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IGARAPE
Valdir Santos

Eu tomei banho no igarapé

Ja fui picado pela tucandeira
Andei de canoa no rio madeira
Se eu pudesse, eu morava na
Floresta a vida inteira

A vida inteira, a vida inteira
Se eu pudesse, eu morava na
Floresta a vida inteira

Canta bonito o uirapuru

E diferente esse seu cantar

Tanta riqueza tem na regido do norte

Eu sinto muita saudade, por isso quero voltar



RESUMO

A rede de riachos amaz6nicos é impressionante ndo apenas por sua vastidao, mas também por
abrigar uma grande diversidade de espécies de peixes. Apesar da grande diversidade, pouco se
sabe sobre aspectos ecoldgicos fundamentais dos riachos amazénicos, como o fluxo de
energia e as fontes de carbono que sustentam sua rica ictiofauna. Neste estudo, usamos
isotopos estaveis de carbono (6'°C) e nitrogénio (0'°N) para avaliar a estrutura trofica e
identificar os principais recursos alimentares que sustentam a ictiofauna de riachos
amazonicos. Coletamos assembleias de peixes e uma ampla gama de recursos disponiveis nos
riachos, incluindo macroéfitas, vegetacdo riparia, algas filamentosas, matéria organica,
gramineas, invertebrados bentbnicos e terrestres, perifiton e material em suspensdo. Em
seguida, estimamos a estrutura tréfica das assembléias, incluindo métricas de diversidade,
nichos troficos, posicdes troficas, proporgdes de recursos assimilados e biomassa. A biomassa
de peixes foi sustentada principalmente por invertebrados terrestres (31%-55%) e
invertebrados bentdnicos (22%-40%). Camarbes representaram o terceiro recurso mais
importante para a biomassa de peixes (9%-22%). Juntos, esses trés recursos responderam por
79%-90% da biomassa total de peixes nos riachos estudados. A estrutura tréfica e as métricas
de diversidade tréfica foram semelhantes em todos os pontos amostrais, como evidenciado
pela sobreposicdo substancial nos nichos isotopicos das assembléias de peixes avaliadas.
Embora as posicdes troficas variassem em certa medida entre os locais, a maioria das espécies
apresentaram niveis troficos intermediarios. Nossos resultados destacam a importancia tanto
dos invertebrados aquaticos quanto dos terrestres no suporte a dindmica trofica dos peixes em
riachos amazonicos, reforcando as interconexdes entre 0s pequenos riachos e as paisagens que
os circundam. Também evidenciam o papel desempenhado pelas florestas na manutencédo da
integridade dos ambientes aquaticos amazo6nicos, ao fornecerem recursos alimentares que
sustentam as assembléias de peixes. Portanto, nosso estudo fornece informacdes essenciais
sobre o fluxo de carbono e a ecologia isotopica em pequenos riachos amazénicos, 0s quais sdo
vitais para compreender seu funcionamento, orientar esforcos de conservacdo e assegurar 0
manejo sustentavel dos recursos naturais.

Palavras-chave: Isotopos estaveis; Fluxo de energia; Estrutura trofica; vegetacao riparia;
biomassa.



ABSTRACT

The Amazonian stream network is impressive not only for its vastness but also for harboring a
great diversity of fish species. Despite their high diversity, little is known about key
ecological aspects of Amazonian streams such as energy flow and the carbon sources that
sustain their species-rich fish assemblages. In this study we use carbon (6'3C) and nitrogen
(6'°N) stable isotopes to evaluate the trophic structure and to identify the key food resources
sustaining the ichthyofauna of Amazonian streams. We collected fish assemblages and a wide
range of resources available in streams, including macrophytes, riparian vegetation,
filamentous algae, organic matter, grasses, benthic and terrestrial invertebrates, periphyton,
and suspended matter. We then estimated the trophic structure of the assemblages, including
diversity metrics, trophic niches, positions, assimilated resource proportions, and biomass.
Fish biomass was primarily supported by terrestrial invertebrates (31%-55%) and benthic
invertebrates (22%-40%). Shrimps represented the third most important resource for fish
biomass (9%—-22%). Together, these three resources accounted for 79%—-90% of the total fish
biomass in the studied streams. The trophic structure and trophic diversity metrics were
similar across all sampling sites, as evidenced by the substantial overlap in the isotopic niche
of the assessed fish assemblages. Although trophic positions varied to some extent among
sites, most species fed at intermediate trophic levels. Our results highlight the importance of
both aquatic and terrestrial invertebrates in supporting fish trophic dynamics in Amazonian
streams, reinforcing the interconnections between small streams and their surrounding
landscapes. It also underscores the role played by forests in maintaining the integrity of
Amazonian aquatic environments by providing food resources that sustain fish assemblages.
Therefore, our study provides essential insights into the carbon flow and isotopic ecology in
small Amazonian streams, which are vital for understanding their functioning, guiding
conservation efforts, and ensuring the sustainable management of natural resources.

