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RESUMO 

Invasões biológicas estão entre as principais causas de extinção da biodiversidade. Espécies 

não nativas podem interferir na estrutura das comunidades nativas, pois podem deter 

características biológicas que favorecem a ocupação do ambiente invadido. Entretanto, os 

mecanismos subjacentes ao processo de invasão, como a competição por recursos entre as 

espécies nativas e não nativas, ainda são pouco estudados para grande parte dos sistemas 

ecológicos. Considerando que o uso de recursos alimentares é uma das principais dimensões do 

nicho ecológico das espécies, quantificar o grau de sobreposição de nicho trófico entre espécies 

é um passo fundamental para a compreensão dos efeitos da invasão biológica. Espera-se que a 

competição seja mais intensa quando as espécies não nativas e nativas são taxonomicamente 

e/ou ecologicamente semelhantes. Aliado ao processo de introdução em ambientes naturais, a 

degradação ambiental parece facilitar o estabelecimento de espécies não nativas nos 

ecossistemas. Alterações de paisagem e uso do solo, geralmente ocasionam homogeneização 

do habitat e diminuem a disponibilidade e diversidade de recursos para os organismos, podendo 

aumentar a competição intra e interespecífica e potencialmente prejudicar as espécies nativas, 

visto que as espécies não nativas são mais tolerantes às mudanças das condições físicas do 

habitat. Devido ao histórico de degradação combinado a casos emblemáticos de introdução de 

espécies de peixes, a Bacia do Rio Doce é um modelo de estudo adequado para testar hipóteses 

sobre mecanismos de invasão biológica. Neste contexto, este estudo tem como objetivo 

descrever a dieta e quantificar a sobreposição de nicho trófico entre um par de espécies de peixe 

nativo (Deuterodon cf. taeniatus) e não-nativo (Knodus moenkhausii) na bacia do Rio Doce. 

Testamos a hipótese de que a sobreposição de nicho trófico entre este par de espécies de peixes 

aumenta em locais com nível mais elevado de degradação ambiental na bacia. Para testar tal 

hipótese, aplicamos protocolo de avaliação de habitat físico adaptado para rios, coleta de peixes, 

análise de conteúdo estomacal, cálculos de sobreposição de nicho trófico e de degradação 

ambiental. De acordo com nosso estudo, confirmamos que ambas as espécies possuem hábito 

alimentar onívoro, com alta plasticidade trófica e oportunismo alimentar. Deuteredon cf. 

taeniatus e Knodus moenkhausii apresentam alta sobreposição de nicho trófico na maioria dos 

locais analisados, indicando que a espécie não nativa possivelmente compete por recursos com 

a espécie nativa. Por outro lado, o nível de sobreposição de nicho trófico não foi afetado pelo 

nível de degradação ou por outras variáveis ambientais. 

Palavras-chaves: Dieta; Invasão biológica; Interação ecológica; Variáveis ambientais; 

Ictiofauna; Água doce. 



 
 

 

ABSTRACT 

Biological invasions are among the main causes of biodiversity extinction. Non-native 

species can interfere with the structure of native communities, as they can possess biological 

characteristics that favor the occupation of the invaded environment. However, the 

mechanisms underlying the invasion process, such as competition for resources between 

native and non-native species, are still poorly studied for most ecological systems. 

Considering that the use of food resources is one of the main dimensions of the 

environmental niche of species, quantifying the degree of trophic niche overlap between 

species is a fundamental step toward understanding the effects of biological invasion. 

Competition is expected to intensify when non-native and native species are taxonomically 

and/or ecologically similar.  In addition to the introduction process in natural environments, 

environmental degradation seems to facilitate the establishment of non-native species in 

ecosystems. Changes in landscape and land use generally cause habitat homogenization and 

decrease the availability and diversity of resources for organisms, which can increase intra- 

and interspecific competition and potentially harm native species, since non-native species 

are more tolerant of changes in the physical conditions of the habitat. Due to the history of 

degradation combined with emblematic cases of introduced fish species, the Rio Doce Basin 

is a model study well suited for testing hypotheses about biological invasion mechanisms. 

In this context, this study aims to describe the diet and quantify the trophic niche overlap 

between a pair of native (Deuterodon cf. taeniatus) and non-native (Knodus moenkhausii) 

fish species in the Rio Doce basin. We tested the hypothesis that the trophic niche overlap 

between this pair of fish species increases at higher levels of environmental degradation in 

the basin. To test this hypothesis, we applied a physical habitat protocol adapted for rivers, 

collected fish, analyzed stomach contents, and calculated trophic niche overlap and 

environmental degradation. According to our study, we confirmed that both species have 

omnivorous feeding habits, with high trophic plasticity and feeding opportunism. 

Deuteredon cf. taeniatus and Knodus moenkhausii show high trophic niche overlap in most 

of the sites analyzed, indicating that the non-native species possibly compete for resources 

with the native species. On the other hand, the level of trophic niche overlap was not 

affected by the level of degradation or the local environmental variables. 

 

Key words: Diet; Biological invasions; Ecological interaction; Environmental variables; 

Ichthyofauna; Freshwater. 



 
 

 

LISTA DE ILUSTRAÇÕES 

 

1. Figura S1. Figura esquemática da sobreposição de nicho trófico entre o par de 

espécies nativa e não nativa..…………………………………………....…………..15 

2. Figura S2. Par de espécies nativa (Deuterodon cf. taeniatus) e não nativa (Knodus 

moenkhausii) na Bacia do Rio Doce……………….....……………………………...17 

3. Figura S3. Alguns pontos de coleta de dados da amostragem do projeto ICTIODOCE-

ICB/UFMG em 2022………....……………………………………………..………18  

4. Figura S4. Amostragem de peixes e obtenção de dados ambientais do projeto 

ICTIODOCE - ICB/UFMG, campanha de 2022………………….………………....19 

5. Figura S5. Análise de conteúdo estomacal no laboratório de Ecologia de Peixes – 

UFMG, utilizando a lupa Zeiss Stemi DV4……………….…………………………19 

6. Figura S6. Trato gastrointestinal das espécies de peixes Deuterodon cf. taeniatus e 

Knodus moenkhausii……………………………………………………..………….20 

7. Figura S7. Itens encontrados no conteúdo estomacal de exemplares das espécies de 

peixes Deuterodon cf. taeniatus e Knodus moenkhausii da Bacia do Rio Doce…..…20 

8. Figure 1. Map of the Rio Doce basin showing the sampling sites used in the IctioDoce 

Project and the 10 sites selected for our study……………….………………………27 

9. Figure 2. Frequency of occurrence (Fo%) and Relative volume (Vo%) of the main food 

items consumed by the native fish Deuterodon cf. taeniatus and the non-native fish 

Knodus moenkhausii from the Rio Doce Basin, Brazil…………………..……..……33 

10. Figure 3. Generic graph built based on the IAi (Feeding Index) of the items consumed 

by Deuterodon cf. taeniatus and Knodus moenkhausii, showing an overall change in 

the predominant food items used over the 10 sampling sites in the Rio Doce basin, 

Brazil………………………...……………………………………………………...34 

11. Figure 4. Trophic niche overlap between native fish Deuterodon cf. taeniatus and the 

non-native fish Knodus moenkhausii for the 10 sampling sites from Rio Doce basin, 

