources to the
generation of fish biomass in each site was estimated using the following three

approaches:

i) Analysing basal resource support to each fish species in littorals with open
canopy Vvs. littorals with riparian forest. Three models were built per littoral riparian type,
one for the herbivorous-detritivorous, one for the omnivorous and one for the
carnivorous species. This is one of the most common approaches used in the
determination of supporting resources for riverine biomass (e.g. BUNN et al., 2003;
HOEINGHAUS et al., 2007; PINGRAM et al., 2014; ROACH and WINEMILLER, 2015;
GONZALEZ-BERGONZONI et al., 2014, 2018).

i) Analysing basal resource support to each fish trophic group in littorals with
open canopy vs. littorals with riparian forest. Three models were built per littoral riparian
type, one grouping all species classified as herbivorous-detritivorous, one for
omnivorous and one last for carnivorous species. In this way we simplify models (but
including the corresponding different isotopic fractionation from basal resources to each
group) allowing comparison of basal energetic resources per site for each trophic group

in a Bayesian framework.

iii) Estimating assemblage-weighted contribution of basal resources to fish
biomass. In this procedure, the mean autochthonous, allochthonous and FOM
contribution value per species (estimated in approach i) were up-scaled to the total fish

community biomass in each site. These were calculated using the equation:
BM.x = BMa*( Xa) + BMp*( Xp) + BMc*( X¢)

Where:
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“‘BM.” is total fish biomass generated by the resource x; “BM,” represents the biomass
of the “species a”; “X; ” refers to the mean calculated contribution of resource X for the
“species a”. In this example equation the community contains three species: a, b and c,
and we estimate the total biomass (in grams of fresh weight) generated by the resource
“X”. As a final step in this estimation, the proportion of total fish assemblage biomass
generated by each resource type for each site was estimated simply by dividing the

biomass generated by a given source over the total biomass at each sampling site.

3.1.3 Results

Stomach contents

The analysis of stomach contents showed that the species Steindachnerina
brevipina, Apareiodon affinis and Cyphocharax voga fed mainly on algae and detritus,
whereas the species Pachyurus bonariensis and Parapimelodus valenciennis fed on
both autochthonous and allochthonous insects and other small invertebrates. The
species Astyanax fasciatus, Astyanax lacustris and lheringichthys labrosus consumed
divers diet items of both animal and plant origin. Galeocharax humeralis was
piscivorous feeding exclusvely on fish (unidentified fish remains on stomachs)
(Suplementary Appenndix S1).

The MRPP result showed that most of the studied species do not present
differences between the consumed food items in littorals of open canopy and littorals
with riparian forest (P>0.05). Only the species Iheringichthys labrosus showed
differences in the consumed items between the two areas (P<0.05; Table 3), for which
a higher proportion of allochthonous insects in diet was found in the open canopy
littorals, while a larger volume of bivalves and terrestrial vegetation was found in the

riparian forest littorals.
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Table 3 - Result of the Multi-Response Permutation Procedures (MRPP) applied to the
data of items volume obtained from the stomach contents of fish caught in open canopy
and in riparian forest littorals of the Passo Sdo Jodo HPP (ljui River-RS, Brazil), in
spring and summer seasons. *Bold result denotes statistical difference (P<0.05).

Order Family Species A T p*
Characiformes Characidae Astyanax fasciatus -0.005 0.297 0.512
Astyanax lacustris -0.009 0.325 0.512
Galeocharax humeralis -0.070 0.962 0.894
Curimatidae Cyphocharax voga -0.093 0.990 0.956
Steindachnerina brevipinna -0.094 0.991 0.941
Parodontidae Apareiodon affinis -0.008 0.370 0.550
Perciformes Sciaenidae Pachyurus bonariensis 0.009 -0.764 0.167
Siluriformes Pimelodidae Iheringichthys labrosus 0.039 -1.150 0.020
Parapimelodus valenciennis 0.009 -0.764 0.167