Keywords: Stable isotopes; Energy flow; Trophic structure; Riparian vegetation; Biomass.



Impactos sociais, tecnologicos, econémicos e culturais

A Bacia Amazonica € o maior e mais diverso sistema fluvial do mundo e abriga uma rede
complexa e extensa de canais fluviais. Além do canal principal do rio Amazonas, o sistema
inclui inmeros pequenos riachos (localmente conhecidos como "igarapés"), que, sozinhos,
abrigam aproximadamente 50% da ictiofauna amazonica. Apesar da grande biodiversidade,
muitos aspectos ecoldgicos, como o fluxo de energia e a ecologia trofica dos riachos
amazonicos, ainda permanecem pouco explorados. Considerando que a degradacdo dos
habitats naturais € crescente na regido, estudos voltados a compreensdo do funcionamento
desses ecossistemas sdo essenciais para orientar e fortalecer os esforcos de preservacdo e
conservacdo do bioma. Nosso trabalho teve como objetivo principal a caracterizacdo da dieta
das assembleias de peixes em cinco riachos amaz6nicos com baixos impactos antropogénicos.
Tradicionalmente, a dieta de peixes é determinada por meio da andlise de conteudo estomacal,
na qual o estbmago do peixe é removido e seu conteldo avaliado por medidas qualitativas e
guantitativas. No entanto, esse método revela apenas os itens alimentares consumidos pouco
antes da captura, ndo refletindo com precisdo a composicao real da dieta desses animais.
Neste estudo, adotamos a analise de is6topos estaveis, uma técnica que, por meio de uma
analise quimica do tecido muscular dos peixes, permite inferir os recursos alimentares
assimilados ao longo de semanas ou até meses. Para isso, coletamos 0s peixes e todos 0s
possiveis recursos alimentares disponiveis (vegetacdo riparia, gramineas, folhico no leito do
riacho, sedimento, invertebrados aquéticos e terrestres, perifiton, macrdfitas etc.), que foram
analisados isotopicamente em laboratorio. Os resultados revelaram que a biomassa das
assembleias de peixes € sustentada principalmente por invertebrados terrestres (31% a 55%),
invertebrados aquaticos (22% a 40%) e camardes (9% a 22%). Do ponto de vista tecnoldgico
e cientifico, a aplicacdo de is6topos estaveis em estudos ecoldgicos permite uma compreensao
mais robusta da ecologia trofica. Essa abordagem pode incentivar outras pesquisas
desenvolvidas no bioma a também adotarem essa técnica, fortalecendo o conhecimento sobre
a ecologia tréfica dos riachos amazénicos. Além disso, do ponto de vista ambiental, os dados
deste trabalho reforcam a importancia da protecdo da vegetacdo marginal e do entorno dos
riachos, considerando a dependéncia de recursos aldctones para o sustento das assembleias de
peixes. Este estudo e seus resultados estdo alinhados ao Objetivo de Desenvolvimento
Sustentavel 14 — Vida na Agua (ODS/ONU)