Brazil…………………………...…………………………………………………...34 

12. Figure 5. Relationship between Trophic niche overlap between the native fish species 

Deuterodon cf. taeniatus and non-native Knodus moenkhausii and Integrated 

Disturbance Index (IDI), and other local environmental variables (XCMG - mean total 

riparian cover; XDEPTH_S – mean depth in transect; XFC_NAT – mean natural fish 

cover) for all sampling sites, Rio Doce Basin, Brazil…………………….………….36 



 
 

 

13. Figure A1. Demonstration of the 11 marginal plots where information on 

environmental variables and fish collection was obtained in river sites if the Rio Doce 

basin…………………………………………………………………………………49 

14. Figure A2. Standard length (cm) of the native fish Deuterodon cf. taeniatus and the 

non-native fish Knodus moenkhausii from the Rio Doce Basin, 

Brazil………………………………………………………………………….…….49 

15. Figure A3. Gastrointestinal tract (cm) of the native fish Deuterodon cf. taeniatus and 

the non-native fish Knodus moenkhausii from the Rio Doce Basin, 

Brazil……………………………………………………………………...………...50 

16. Figure A4. The ratio between gastrointestinal tract size and standard length (cm) of 

the native fish Deuterodon cf. taeniatus and the non-native fish Knodus moenkhausii 

from the Rio Doce Basin, Brazil……………………………………………………..50 

17. Figure A5. Accumulation curves of food items consumed in each studied site in the 

Rio Doce basin, by the two characid fish species………..…………………………..51 

 

 

  



 
 

 

LISTA DE TABELAS 

 

1. Table 1. Frequency of occurrence (Fo%), Relative volume (Vo%), and Feeding Index 

(IAi) of items consumed by the native fish species Deuterodon cf. taeniatus and by 

the non-native fish species Knodus moenkhausii at the 10 sampling sites distributed in 

the Rio Doce Basin, Brazil……………………………………...………………...…30 

2. Table 2. Trophic niche overlap (Pianka´s index) between Deuterodon cf. taeniatus and 

Knodus moenkhausii, Integrated Disturbance Index (IDI), and other environmental 

variables (XCMG - mean total riparian cover; XFC_NAT - mean natural shelter cover; 

XDEPTH_S – mean depth in the transect), for the 10 sampling sites from Rio Doce 

basin, Brazil…………………………………………………………………………35 

 

  



 
 

 

SUMÁRIO 

 

Apresentação geral: .................................................................................................................. 14 

REFERÊNCIAS ....................................................................................................................... 21 

1. Introduction ....................................................................................................................... 24 

2. Methods ............................................................................................................................. 26 

2.1 Study area .................................................................................................................. 26 

2.2 Data collection ........................................................................................................... 27 

2.2.1 Environmental data .................................................................................................... 27 

2.2.2 Fish sampling ............................................................................................................. 28 

2.2.3 Stomach content analysis ........................................................................................... 28 

2.3 Environmental degradation ........................................................................................ 29 

2.4 Trophic niche overlap ................................................................................................ 29 

3. Results ............................................................................................................................... 30 

4. Discussion ......................................................................................................................... 36 

5. Conclusion ......................................................................................................................... 40 

REFERENCES ......................................................................................................................... 42 

SUPPLEMENTARY MATERIAL .......................................................................................... 49 

 

 

 



14 
 

 

Apresentação geral: 

Invasões biológicas são apontadas por muitos autores como uma das maiores ameaças 

à biodiversidade global (Meyerson et al., 2019). Espécies não nativas são capazes de 

interferir na estrutura das comunidades e ocasionar grandes alterações em processos 

ecológicos e no funcionamento de ecossistemas (Wang et al. 2021; Vitule e Prodocimo, 

2012). Frequentemente, tais espécies detêm características biológicas que favorecem a 

ocupação do ambiente invadido, como rápido crescimento populacional, tolerância às 

mudanças das condições físicas, alta taxa de fecundidade e plasticidade alimentar (Wootton, 

1998; Kolar e Lodge, 2000; Spínola e Ferreira Julio Junior, 2007). As espécies invasoras 

tendem a explorar os recursos disponíveis no ecossistema invadido, estabelecendo 

interações com as espécies nativas (David et al., 2017). O processo de invasão é geralmente 

divido em cinco etapas (1) transporte de uma espécie para outra localidade diferente da sua 

área de distribuição nativa por ações antrópicas; (2) introdução em um novo ambiente; (3) 

estabelecimento (capacidade da espécie de se reproduzir no ambiente invadido); (4) 

disseminação; e (5) impactos (alterações causadas pelas espécies invasoras no ecossistema 

receptor) (Moyle&Light 1996; Blackburn et al. 2011; Bernery et al. 2022). Entender quais 

são os mecanismos subjacentes ao processo de invasão e como as espécies não nativas 

impactam a biodiversidade por meio de interações com as espécies nativas continua sendo 

uma lacuna importante do conhecimento (Bernery et al., 2022; Vitule and Prodocimo, 

2012).  

A competição por recursos entre espécies nativas e não nativas é um dos mecanismos 

possíveis ao longo do processo de invasão. Quando espécies não nativas partilham 

requisitos ecológicos semelhantes e estão sujeitas às mesmas condições ambientais que as 

espécies nativas, podem reduzir a disponibilidade e a qualidade dos recursos utilizados pelas 

nativas (Firth et al., 2021; Britton et al., 2019). O nicho de uma espécie pode incluir o tipo 

de habitat que ocupa, suas exigências alimentares, tolerâncias às condições ambientais, 

requisitos reprodutivos, entre outras diversas dimensões (Hutchinson, 1959). Espera-se que 

espécies distintas sejam funcionalmente diferentes ao longo das dimensões de um espaço 

Hutchinsoniano (Rosenfeld, 2002), de tal forma que, sob condições de sobreposição mínima 

de nicho, deve haver aumento da exploração de recursos disponíveis após a introdução de 

espécies adicionais em uma comunidade (Tilman et al., 1997; Loreau et al., 2001; Cardinale 

et al., 2002). Considerando que o uso de recursos alimentares é uma das principais 

dimensões do nicho ecológico das espécies (Schoener, 1983; Toft, 1985), quantificar o grau 
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de sobreposição de nicho trófico interespecífico é um passo fundamental para a 

compreensão dos efeitos da invasão biológica (Figura S1). Espera-se que a competição seja 

mais intensa quando as espécies não nativas e nativas são taxonomicamente e/ou 

ecologicamente semelhantes (Dick et al., 2017). 

 

Figura S1. Figura esquemática da sobreposição de nicho trófico entre o par de espécies nativa e 

não nativa. 

 

Aliado ao processo de invasão em ambientes naturais, a degradação parece facilitar o 

estabelecimento de espécies não nativas, visto que essas são geralmente mais tolerantes 

(Simberloff & Rejmánek, 2011). Alterações na paisagem modificam as condições 

ambientais e podem reduzir a disponibilidade de habitats e recursos alimentares, 

aumentando a competição intra e interespecífica e, potencialmente, prejudicando espécies 

nativas (Chapin et al., 2000; Souza, 2022). Particularmente para os sistemas de água doce, 

a agricultura e a urbanização são importantes fontes de mudanças no uso da terra que afetam 

o habitat físico, a qualidade da água e a entrada de energia no sistema (Mello et al., 2020). 