Stable Isotopes

In total 177 samples of fish muscle and 51 samples of basal resources (11 of
benthic algae, 7 of FOM, and 13 of terrestrial vegetation and debris) were analysed
from open canopy and riparian forest littorals of the reservoir (Table 2, Figure 1). The
stable isotope bi-plot shows that basal resource types have contrasting C and N
isotopic signatures, except for FOM and algal sources, somehow overlapping in the
riparian forest littoral (Figure 2). Many fish isotopic fingerprints seem to differ between
open canopy and riparian forest littorals, indicating a different assimilation of basal
resources (Figure 2). Particularity more fish species lie near to the terrestrial vegetation

isotopic signature in the riparian forest area assemblage (Figure 2).
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Figure 2 - Carbon and Nitrogen Stable isotope biplot showing isotopic fingerprints of
main basal resources for food webs and primary consumer invertebrates (in green) and
each fish species (in red). Left panel shows open canopy sits and right panls the areas
of riparian forest. Data is shown as means and SD of individuals of each type of

resources and fish species.

The Bayesian mixing model results for contribution of autochthonous, F.O.M and
allochthonous resources to fish biomass for each species show a general pattern where
species increase their autochthonous support in open canopy littorals and their

allochthonous support towards the littorals with riparian forest (Table 4, Figure 3 and 4).
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Table 4- Contribution of basal resources to the generation of fish biomass of Open Canopy and Riparian Forest littorals of the
Passo Sédo Joao HPP (ljui River-RS, Brazil). Siar modelling results for each species and each trophic group in open and forest
areas are showed (as model means and credibility intervals) using all individuals regardless of their relative biomass in the
assemblage. The final row shows the results for total fish biomass considering both mean resource contribution to biomass of each
species and its total biomass (assemblage —weighted estimation).

Species

Autochthonous
(%)

Open canopy

Fine Particulate

Organic Matter (%)

Allochthonous

Riparian forest

(%)

Autochthonous
(%)

Fine Particulate

Organic Matter (%)

Allochthonous
(%)

Astyanax fasciatus
Astyanax lacustris
Galeocharax humeralis
Cyphocharax voga
Steindachnerina brevipinna
Apareiodon affinis
Pachyurus bonariensis
Iheringichthys labrosus
Parapimelodus valenciennis
All herbivorous-detritivorous
All omnivorous-carnivorous
Assemblage- weighted

contribution to total biomass

10.1(0.0-26.5)
33.0(7.8-54.7)
13.5(0-33.3)
22.2(1.7-41.1)
43.8(21.0-66.6)
58.7(39.5-78.8)
5.3(0.0-12.8)
25.4(2.8-45.5)
2.2(0.0-6.1)
43.0(21.7-63.4)

12.2(0.1-23.1)

19.9

20.6(0.0-45.1)
32.0(0.0-66.2)
25.4(0.0-51.6)
34.1(1.1-64.1)
34.6(0.0-68.3)
30.9(1.2-55.5)
10.5(0.0-23.6)
31.3(0.0-61.4)
4.1(0.0-11.0)
31.2(0.0-65.2)

17.2(0.0-37.7)

23.2

69.2(41.2-94.0)
35.1(13.4-55.2)
61.0(33.4-88.1)
43.7(26.5-60.7)
21.6(1.8-39.0)
10.27(0.0-22.9)
84.1(71.7-96.0)
43.5(24.3-62.7)
93.6(86.4-99.7)
25.7(7.4-42.4)

70.5(56.7-83.0)

56.8

15.4(0.0-38.2)
35.3(1.3-66.4)
12.5(0.0-30.5)
36.1(7.0-64.0)
41.5(0.8-79.4)
35.1(0.0-67.6)
11.3(0.0-27.3)
17.6(0.0-39.5)
8.5(0.0-22.8)
43.4(2.1-81.3)

9.4(0.0-19.5)

16.3

13.3(0.0-34.6)
35.3(1.3-66.4)
11.0(0.0-27.2)
31.8(4.1-56.1)
44.7(3.3-82.1)
35.8(0.13-68.9)
9.6(0.0-23.6)
15(0.0-35.3)
7.3(0.0-19.7)
43.1(3.3-79.4)

7.1(0.0-16.5)

15.0

71.3(42.0-96.2)
35.3(1.3-66.4)
76.5(56.5-96.3)
31.9(18.3-45.8)
13.6(0.0-34.6)
29.2(0.0-59.7)
79.0(62.4-95.7)
67.3(44.3-90.0)
84.1(66.1-99.1)
13.4(0.0-30.0)

83.4(74.3-92.7)