Tais alterações são responsáveis pelo aumento das cargas de sedimentos e nutrientes nos 

cursos d’água, bem como de poluentes tóxicos, resíduos orgânicos, coliformes fecais, 

fósforo e nitrogênio (Mello et al., 2020; Maia et al. 2022). Em relação aos efeitos nas 

condições físicas do habitat local, a alteração do uso do solo e a fragmentação fluvial, 

afetam a estabilidade do leito, reduzem o sombreamento local, diminuem a complexidade 

dos abrigos e reduzem a profundidade do canal (Leitão et al., 2017). Mesmo ocorrendo em 
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menor escala territorial, a mineração é outra pressão antrópica que resulta em altos impactos 

no ambiente aquático, contaminando águas superficiais e sedimentos com metais pesados e 

outros elementos tóxicos (Maia et al. 2022; Salvador et al. 2022; 2023). Investigar a 

correlação entre a degradação ambiental e a introdução de espécies através de interações 

ecológicas é crucial para compreender o funcionamento do sistema e como as espécies não 

nativas estão afetando as nativas.  

O sistema do Rio Doce tem um histórico de introdução de espécies de peixes não nativos 

desde a década de 70 (Godinho, 1996). E, ao longo dos séculos, a bacia sofre com as 

atividades antrópicas, observando-se mudanças na paisagem e no uso do solo promovidas 

primeiramente pela mineração de ouro e, posteriormente, pela agropecuária, agroindústria 

do açúcar e do álcool, mineração de ferro, silvicultura e geração de energia elétrica (ANA, 

2024). Além disso, em novembro de 2015, ocorreu o rompimento da barragem de rejeitos 

de Fundão, da mineradora Samarco, pertencente à Vale, e da empresa anglo-australiana BHP 

Billiton, localizada na cidade de Mariana (MG). A lama de minério atingiu o Rio Gualaxo 

do Norte, depois passou pelo Rio Carmo e atravessou a calha principal do Rio Doce, 

percorrendo aproximadamente 660 km até chegar ao mar (ANA, 2024). De acordo com 

Salvador et al. (2022), após o rompimento da barragem, as espécies não nativas aumentaram 

em abundância em todas as regiões de estudo da UHE Baguari, a montante do reservatório, 

no reservatório e a jusante. Tal resultado indicou que tais espécies podem ter sido 

beneficiadas, enquanto espécies nativas tiveram perda de abundância na região a montante 

do reservatório após o rompimento da barragem de Fundão. 

Atualmente, existem cerca de 39 espécies não nativas na bacia do Rio Doce, dentre elas 

14 são consideradas casuais, ou seja, com registros esporádicos, 10 são consideradas 

estabelecidas, e 15 já causam efeitos negativos no sistema (Bueno, et al. 2021). De acordo 

com o trabalho de Souza (2022), as espécies não nativas com maior número de ocorrências 

na bacia do Rio Doce são o lebiste Poecilia reticulata, a piabinha Knodus moenkhausii, o 

cascudo Hoplosternum littorale, o mandi Pimelodus maculatus, e a tilápia-do-Nilo 

Oreochromis niloticus. Dentre os vetores de introdução de espécies, o aquarismo tem maior 

número de registros, seguido pela aquicultura, pesca esportiva e isca-viva (Souza, 2022). 

Dentre as espécies não nativas, a piabinha Knodus moenkhausii (Eigenmann & Kennedy 

1903) está amplamente distribuída na bacia do Rio Doce e em outras seis bacias 

hidrográficas do sudeste do Brasil (Bueno, et al. 2021). Além da alta pressão de propágulo 

(capacidade dos indíviduos de dispersar local ou regionalmente), é uma espécie oportunista 
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e tolerante a ambientes degradados (Vitule et al., 2009, Carvalho et al., 2017, 2019a, 2019b). 

Também amplamente distribuída na bacia, destaca-se a piabinha nativa Deuterodon cf. 

taeniatus (Jenyns 1842). Estas espécies, nativa (Deuterodon cf. taeniatus) e não nativa 

(Knodus moenkhausii), são filogeneticamente e ecologicamente relacionadas, possuem 

hábito alimentar onívoro e oportunista, com alta plasticidade alimentar (Manna et al., 2012; 

Carvalho et al., 2019a; Figura S2). Embora a dieta de ambas seja relativamente bem 

conhecida, o grau de sobreposição alimentar entre essas espécies quando partilham o 

mesmo ambiente ainda não foi investigado. 

 

 

Figura S2. Par de espécies nativa (Deuterodon cf. taeniatus) e não nativa (Knodus moenkhausii) na 

Bacia do Rio Doce. Fotos: Gilberto Nepomuceno Salvador.  

 

Investigar como as espécies não-nativas estão afetando as espécies nativas é crítico para 

a compreensão dos mecanismos fundamentais do processo de invasão biológica. Neste 

contexto, este estudo tem como objetivo central descrever a dieta e quantificar a 

sobreposição de nicho trófico entre o par de espécies de peixe nativo (Deuterodon cf. 

taeniatus) e não-nativo (Knodus moenkhausii) na bacia do Rio Doce. Adicionalmente, 

considerando a redução da disponibilidade e diversidade de recursos em ambientes 

degradados, testamos a hipótese de que a sobreposição de nicho trófico entre este par de 

espécies de peixes aumenta em níveis mais elevados de degradação ambiental na bacia. 

Este trabalho está vinculado ao projeto ICTIODOCE - ICB/UFMG, que tem como 

objetivos principais, investigar os efeitos do ambiente, em escala de bacia e de habitat local, 

sobre a distribuição e aspectos ecológicos das espécies de peixes do Rio Doce para entender 

como o desastre de Fundão levou à reestruturação da ictiofauna. E, além disso, investigar 

os efeitos do desastre sob o ponto de vista das espécies raras e ameaçadas de extinção, assim 
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como das espécies não nativas. O material biológico foi proveniente de amostragens 

realizadas em 46 pontos ao longo da Bacia do Rio Doce na estação seca de 2022.  Os pontos 

foram distribuídos aleatoriamente na bacia em rios acima da 6ª ordem sensu Strahler (1957). 

Neste estudo, selecionamos apenas 10 do total de pontos amostrados (Figura S3), utilizando 

como critério a coocorrência de ambas as espécies e o número mínimo de indivíduos para 

uma análise robusta dos conteúdos estomacais e da sobreposição de nicho. 

 

 

Figura S3. Alguns pontos de coleta de dados da amostragem do projeto ICTIODOCE-ICB/UFMG 

em 2022. IBIRD 11- Rio Santa Margarida; IBIRD 13 – Rio Tanque; IBIRD 23 – Rio Suaçuí 

pequeno; IBIRD 29 – Rio Suaçuí Grande; IBIRD 07 - Rio Suaçuí Grande; IBIRD 44 – Rio Doce. 

Fotos: Gilberto Nepomuceno Salvador. 

 

O método utilizado nesse estudo envolveu aplicação de protocolo de avaliação de 

habitat físico adaptado para rios (EPA – US; Peck et al., 2006), coleta de peixes (Figura S4), 

análise de conteúdo estomacal em laboratório (Figura S5), cálculos de sobreposição de 

nicho trófico e de degradação ambiental. 
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Foto S4. Amostragem de peixes e obtenção de dados ambientais do projeto ICTIODOCE - 

ICB/UFMG, campanha de 2022.  

 

 

Foto S5. Análise de conteúdo estomacal no laboratório de Ecologia de Peixes – UFMG, utilizando 

a lupa Zeiss Stemi DV4. 
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É possível visualizar a semelhança morfológica do trato gastrointestinal das espécies 

(Figura S6), com presença de cecos pilóricos, caractere típico de espécies com hábito 

alimentar onívoro. Além disso, observamos grande diversidade de itens nos estômagos dos 

exemplares examinados (Figura S7). 

 

 

Foto S6. Trato gastrointestinal das espécies de peixe (A) Deuterodon cf. taeniatus e (B) Knodus 

moenkhausii. 

 

 

Foto S7. Itens encontrados no conteúdo estomacal de exemplares das espécies de peixes Deuterodon 

cf. taeniatus e Knodus moenkhausii da Bacia do Rio Doce. Em sequência: (A) Hymenoptera; (B) 

microplástico; (C) fragmentos de insetos alóctones; (D) detrito orgânico; (E) Acari terrestre; (F) fios 

de nylon; (G) Hemiptera; (H) Trichoptera; (I) Tipulidae; (J) detrito inorgânico; (K) Thysanoptera; 

(L) Chironomidae; (M) Acari aquático; (N) sementes; (O) Aranea.  

 

Foi apresentado um panorama geral das teorias ecológicas, dos mecanismos e 

metodologias abordadas na dissertação, que contém apenas um capítulo e está apresentada 

em formato de artigo científico. Construímos o trabalho nesse formato, com objetivo de 

submeter ao periódico “Water Biology and Security” na edição especial “Mine Tailings 

Facility Disasters: Aquatic Ecological Effects and Policy”. 
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1. Introduction 

Biological invasions are among the main threats to biodiversity worldwide, leading to 

increasing levels of native species extinctions (Meyerson et al., 2019). Non-native species can 

affect the structure of biological communities and cause profound changes in ecological 

dynamics and processes, such as the erosion of native biodiversity and ecosystem functioning 

(Souza et al. 2021; Wang et al. 2021; Vitule and Prodocimo, 2012). These species often have 

biological characteristics that favor the colonization and establishment of new environments, 

such as rapid population growth, tolerance to changing physical conditions, high fecundity 

rates, and dietary plasticity (Spínola and Ferreira, 2007; Kolar and Lodge, 2000; Wootton, 

1998). 

Understanding the mechanisms underlying invasion success and the consequent 

biodiversity loss remains an important knowledge gap (Bernery et al., 2022; Vitule and 

Prodocimo, 2012). One of these mechanisms is the competition for resources between native 

and non-native species (Reference). When non-native species shared similar ecological 

requirements and are subject to the same environmental conditions of the native species, they 

may reduce the availability and the quality of food resources used by the latter (Firth et al., 

2021; Britton et al., 2019). Considering that the use of food resources is one of the main 

dimensions of the ecological niche of species (Schoener, 1983; Toft, 1985), quantifying the 

degree of trophic niche overlap between species is a fundamental step toward understanding 

the effects of biological invasion on the native communities mediated by competition. 

Environmental degradation seems to facilitate the establishment of non-native species, 

since they tend to be more tolerant to degraded conditions and opportunistic in the use of 

resources (Simberloff & Rejmánek, 2011). For instance, in a recent study using isotopic 

approach to understand energy assimilation from a pair of native and non-native freshwater fish 

from the Rio São Francisco basin, Southeast Brazil, Carvalho et al. (2019), found that the exotic 

species Poecilia reticulata can assimilate carbon directly from sewage, and when combined 

with its high survival rate in environments with low water quality and its reproductive strategy, 

it can establish itself successfully in heavily polluted areas.  

Particularly to freshwater systems, agriculture and urbanization are important land use 

changes affecting local physical habitat, water quality, and energy inputs to streams and rivers 

(Mello et al., 2020). They are responsible for increasing sediment and nutrient loads in 

watercourses, toxic pollutants, organic waste, fecal coliforms, phosphorus, and nitrogen (Mello 
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et al., 2020; Maia et al. 2022). Regarding the effects on local physical habitat conditions, land 

use changes and riverscape fragmentation affect bed stability, reduce local shading, decrease 

shelter complexity, and reduce channel depth (Leitão et al., 2017). Even occurring on a smaller 

territorial scale, mining is another critical human-induced pressure to aquatic environment, 

contaminating surface waters with heavy metals and contributing to high amounts of fine 

sediment to the riverine systems (Maia et al. 2022; Salvador et al. 2022; 2023). These multitude 

of factors frequently lead to high habitat homogenization and lessening the availability and 

diversity of resources for the freshwater organisms (Leitão et al., 2017; Neves et al., 2023; 

Larentis et al., 2021). In this context, landscape changes can ultimately increase intra- and inter-

competition and potentially harming native species (Chapin et al., 2000; Souza, 2022). 

Investigating the correlation between environmental degradation and species introduction 

through ecological interactions is thus a critical step to understanding how the system works 

and finding solutions for conserving native biodiversity. 

The Rio Doce Basin is a suitable study model for testing hypotheses about biological 

invasion mechanisms coupled with environmental degradation, because this freshwater system 

has: (1) a marked history of non-native fish introductions, with reports dating back to the 1970s 

(Godinho, 1996); (2) a broad gradient of environmental degradation due to human activities 

associated with landscape changes; and (3) pairs of native and non-native species that are 

phylogenetically and ecologically close-related, such as the characid fishes Deuterodon cf. 

taeniatus (Jenyns 1842) and Knodus moenkhausii (Eigenmann & Kennedy 1903). Knodus 

moenkhausii, an invasive species in the Rio Doce basin (Bueno et al., 2021), has high propagule 

pressure (ability of individuals to disperse locally or regionally) and can thrive even in degraded 

environments (Vitule et al., 2009, Carvalho et al., 2017, 2019a, 2019b). It is also an 

opportunistic species in terms of the use of food resources, with the ability to change its trophic 

niche depending on environmental conditions (Carvalho et al., 2019a). Deuterodon cf. 

taeniatus, native to the Rio Doce basin, has an omnivorous and opportunistic feeding habit, 

with high dietary plasticity (Manna et al., 2012). Although the diet of both species is relatively 

well known, it is important to understand how these ecologically and morphologically similar 

species use feeding resources when they share the same environment. 

Testing how non-native fish species are affecting native species is critical to improving our 

understanding of the fundamental mechanisms of the biological invasion process. In this 

context, this study aims to describe the diet and to quantify the trophic niche overlap between 

the native (Deuterodon cf. taeniatus) and the non-native (Knodus moenkhausii) fish species in 



26 
 

 

the Rio Doce basin. Additionally, considering the reduced availability and diversity of resources 

in degraded environments, we test the hypothesis that trophic niche overlap between this pair 

of fish species increases in higher levels of environmental degradation in the basin. 

2. Methods 

2.1 Study area 

The Rio Doce basin is located in the Brazilian Southeast, covering a drainage area of 86,715 

km², 86% of which belong to the state of Minas Gerais (MG) and the rest to the state of Espírito 

Santo (ES). The headwaters of the Rio Doce originate in the Mantiqueira and Espinhaço 

mountain ranges, and its waters travel around 850 km until reaching the Atlantic Ocean (ANA, 

2024).  

The Rio Doce system has introduced non-native fish species since the 1970s (Godinho, 

1996). The introduction of species into many lakes in the region has caused significant changes 

in native communities, resulting in several cases of local extinctions (Fragoso-Moura et al., 

2016; Souza et al., 2021; Souza, 2022). Moreover, over the centuries, faced multiple human 

activities which led to profound landscape changes, firstly by gold mining, and then by farming, 

sugar and alcohol agro-industry, iron mining, forestry, and electricity generation (ANA, 2024). 

In addition, this scenario, in November 2015, the Fundão tailings dam of the Samarco 

mining company, which belongs to Vale, and the Anglo-Australian company BHP Billiton, 

located in the city of Mariana (MG), collapsed. The ore sludge reached the Rio Gualaxo do 

Norte, then passed through the Rio Carmo and crossed the main stem of the Rio Doce, running 

for approximately 660 km until reaching the sea (ANA, 2024). 