68.5
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Figure 3 - Results of SIAR Bayesian mixing models for the estimation of fine articulate
organic matter, autochthonous and allochthonous resource contribution to biomass of
herbivorous-detritivorous fish consumers in littorals with open canopy (left panel) and

riparian forest cover (right panel).
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Figure 4 - Results of SIAR Bayesian mixing models for the estimation of fine articulate
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omnivorous-carnivorous fish consumers in littorals with open canopy (left panel) and

riparian forest cover (right panel).
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Figure 5 shows the results of SIAR Bayesian mix models for the estimation of the
contribution of fine particulate organic matter, autochthonous and allochthonous
resource to the herbivorous-detritivorous and omnivorous-carnivorous fish biomass (95,
75 and 50% credibility intervals respectively). Differences in the support of basal
resources between open crowns and areas of riparian forest can be observed in all
trophic groups, with the contribution of autochthonous resources to herbivorous-
detritivores being higher in the open canopy than in the riparian forest and the
contribution of higher allochthonous resources to the omnivores-carnivorous of riparian

forest areas. The detailed mean and credibility interval values are reported in Table 4.
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Figure 5 - Results of SIAR Bayesian mixing models for the estimation of fine particulate
organic matter, autochthonous and allochthonous resource contribution to biomass of
herbivorous-detritivorous and omnivorous-carnivorous fish consumers in littoral with

open canopy (left panel) and riparian forest cover (right panel).
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The patterns of food sources fuelling fish biomass seem to differ between trophic
groups. Most herbivorous-detritivorous fish increase their autochthonous-supported
biomass towards open canopy sites, but a mixture of resources, with consistent high
importance of FOM (fuelling c.a. 40% of biomass) is found at all sites (Table 4, Figure
3). However, for omnivorous-carnivorous fish there is a consistent pattern of high
allochthonous support for all species and sites and an increasing allochthonous support

towards the littorals with riparian forest in half of the species (Table 4, Figure 3).

When the species were pooled into trophic groups in a single analysis
herbivorous-detritivorous seems similarity supported by FOM, autochthonous and
allochthonous resources, perhaps with a higher importance of FOM and autochthonous
resources than direct allochthonous resources (Figure 4). However, the allochthonous
resource contribution to omnivorous-carnivorous fish is higher in the riparian vegetation
than in the open canopy littorals (83.4 (74.3-92.7) vs. 70.5 (56.7-83.0 mean and 95%
Cl, for each site respectively). This increase in allochthonic support to biomass in the
forested areas occur associated with a decrease in both autochthonous and FOM

resource contribution towards littorals with riparian vegetation (Table 4, Figure 4).

Finally when considering assemblage biomass-weighted estimations we
observed that the differences in origin of resource support to total fish biomass become
clearer and showing a consistent increase in allochthonous support to total fish biomass
towards littorals with riparian forest (increasing from supporting c.a. 57% of total
biomass in the open canopy to c.a. 70% of total biomass in the riparian forest littorals)
(Table 4). This increase encompassed a decrease in the support of autochthonous
resources from c.a. 20 % of total biomass in open canopy to c.a. 16% of total biomass
in riparian forest littorals, and an apparently stronger decrease in importance of FOM,
supporting >20% of total biomass in open canopy and only 15 % of the total biomass in

the riparian forest littorals.

3.1.4 Discussion

Our results showed clearly that the total biomass of fish in this newly formed
reservoir was mainly subsidized from allochthonous resources, both in open canopy

littorals and in littorals with riparian forest. In the latter, the contribution of allochthonous
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resources to biomass significantly increased with respect to open canopy sites for the

species with omnivorous-carnivorous feeding behavior.

Similar general results were found in studies conducted in large reservoirs
such as the Three Gorges Dam reservoir, in China, found that the allochthonous
material was the dominant carbon source for the consumers (DENG et al., 2018). The
same was observed in other reservoirs in Brazil, such as the Medium and Lower Tieté
River(SP) (PEREIRA et al.,, 2002; SMITH, 2003b), Lajes reservoir (RJ) (DIAS et al.,
2005) and Itupararanga reservoir (SP) (RIBEIRO et al., 2014).

In contrast, in the Parana River basin, it was found that the autochthonous
resources were the main source of energy for food webs in the reservoirs
(HOEINGHAUS et al., 2007). Similar results were found by Freedman et al., (2014) in
the impoundments of the Allegheny River, United States, where the dependence of fish
on nutrients from autochthonous sources was evident. Furthermore, a more balanced
contribution of both autochthonous and allochthonous resources is sometimes found, as
it was verified by an investigation using stable isotopes to study the trophic structure of
communities of the Upper Mississippi River (HERWIG et al., 2007). Despite these
similarities and general disparities with several studies, it is important to note that these
reservoirs are large and have low turbidity, a condition different from that found in our
study. Still, none of them analyzed in detail the differences between the coastal areas of

contrasting riparian forest within the same reservoir.

In this study, most of the fish biomass was fuelled, on a larger scale, by the
allochthonous material, mainly in the region that presented riparian forest at the banks
of the reservoir, which confirms our initial hypothesis. Differences in the basal
supporting resources between open canopy and preserved riparian forest littorals were
observed for all trophic groups. For the herbivorous-detritivores found in our study, the
contribution of autochthonous resources was higher in the open canopy littorals,
probably due to the increased primary production influenced by the higher light
irradiation. This can be explained by the fact that periphyton might be important energy
sources for organisms that feed on the bottom (ARAUJO-LIMA et al., 1986;
BENEDITO-CECILIO et al., 2000), as was evidenced mainly in the species Apareiodon

affinis and Steindachnerina brevipinna.
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For A. affinis the proportion of biomass fuelled by autochthonous resources was
greater than 50% in the areas of open canopy littorals. The importance of this resource
may be related to the behavior of the species of exploring and grazing in the bottom of
shallow habitats, near to the riverine area (CASATTI et al.,, 2003). However,
allochthonous FOM resources were also important subsidies to A. affinis biomass, since
it was higher than 30% both in open canopy and in riparian forest littorals. As for the
herbivorous-detritivorous species S. brevipinna, that may present high dietary
specialization by diatoms (GIORA and FIALHO, 2003), the consumption of
autochthonous resources prevailed in open canopy littorals, representing 43.8% of the
biomass. In contrast, in riparian forest littorals, the FOM allochthonous resources
accounted for 44.7% of the biomass of this species. Among the autochthonous items,
the consumption of benthic algae by these two species of fish may have been an

important food source.

The species Iheringichthys labrosus, Pachyurus bonariensis, Galeocharax
humeralis and Parapimelodus valenciennes, that are second and third order
consumers, assimilated carbon mainly from allochthonous resources in both open
canopy and riparian forest littorals. The analysis of the stomach content of the fish
collected in this study revealed that the species I. labrosus is omnivorous, with a varied
consumption of items, prevailing insects, bivalves and terrestrial vegetation. The
species P. bonariensis and P. valenciennis present as carnivorous with preference for
insects, with a relevant presence of immature insects of the Ephemeroptera order in the
stomach of P. bonariensis, which is in accordance with the studies of Fugi et al. (2007)
and Lima and Behr (2010).

There are few studies on the feeding behavior of the species P. valenciennis. In
reservoirs at the upper Parana River, rich in nutrients and with high water transparency,
this species is planktivore with a clear tendency to consume zooplankton (AGOSTINHO
et al.,, 1999; GOMES and MIRANDA, 2001). In this reservoir, where plankton has
difficulty growing due to the high turbidity (< 55 cms), the species showed a tendency to
insectivore and the allochthonous resources represented more than 80% of its biomass
in both littorals. For the insectivorous species the allochthonous contribution may be
associated with the insect feeding, which in many cases is related to the ingestion of

biofilm colonies, in addition to debris, including allochthonous plant material. G.
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humeralis has shown to be a carnivorous species, feeding mainly of Siluriformes fishes
that possibly assimilate allochthonous carbon thus transporting allochthonous carbon to

the top of food webs.

Nevertheless, when comparing the food content of species captured in open
canopy and riparian forest, most of the species studied did not present differences
between the food items consumed in open canopy and littoral coasts with riparian
forest, unlike that observed when using stable isotopes. This is probably because the
input of allochthonous carbon to foodwebs occurs mostly via detritus feeding primary
consumers and not so much on a direct pathway (e.g. higher fding on trrestrial insects
or vegetation by fish). The only exeption to this seems to be th species I. labrosus which

consumed higher proportions of terrestrial vegetation in their diets in open canopy sites.