This study is part of the ICTIODOCE - ICB/UFMG project and the biological material came 

from sampling carried out at 46 sites along the basin in dry season of 2022. These sites were 

randomly distributed using “spsurvey: Spatial Sampling Design and Analysis” package for R 

(Dumelle et al. 2023; R Development Core Team, 2023), encompassing rivers above the 6th 

order sensu Strahler (1957) (Fig. 1). In our study, we selected 10 of the total sampled sites, 

using as criteria the co-occurrence of both focal species (Deuterodon cf. taeniatus and Knodus 

moenkhausii) and the minimum number of specimens for a robust analysis of stomach contents 

and niche overlap. 
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 Figure 1. Map of the Rio Doce basin showing the sampling sites used in the IctioDoce Project (white 

dots) and the 10 sites selected for our study (red stars).  

2.2 Data collection 

2.2.1 Environmental data 

At each of the 10 sampling sites, with an extension of 1.0 to 2.0 km of the river (depending 

on the wetted width), we characterize the local physical habitat by using the boatable habitat 

assessment protocol - adapted from Environmental Protection Agency of US (EPA) (Peck et 

al., 2006). We surveyed environmental variables in 11 marginal 10x20 m plots (Figure A1), 

obtaining information for: substrate type and depth (cm); bank angle classes; counts of large 

pieces of wood; visual estimates of the riparian zone (riparian vegetation cover and human 

influence); shelter for fish; and estimation of shadding on the margins. For more details on how 

to obtain the metrics, see Peck et al. (2006). From the set of habitat variables obtained, we used 

three that indicate availability of food resources for river fish and habitat use, which are: mean 

total riparian cover (XCMG); mean natural shelter cover (XFC_NAT), and mean water column 

depth (XDEPTH_S) (Kaufmann et al., 1999). These variables had low correlation between each 

other (XCMG vs XFC_NAT = 0.55; XCMG vs XDEPTH_S = -0.24; XFC_NAT vs XDEPTH_S 

= -0.15). 
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2.2.2 Fish sampling 

We collected fish specimens in 11 marginal 10x20 m plots (Figure A1), using semicircular 

sieves (80 cm diameter, 0.5 mm of mesh size) and trawls (4 m long, 2 m high and 0.5 mm of 

mesh size). The effort was standardized over two hours (12 min per plot) of sampling by two 

people along each sampling point. In the field, all the fish were anesthetized with a lethal dose 

of eugenol solution and then fixed in formaldehyde 10%, following the Ethics Committee on 

the Use of Animals in Research of the Federal University of Minas Gerais (CEUA process 

339/2022). In the laboratory, the fish were preserved in alcohol 70% and identified to species 

level using identification keys and consultation with specialists. The Brazilian Government 

authorized this research through license number SEI/GOVMG 48.834.009. 

2.2.3 Stomach content analysis 

The stomach contents of the specimens of Deuterodon cf. taeniatus and Knodus 

moenkhausii were identified and quantified in the laboratory using a stereo microscope (model 

Zeiss Stemi DV4).  The stomachs were placed on a glass plate (1 x 1 x 1.5 mm) containing an 

alcohol solution (70%), the degree of repletion was registered, and the food items (except plant 

material, algae, seeds, and eggs) were identified to order and/or family category, when possible. 

Each food item was quantified according to the method of Kawakami and Vazzoler (1980), 

considering the relative volume (Vo%) occupied in each stomach and its frequency of 

occurrence (%) among all the stomachs analyzed for each species. Based on this information, 

we calculate the Importance Alimentary Index (IAi – also called Feeding Index): IAi = 

𝐹𝑖 𝑥 𝑉𝑖

∑ (𝐹𝑖 𝑥 𝑉𝑖)𝑛
𝑖=1

 for each food item to describe the diet. We then constructed a generic graph by 

ordering the sites along the first axis of a Principal Coordinate Analysis (PCoA) to verify the 

general pattern of food resources used among sites by the two species. 

We measured and weighed all fish specimens (mean of 3.5 cm) and, to avoid ontogenetic 

biases in dietary patterns, we chose only specimens of similar sizes in further analysis (Figure 

A2). The length of the gastrointestinal tract (GI tract) and stomach (cm) was also measured 

using a digital caliper, and the stomach was weighted (g) using a precision scale (MW 0,001g 

resolution), to compare the internal morphology of the gastrointestinal tract of the species. We 

observed a larger gastrointestinal tract in the native species Deuterodon cf. taeniatus than in the 

non-native Knodus moenkhausii (Figure A3). We also calculated the ratio between the 

gastrointestinal tract (cm) and the body standard length (cm) as complementary information on 

possible differences in feeding habits (Figure A4). During the analyses, we constructed 
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accumulation curves of the food items for each species and found that they reached the 

asymptote for almost all sites (Figure A5), which means that the number of stomachs analyzed 

was satisfactory to obtain a good representation of the species' diet.  

2.3 Environmental degradation 

We used the area of all the drainage upstream from each site to calculate land use categories. 

This classification is made using MAPBIOMAS data with a 10 m resolution based on the 

SENTINEL 2 satellite. From that, we calculated the Catchment Disturbance Index (CDI; 

Ligeiro et al., 2013; Rawer-Jost et al., 2004), as follows: CDI = (4 x % urban areas) + (2 x % 

agricultural areas) + (1 x % pasture areas). Each category was given a weight corresponding to 

the type of land use and its impact on the rivers. The values range from 0 (complete natural 

vegetation cover) to 400 (basin completely occupied by urban areas). 

To taking into account the level of local degradation (i.e., human activities in the riparian 

zone closer to sampled sites), we quantified the Local Disturbance Index (LDI). To that, we 

used the metric W1H_HALL, which is obtained from 11 metrics related to visible impacts 

caused by human activities, such as buildings, trash, pipes, roads, pasture and others (Kaufmann 

et al.; 1999). The LDI ranges from 0 (no anthropogenic disturbance observed at the local scale) 

to 16.5 (several types of disturbance observed close to each of the marginal plots). Finally, we 

calculated an integrated disturbance index (IDI; Ligeiro et al., 2013), which joins the 

information of the CDI and LDI, as follows: 

IDI = [(
𝐿𝐷𝐼

5
)

2
+ (

𝐶𝐷𝐼

300
)

2

]
1/2

 

High IDI values indicate rivers with higher levels of disturbance in both local and catchment 

scales (Ligeiro et al., 2013; Drager, 2022). 

2.4 Trophic niche overlap 

Based on the relative volume (Vo%) of organic food items found in the stomachal analysis 

(Hyslop, 1980) of Deuterodon cf. taeniatus and Knodus moenkhausii, we calculate the trophic 

niche overlap using Pianka's index: 

 

𝑂𝑗𝑘 =  ∑ 𝑝𝑖𝑗𝑝𝑖𝑘/√∑ 𝑝𝑖𝑗² ∑ 𝑝𝑖𝑘²𝑛
1

𝑛
1

𝑛
1 , 

 



30 
 

 

Ojk measures niche overlap between species j and k, where pij is the proportion of the ith 

resource for species j, pik is the proportion of the ith resource for species k and n is the number 

of resource categories (Pianka, 1973). The metric ranges from zero (no overlap) to 1 (total 

overlap). We obtained the niche overlap values using the package 'spaa' (Zhang, 2016). We 

established the trophic niche overlap (Pianka’s index) values at the following levels: high 

(>0.6), intermediate (0.4 - 0.6), or low (<0.4) (adapted from Grossman, 1986).  

Finally, to test our hypothesis that trophic niche overlap between this pair of fish species 

increases in higher levels of environmental degradation in the basin we correlated IDI and other 

local environmental variables (mean total riparian cover (XCMG); mean natural shelter cover 

(XFC_NAT), and mean water column depth (XDEPTH_S) with trophic overlap (Pianka’s 

index) between Deuterodon cf. taeniatus and Knodus moenkhausii using linear regression. The 

level of significance in all analyses was 0.05. All analyses were performed in the R statistical 

environment (version 4.3.2) (R Development Core Team, 2023). 

3. Results 

We analyzed 325 fish stomachs, being 158 (mean of 15.8 ± 8.6 per site) from Deuterodon 

cf. taeniatus, and 167 (mean of 16.7 ± 7.2 per site) from Knodus moenkhausii. Overall, 41 items 

were found in the fish stomachs, with the main ones being: autochthonous and allochthonous 

insects, plant material, microplastics, and inorganic debris (Table 1).  

Table 1. Frequency of occurrence (Fo%), Relative volume (Vo%), and Feeding Index (IAi) of items 

consumed by the native fish species Deuterodon cf. taeniatus and by the non-native fish species Knodus 

moenkhausii at the 10 sampling sites distributed in the Rio Doce Basin, Brazil. 

Species Deuterodon cf. taeniatus Knodus moenkhausii 

Number of stomachs  158 167 

Standard body length range (cm) 1.7 – 5.6 1.8 – 4.2 

ITEMS Fo  Vo  IAi Fo  Vo  IAi 

PLANTS   

Plant Material 91.77 24.95 0.36 66.67 11.07 0.13 

Filamentous Algae 62.03 10.40 0.10 66.67 13.90 0.16 

Seeds 36.08 3.76 0.02 19.21 3.48 0.01 

Microalgae 1.90 0.90 <0.01 0.00 0.00 0.00 
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ALLOCHTHONOUS 

Terrestrial insect 
      

  Hymenoptera                                             36.08 4.53 0.03 14.12 2.15 0.01 

  Diptera 41.14 1.60 0.01 18.64 0.91 <0.01 

  Coleoptera Adult 13.29 1.08 <0.01 3.95 0.27 <0.01 

  Blattodea 0.63 0.01 <0.01 0.00 0.00 0.00 

  Isopoda 0.00 0.00 0.00 0.56 0.03 <0.01 

  Siphonaptera 0.63 0.01 <0.01 0.56 0.01 <0.01 

  Thysanoptera 6.96 0.20 <0.01 0.00 0.00 0.00 

  Fragments of terrestrial insects 71.52 14.66 0.16 34.46 4.97 0.03 

 

Other terrestrial invertebrates 
      

  Aranea 1.90 0.44 <0.01 0.00 0.00 0.00 

  Acari 15.82 0.34 <0.01 3.39 0.10 <0.01 

 

AUTOCHTHONOUS 
      

Aquatic insects 
      

  Ceratopogonidae 15.19 0.49 <0.01 11.30 0.55 <0.01 

  Chironomidae 72.15 4.90 0.06 64.41 8.52 0.10 

  Coleoptera larvae 3.80 0.28 <0.01 2.82 0.22 <0.01 

  Dixidae 0.00 0.00 0.00 0.56 0.01 <0.01 

  Elmidae 0.63 0.01 <0.01 0.00 0.00 0.00 

  Empididae 5.06 0.49 <0.01 4.52 0.70 <0.01 

  Ephemeroptera 27.22 1.64 0.01 53.67 5.55 0.05 

  Hemiptera larvae 3.16 0.18 <0.01 1.69 0.31 <0.01 

  Odonata 0.63 0.07 <0.01 0.56 0.07 <0.01 

  Plecoptera 1.90 0.03 <0.01 0.00 0.00 0.00 

  Diptera pupae 21.52 1.05 <0.01 31.64 1.80 0.01 

  Simulidae 9.49 0.24 <0.01 5.65 0.21 <0.01 

  Tabanidae 0.00 0.00 0.00 0.56 0.01 <0.01 

  Tipulidae 3.16 0.47 <0.01 4.52 0.90 <0.01 

  Trichoptera 18.35 0.95 <0.01 24.86 1.28 0.01 
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  Lepidoptera Larvae 0.63 0.02 <0.01 0.56 0.06 <0.01 

  Fragments of aquatic insects 78.48 14.33 0.18 81.92 22.63 0.33 

 

Fish 
      

  Scale 13.29 0.69 <0.01 18.64 1.35 <0.01 

 

Other aquatic invertebrates 
      

  Daphnia 1.90 0.03 <0.01 0.00 0.00 0.00 

  Collembola 1.90 0.04 <0.01 0.00 0.00 0.00 

 

Eggs 23.42 0.62 <0.01 16.95 0.53 <0.01 

 

NON-ORGANIC MATERIAL 
      

Microplastic 37.97 0.77 <0.01 25.42 0.70 <0.01 

Mineral 2.53 0.01 <0.01 0.00 0.00 0.00 

Glass 0.00 0.00 0.00 0.56 0.01 <0.01 

Cotton string 0.63 0.01 <0.01 0.00 0.00 0.00 

Detritus 39.24 8.92 0.06 50.28 17.53 0.15 

 

UNDETERMINED 
      

Organic detritus 5.70 0.85 <0.01 0.56 0.17 <0.01 

 

Considered only organic items (i.e., excluding microplastics, sand and others), the diet 

of Deuterodon cf. taeniatus consisted of 37 items, and the most representative (based on IAi 

values) were: plant material (36%), fragments of aquatic insects (18%), fragments of terrestrial 

insects (16%), filamentous algae (10%), and chironomidae (6%) (Table1; Figure 2). Knodus 

moenkhausii consumed 31 items, and the most relevant items were: fragments of aquatic insects 

(33%), filamentous algae (16%), plant material (13%), chironomidae (10%), and 

ephemeroptera (5%) (Table1; Figure 2). Only items with an IAi value higher than 5% are 

identified in the figure. 
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Figure 2. Frequency of occurrence (Fo%) and Relative volume (Vo%) of the main food items consumed 

by the native fish Deuterodon cf. taeniatus and the non-native fish Knodus moenkhausii from the Rio 

Doce Basin, Brazil. Numbers above bars are the Feeding index (IAi) values for each food item.  

 

Overall, the predominant items consumed by each fish species changed across the 10 

sites (Figure 3), and some items are shared by the species at each site, such as Hymenoptera, 

Ephemeroptera and Filamentous algae (at IBIRD19), Diptera, Trichoptera and Simulidae (at 

IBIRD 26), Acari and Fragments of aquatic insects (at IBIRD41) and Inorganic detritus, Scales 

and Eggs (at IBIRD29). 
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Figure 3. Generic graph built based on the IAi (Feeding Index) of the items consumed by Deuterodon 

cf. taeniatus (A) and Knodus moenkhausii (B), showing an overall change in the predominant food items 

used over the 10 sampling sites in the Rio Doce basin, Brazil. 

We found high trophic niche overlap (> 0.6) between Deuterodon cf. taeniatus and 

Knodus moenkhausii at 70% of the sampled sites, and intermediate overlap (0.4 - 0.6) at the 

other 30% (Figure 4). The integrated disturbance index (IDI) and other environmental variables 

showed low variation among sites (Table 2). 