It seems reasonable to speculate that allochthonous originated organic matter
(e.g. detritus) might be available in greater quantities in the coastal areas with forest
due to the constant input and decompostion of terrestrial vegetation. Furthermore light
limitation in littorals with riparian forest my cause a lower standng stock of benthic
algae. This two non-mutually excluding mechanisms might well be the main drivers
behing the observed ecological pattern, similarily as postulated bfore for stream
ecosystems (e.g. GONZALEZ-BERGONZONI et al., 2018).

Stable isotopes are especially useful as tracers of animal movement between
habitats because d™C can trace energy and carbon sources and 5N can identify
feeding relationships and trophic position (VINAGRE et al., 2008) and the conclusions
about movement patterns depend on the foraging and assimilation of isotopically
distinct foods (HOBSON, 1999). The isotopic differences found in some species of our
research suggest that these species feed in the areas where they were collected, at
least during the time that stable isotopes are representative in the muscles (two weeks
or more). The species that did not present isotopic differences may be members of
several habitats, that move in all environments. Thus, the isotopes suggest that the
species G. humeralis and I. labrosus are more local and the other species may be
integrating other environments. The reason why I. labrosus was the only species that
presented different isotopic signal and different alimentary content between the two
areas can be related to the spatial segregation by size that presents this species, where
smaller individuals are found in the open canopy feeding mainly of authochthonous
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resources and the largest in the riparian forest fed primarily from allochthonous
resources. The occupation of different habitats represents an exposure to different
conditions of availability of resources, determining the items to be consumed, avoiding
competition between species (WINEMILLER and KELSO-WINEMILLER, 1994).

The mechanisms by which terrestrial carbon is assimilated in the food webs are
through direct feeding of debris, such as leaves, fruits, seeds, flowers and terrestrial
invertebrates, or through aquatic invertebrates that feed on terrestrial debris coming
from riparian forest. The allochthonous nutrients can be passively transported between
ecosystems and act as an upward force, increasing the productivity of the receptor
ecosystem and spreading throughout the food chain (RECALDE et al., 2016). The
carbon sources that support the riverine food chains may vary, depending on the
temporal and spatial patterns of all types of environmental conditions (PINGRAM et al.,
2012), and be altered in response to anthropogenic disturbances and variations in the
hydrogeomorphic complexity (DELONG and THOMS, 2016).

In our research, we considered the FOM and as a separate source, because
several species use this resource (e.g. the detritivorous). The high availability of FOM
seems to be the most plausible cause of its greater uptake in fish biomass, since higher
amounts of FOM are deposited on the bottom of the reservoir in lentic environments,
making it more available for the consumers. We also observed that the contributions of
FOM were greater in open canopy than in riparian forest littorals (23% - 15%), probably
due to erosion processes that carry the organic matter into the reservoir. In the present
study, by visual inspection using a microscope, we observed that the FOM was
composed mainly by particles of terrestrial organic matter and not by algae. Similar
results were found in other rivers (BUNN et al., 2003; LI and DUDGEON, 2008; WANG
et al., 2014; ROACH and WINEMILLER, 2015). Within the Uruguay River basin, the ljui
River is characterized as being one of the most turbid. The turbidity of this river is
associated to erosion and runoff processes that occur throughout its course, caused by
inadequate use of the soil for crops in addition to the reduction of riparian vegetation
(DIDONE, et al., 2014, DIDONE et al., 2017). Due to high turbidity, values of water
transparency lower than 50 cm are common, such as those recorded in our study when

using the Secchi disk. These values probably have negatively interfered in the formation
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of the planktonic community, and consequently, in the low energy supply of the

autochthonous sources to the food webs.
3.1.5 Conclusion

The total fish biomass of the Passo S&o Joédo reservoir was generated mainly
from allochthonous resources, both in open canopy and in preserved riparian forest
littorals, especially for species of omnivore and carnivorous feeding behavior, showing

that these resources are essential to the food sustain of the fish community.