 

 

Figure 4. Trophic niche overlap between native fish Deuterodon cf. taeniatus and the non-native fish 

Knodus moenkhausii for the 10 sampling sites from Rio Doce basin, Brazil. In yellow are the 

intermediate values of trophic niche overlap (0.4-0.6), and in purple are the high values (>0.6). 
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Table 2. Trophic niche overlap (Pianka´s index) between Deuterodon cf. taeniatus and Knodus 

moenkhausii, Integrated Disturbance Index (IDI), and other environmental variables (XCMG - mean 

total riparian cover; XFC_NAT - mean natural shelter cover; XDEPTH_S – mean depth in the transect), 

for the 10 sampling sites from Rio Doce basin, Brazil. 

 

RIVER SITE  
PIANKA´S 

 INDEX 
IDI XCMG XFC_NAT XDEPTH_S 

Suaçuí grande IBIRD007 0.5285 0.0381 25.4545 2.0909 0.5364 

Tanque IBIRD013 0.5714 0.0186 42.9545 5.4545 0.5236 

Doce IBIRD044 0.6005 0.0412 53.2955 3 0.8291 

Suaçuí pequeno IBIRD023 0.6878 0.0226 31.5909 2.7273 0.6227 

Urupoca IBIRD019 0.7174 0.0358 50 2.4545 0.2836 

Corrente grande IBIRD001 0.7395 0.0299 29.8864 2.2727 0.6873 

Santa Margarida IBIRD011 0.7426 0.1163 32.1591 1.1818 0.6118 

Suaçuí grande IBIRD029 0.7573 0.0324 35.1136 2.5455 0.3873 

Peixe IBIRD041 0.7669 0.0263 42.2727 3.3636 0.4891 

José Pedro IBIRD026 0.8567 0.0657 38.5227 1.3636 0.5855 

 

The level of trophic overlap between the native and non-native fish species is not affected by 

the environmental degradation (IDI) or other local environmental variables (Figure 5). The 

correlation between trophic niche overlap and the level of degradation may have been 

influenced by environmental variables not analyzed in this study. 
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Figure 5. Relationship between Trophic niche overlap between the native fish species Deuterodon cf. 

taeniatus and non-native Knodus moenkhausii and Integrated Disturbance Index (IDI), and other local 

environmental variables (XCMG - mean total riparian cover; XDEPTH_S – mean depth in transect; 

XFC_NAT – mean natural fish cover) for all sampling sites, Rio Doce Basin, Brazil.  

4.  Discussion 

Here we describe the diet and quantify the trophic niche overlap between a native 

(Deuterodon cf. taeniatus) and a non-native (Knodus moenkhausii) fish species in the Rio Doce 

basin. We confirm that both species have omnivorous diets, utilizing various resources available 

in the environment, and seem opportunistic due to the high variation in the predominant items 

between the sample sites. We verified a high dietary overlap between the two species in 70% 

of the sites. However, the hypothesis of a higher trophic niche overlap with increased 

degradation was not corroborated. 

The species' diet includes plant materials, seeds, algae, and terrestrial insects such as 

Hymenoptera, Diptera, Coleoptera, and also some agricultural pests like those of the order 

Thysanoptera. Aquatic insects are also present, such as Chironomidae larvae, one of the items 

with the highest food importance index (IAi). They also consume other dipteran larvae and 

pupae, as well as some trichopterans. It is worth noting that, although they do not represent a 
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food resource, the species have ingested nylon threads, minerals and sediments (sand and small 

gravel). We believe these items were accidentally ingested by the fish, considering that they 

have a highly exploratory behavior, looking for drifting food items (Fogaça et al., 2003; Manna 

et al 2014; Ceneviva-Bastos & Casatti, 2007; Teresa & Casatti, 2013).  

We observed a preference for plant material in Deuterodon cf. taeniatus, but it consumes 

all kinds of resources available in the environment, confirming that it´s an opportunistic species 

with great trophic plasticity (Manna et al. 2012; Alonso et al., 2019). Adult individuals of 

Deuterodon cf. taeniatus consume more plant material than juveniles (Manna et al., 2012), so 

larger specimens may have preferred vegetal items. Knodus moenkhausii consumed mainly 

fragments of aquatic insects and filamentous algae, and exploited a variety of other items, 

including a large amount of inorganic detritus. The high variety of items consumed by this non-

native species demonstrates opportunistic feeding in different environmental conditions 

(Ceneviva-Bastos & Casatti, 2007; Carvalho et al., 2019). In addition, we observed a larger 

gastrointestinal tract in native species, indicating that the relative increase in the intestine of 

larger specimens is associated with higher dietary plasticity and the use of items that are more 

difficult to digest, such as vegetables with rigid cell walls (Sabino & Castro 1990; Mazzoni et 

al., 2010). 

The trophic niche overlap between the pair of species was high in most of the sites analyzed, 

sharing the resources available in these habitats. High values of trophic niche overlap can 

indicate competition for resources between species, which can lead to a change or decrease in 

the width of the trophic niche and affect the development and survival of native species (Britton 

et al., 2019). The feeding opportunism of K. moenkhausii is one of the reasons for its 

establishment and dispersal in new environments, and it is considered an introduced species in 

the Rio Doce, Jequitinhonha, Mucuri, Paraíba do Sul, and São Francisco basins (Bueno et al., 

2021). It was first described based on specimens collected in the drainage of the Rio Paraguay 

basin with a presence in the Upper Paraná (Langeani et al., 2007; Carvalho et al., 2019). The 

dietary plasticity of Deuterodon cf. taeniatus seems to allow the species to maintain high 

abundance even with the presence of the non-native Knodus moenkhausii since generalist 

species have a wide trophic range and can restructure food chains in response to different 

impacts (Bartley et al., 2019; Costa and Angelini, 2020).  On the other hand, native species that 

are more specialist may be more affected by the presence of the non-native species since 

competition can affect the local persistence of the natives, as they are less flexible in their use 

of resources, with less ability to exploit the environment (Clavel et al., 2011). 
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Our hypothesis about trophic niche overlap increasing with the level of environmental 

degradation was not corroborated. The trophic niche overlap was not affected by the Integrated 

Disturbance Index (IDI) or the set of environmental variables assessed here (i.e., mean depth, 

natural shelter, and vegetation cover). Regardless of the level of disturbance and habitat 

structure, the species show intermediate and high levels of trophic niche overlap among the 

sites studied. It is worth mentioning that the Rio Doce basin has suffered from human activities, 

land use and landscape changes over the centuries, which makes it challenging to define levels 

of degradation between sites. In parallel, environmental degradation does not seem to influence 

the increase in resource competition due to the plasticity and feeding opportunism of the two 

species, which can respond more quickly to habitat changes and reorganize their diet in a wide-

ranging manner (Bartley et al., 2019), since they feed on a variety of items, both autochthonous 

and allochthonous. However, we observed that the trophic niche overlap value was intermediate 

at the site with the higher mean depth and the highest mean total cover. Here, we observed that 

the native species consumed a large fragment of terrestrial insects, and the non-native species 

prioritized autochthonous items. In river ecosystems, dense canopy cover generally induces a 

stronger linkage to terrestrial subsidies (Hill et al. 1995; Doi, 2009), leading to a more diverse 

and quality supply of resources for the aquatic system. Geomorphological and hydraulic 

processes, vegetation cover and aquatic biota are closely linked to the process of sediment 

retention (Gregory et al., 1991; Wang et al., 2006), functioning as a barrier in an area that is 

largely degraded due to human activities associated with changes in the landscape and land use. 

In our studied region, the site with the highest level of disturbance (IDI) has the high value of 

trophic overlap. It is located in the Rio Piranga hydrographic region and faces a number of 

human-induce pressures, such as disorderly urban expansion, deforestation, removal of riparian 

forest, domestic sewage disposal, pollution from agricultural activities and sand extraction 

(Gregório & Lima, 2007; PIRH, 2010). In this site, the species consumed microplastic (nylon 

thread) and a large amount of inorganic detritus. 

Microplastics were frequently ingested by both species, most of which were nylon threads. 

Microplastics are plastic particles measuring between one and five millimeters (Oliveira et al., 

2020). Plastics have been ingested by many river fish species around the world (Andrade et al., 

2019; Urbanski et al., 2020; Azevedo-Santos et al., 2021), the ichthyofauna is the group that is 

most subject to accumulating microplastics for long periods, causing many physiological 

problems (blockage of the digestive tract, malnutrition, possibility of reaching the yolk sac and 

affecting the development of alevins) and even leading to the animals' death (Wright et al., 
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2013; Atugoda et al., 2022; Smith et al., 2022). In addition, the chemical components in plastic 

particles can be transferred through the trophic chain and bioaccumulate (Farrel & Nelson, 

2013; Smith et al., 2022). The study by Coelho et al. (2023) reported ingesting anthropogenic 

substances (microplastics, hooks) by fish in the Rio Doce basin. Most items were pieces of net 

and other fishing articles. The ingestion of microplastics by fish is more common than is 

currently reported, reinforcing the need for more research in freshwater environments and for 

more species (Azevedo-Santos et al., 2021). 

It is also important to mention that most studies of the diet of the species K. moenkhausii 

and D. cf. taeniatus have been carried out in stream ecosystems, and our study brings the 

perspective of the consumption of food resources in river ecosystems. Rivers are more complex 

systems containing several interacting subsystems (Woodward & Hildrew, 2002; Doi, 2009). 

In addition, they are characterized by different degrees of erosion, transfer, and deposition of 

sediments along the longitudinal profile (Vannote et al., 1980; Allan & Castillo, 2007). The 

availability of autochthonous and allochthonous resources in river food webs is influenced by 

different light conditions, nutrient levels, and contributions from terrestrial sources, which can 

cause variation in the trophic base depending on the size of the river (Doi, 2009). Investigating 

and describing the diet of these species in rivers is an important step towards understanding the 

dynamics of food resources throughout the basin. Among the items ingested by the species, 

there is a large number of filamentous algae, and in larger rivers phytoplankton and algae are 

one of the main food sources for food webs (Delong & Thorp, 2006). The principal food source 

of Deuterodon cf. taeniatus in coastal streams of the Atlantic Forest is allochthonous plant 

material (Manna et al. 2019). Deuterodon sp. from the Rio Ubatiba, a coastal stream, ingests a 

wide variety of items, from organic matter, sediment (sand), algae, and seeds to crustaceans, 

oligochaetes, and terrestrial and aquatic insects (Mazzoni and Rezende, 2003). In the Rio das 

Velhas, they consume plants, algae, and insect remains (Alonso et al. 2019). According to our 

study, in the rivers of the Doce basin, the species preferentially ingests plant material, fragments 

of aquatic insects (Diptera larvae), terrestrial insects (Hymenoptera), and filamentous algae. In 

streams of the Upper Paraná River, Knodus moenkhausii frequently consumes autochthonous 

items such as algae, Ephemeroptera nymphs and Diptera larvae, and fragments of terrestrial 

insects (Hymenoptera and Araneae) are among the most dominant allochthonous items 

(Ceneviva-Bastos & Casatti, 2007). In other streams in the Rio Paranaíba sub-basin, they ingest 

aquatic insects (Diptera, Trichoptera, Ephemeroptera) and terrestrial insects (Coleoptera, 

Hymenoptera) and also consume detritus in streams influenced by pasture (Carvalho et al. 
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2019). In the Rio Doce basin, they prefer fragments of aquatic insects (Chironomidae, 

Ephemeroptera), filamentous algae, plant material, and a high frequency of inorganic detritus 

(sediment, sand). 

We believe that our study is a good model for investigating the mechanisms underlying the 

process of species invasion through trophic niche overlap. It can be applied to other pairs of 

species and systems, making it possible to investigate other intra- and interspecific ecological 

interactions. Additionally, it allows for the exploration of diverse environmental effects, using 

other metrics and even different indices of degradation. We believe it is important to conduct 

more observational and experimental studies on species' behavior to understand their life habits 

and how they segregate in the environment. Through the analysis of stomach contents, we 

verified some of the processes underlying the use of resources by the species, both in the context 

of invasion and anthropogenic actions, because it is a tool that allows a more refined analysis 

of the items consumed by the species. We were also able to verify the variation in predominant 

items between the sites for both species, so it would be interesting to obtain data on the 

availability of resources to complement the study. 

While this study only looked at one pair of species, it is a starting point in exploring the 

trophic dynamics of native and non-native species that share similar ecological requirements in 

the Rio Doce basin. The analysis of stomach contents represents the resources consumed by the 

fish minutes or hours before collection. For this reason, it would be interesting to incorporate 

stable isotope analysis into studies on diet and trophic niche overlap, as it makes it possible to 

verify the assimilation of material consumed over weeks or months (Andrade et al.; 2019) the 

availability of resources, and provides an overview of the species' dietary biology and energy 

flux in river systems.  

5. Conclusion 

We could describe and quantify the diet of the pair of native and non-native species in the 

Rio Doce basin, uncovering some mechanisms of the invasion process by analyzing stomach 

contents. We confirmed that both species have omnivorous feeding habits, with high trophic 

plasticity and food opportunism. K. moenkhausii and D. cf. taeniatus have high trophic niche 

overlap in most of the sites analyzed, indicating that the non-native species may compete for 

resources with the native species. However, the high trophic plasticity of D. cf. taeniatus may 

be helping to maintain this native species in the system even in the presence of a potential strong 
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invasive competitor. According to our study, trophic niche overlap is not affected by the level 

of degradation or by local environmental variables. 
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SUPPLEMENTARY MATERIAL 

 

Figure A1. Demonstration of the 11 marginal plots where information on environmental variables and 

fish collection was obtained in river sites if the Rio Doce basin. 

 

 

Figure A2. Standard length (cm) of the native fish Deuterodon cf. taeniatus and the non-native fish 

Knodus moenkhausii from the Rio Doce Basin, Brazil. There was no difference in size between the 

specimens analyzed (F (1,323) =3.389, p=0.06). 
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Figure A3. Gastrointestinal tract (cm) of the native fish Deuterodon cf. taeniatus and the non-native fish 

Knodus moenkhausii from the Rio Doce Basin, Brazil.  There was a difference in the size of the tract 

between the specimens analyzed (F (1.323) =10.935, p=0.001*). 

 

 

Figure A4. The ratio between gastrointestinal tract size and standard length (cm) of the native fish 

Deuterodon cf. taeniatus and the non-native fish Knodus moenkhausii from the Rio Doce Basin, Brazil. 

There was a difference in the size of the tract in relation to the size of the body between the specimens 

analyzed (F (1.323) = 15.992, p<0.001*). 
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Figure A5. Accumulation curves of food items consumed in each studied site in the Rio Doce basin, by 

the two characid fish species: (1) Deuterodon cf. taeniatus and (2) Knodus moenkhausii. 

 

 

 

 