In this sense, the preservation and reforestation of riverine areas are fundamental
for the conservation of the diversity of aquatic organisms. In the current scenario in
which deforestation is affecting several watersheds with high loss of vegetation would
already be due to the expansion of agriculture, mining, livestock or urban development
(PELICICE et al. 2017), this study shows that this impact transcends the terrestrial
environment, since this vegetation is important as a supplier of allochthonous resources
for the fish community of rivers. Thus, the withdrawal of forests tends to impoverish the
rivers, particularly those that have high turbidity and that show little autochthonous
production. This research provides relevant information on the sources that supply the
biomass of the fish community and on the functioning of the ecosystem in the Passo
Sao Joao reservoir as well as its trophic interactions. This information can be used as a
management tool, not only the in the area of influence of the reservoir, but along the
whole channel of the ljui River. It can be understood that the preservation and increase
of riparian forest of the river is one of the most important needs, since the largest
source of energy comes from outside the river, mainly from riverside vegetation. This
occurs due to the reduced autochthonous production, that may even be indirectly
benefited by the containment of erosive processes through the reforestation of the
riverine areas (DIDONE et al., 2017). Future studies should investigate how the
presence of riparian forest influences the composition and population structure of fish in
the reservoirs, as well as verify if the other reservoirs of the Uruguay River have the
same tendency in the ljui River regarding to the importance of the allochthonous

material.
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Suplementary Appendix S1 — ANALYSIS OF THE STOMATIC CONTENT OF
EACH SPECIMEN ESPRESSED THROUGH THE VOLUME (MM3)

Apareiodon affinis

Food item Open Canopy Riparian
(mm3) Forest (mm3)
Terrestrial 90 130
vegetation
Algae 17 9
Debris 404 255
Astianax fasciatus
Food item Open Canopy Riparian
(mm?3) Forest (mm?)
Diptera pupa 1
Ephemeroptera 798 588
Trichoptera 12
Coleoptera 99
Hyminoptera 32 2
Odonata 4
Insects aquatic 66 22
Insects terrestrial 76 168
Terrestrial 297 533
vegetation
Seed 6
Algae 16
Debris 342 245
Egg 3
Astianax lacustres
Food item Open Canopy Riparian
(mm3) Forest (mm3)
Chironomidae 6
Ephemeroptera 75 46
Aracnidea 82 33
Hyminoptera 235 346
Orthopera 23
Insects aquatic 27
Insects terrestrial 113 280
Terrestrial 55 1310
vegetation
Seed 765 118
Algae 690 225
Debris 129 151
Acari 1
Irudinea 1
Cyphocharax voga
Food item Open Canopy Riparian
(mm?3) Forest (mm?)
Debris 1.185 1.110




Galeocharax humeralis

Food item Open Canopy Riparian
(mms3) Forest (mm?)
Siluriforme 11.800 22.700
Characiforme 2.600
Iheringichthys labrosus
Food item Open Canopy Riparian
(mm3) Forest (mm3)
Chironomidae 419 128
Chironomidae 12 6
pupa
Diptera pupa 1 6
Ephemeroptera 273 124
Coleoptera 3
Hyminoptera 2 21
Trichoptera 3 17
Insects aquatic 28 29
Insects terrestrial 3 6
Terrestrial 95 69
vegetation
Seed 37 16
Debris 942 1507
Acari 5 1
Bivalve 153 237
Gastropode 5 11
Crustacea 1 16
Tecameba 3 3
Egg 11 8
Scales 7 289
Pachyurus bonariensis
Food item Open Canopy Riparian
(mm3) Forest (mm3)
Chironomidae 254 243
Chironomidae 21
pupa
Diptera pupa 3
Ephemeroptera 2158 2814
Trichoptera 14 10
Insects aquatic 60 24
Terrestrial 55
vegetation
Debris 271 361
Bivalve 17
Egg 20 461
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Parapimelodus valencienis

Food item Open Canopy Riparian
(mm?3) Forest (mm?)
Chironomidae 78 24
Chironomidae 40 2
pupa
Diptera pupa 4 1
Ephemeroptera 329 193
Coleoptera 3
Hemiptera 6
Odonata 33
Trichoptera 1
Insects aquatic 2 26
Insects terrestrial 10 6
Terrestrial 117 54
vegetation
Seed 2
Debris 783 689
Acari 6 1
Bivalve 2
Egg 2
Steindachnerina brevipina
Food item Open Canopy Riparian
(mms3) Forest (mm?)
Debris 218 291
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