Social, technological, economic and cultural impacts

The Amazon Basin is the largest and most diverse river system in the world and hosts a
complex and extensive network of river channels. Beyond the main stem of the Amazon
River, the system includes countless small streams (locally known as igarapés), which alone
harbour approximately 50% of the Amazonian fish fauna. Despite its remarkable biodiversity,
many ecological aspects, such as energy flow and the trophic ecology of Amazonian streams,
remain poorly understood. Considering the increasing degradation of natural habitats in the
region, studies aimed at understanding the functioning of these ecosystems are essential to
guide and strengthen conservation efforts in the biome. Our main objective was to
characterise the diet of fish assemblages in five Amazonian streams with low anthropogenic
impact. Traditionally, fish diets are assessed through stomach content analysis, in which the
fish’s stomach is removed and its contents evaluated using qualitative and quantitative
measures. However, this method reveals only the items consumed shortly before capture and
does not accurately reflect the long-term composition of the diet. In this study, we adopted
stable isotope analysis, a technique that uses chemical analysis of muscle tissue to infer
assimilated food resources over weeks or even months. For this, we collected fish and all
potential food resources available (riparian vegetation, grasses, leaf litter, streambed
sediment, aquatic and terrestrial invertebrates, periphyton, macrophytes, etc.), which were
then isotopically analysed in the laboratory. The results revealed that fish biomass is primarily
supported by terrestrial invertebrates (31% to 55%), aquatic invertebrates (22% to 40%), and
shrimps (9% to 22%). From a technological and scientific perspective, the use of stable
isotopes in ecological studies allows for a more robust understanding of trophic dynamics.
This approach may encourage other studies in the biome to adopt the technique, strengthening
our knowledge of Amazonian stream ecology. Additionally, from an environmental
perspective, our findings highlight the importance of protecting riparian vegetation and stream
surroundings, given the reliance of fish assemblages on allochthonous resources. This study
and its results are aligned with Sustainable Development Goal 14 — Life Below Water
(UN/SDGQG).
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1. INTRODUCAO GERAL

A floresta desempenha um papel fundamental na manutencdo das comunidades
aquaticas em riachos amazonicos, uma vez que a vegetacdo do entorno influencia diretamente
0s processos ecossistémicos de fluxo de energia e disponibilidade de nutrientes (Caramaschi
et al., 2021; Esteves et al., 2021). Apesar disso, ainda sdo escassos 0s estudos que buscam
compreender quais sdo as principais fontes energéticas que sustentam essas comunidades.
Compreender as dindmicas ecoldgicas de um ecossistema é um dos principais objetivos de
ecblogos e pesquisadores, que lancam mao de diversas métricas e ferramentas para investigar
interacBes ecoldgicas, fluxos de matéria e energia, transferéncias troficas e impactos

antrépicos (Ballerta et al., 2008).

Entre essas ferramentas, destaca-se a analise de is6topos estaveis, que tem se mostrado
essencial para a compreensao do ciclo dos elementos e das relagfes troficas em comunidades
aquaticas. Essa técnica baseia-se no principio de que a composicao isotopica dos tecidos dos
organismos reflete os processos metabolicos que os originaram, funcionando como
biomarcadores naturais (Fry, 1999; Fry, 2006; Albrecht et al., 2021). A aplicacdo de is6topos
estaveis em estudos ecoldgicos tem contribuido significativamente para o avanco do
conhecimento sobre processos complexos em diferentes ecossistemas (Pereira & Benedito
2007).

O objetivo geral deste trabalho é caracterizar a ecologia trofica de riachos amazonicos
utilizando a técnica de isétopos estaveis. Entre os objetivos especificos, buscamos estabelecer
a estrutura tréfica, estimar a proporcao de recursos assimilados por cada espécie nos riachos
estudados, bem como determinar seus nichos e posi¢es tréficas. O capitulo esta formatado de

acordo com as normas do periodico Freshwater Biology, ao qual sera submetido.

Os dados analisados nessa dissertacdo sao parte do projeto intitulado, “Understanding
and conserving tropical freshwater ecossystems” coordenado por pesquisadores da Lancaster
University, em parceria com a Universidade Federal de Lavras (UFLA). O projeto é
financiado pelo United Kingdon Research and Innovation (UKRI) e o Programa Ecoldgico de
Longa Duracéo (PELD) — RAS.
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2. CONCLUSAO

Nossos resultados indicaram que a dieta das assembléias de peixes € sustentada
predominantemente por recursos aloctones, especialmente invertebrados aquéaticos e
terrestres. A estrutura trofica, os nichos e as posicdes troficas apresentaram padrdes
semelhantes entre os igarapés estudados, sugerindo uma possivel uniformidade no uso de
recursos em ambientes com baixos niveis de impacto antropogénico. Esses achados ressaltam
a importancia da floresta riparia na manutencao da base alimentar das comunidades aquaticas,
destacando seu papel essencial na conservacdo da integridade ecologica dos riachos

amazonicos.
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CAPITULO 01 — Artigo elaborado de acordo com o periodico Freshwater biology

Aquatic and terrestrial invertebrates support fish assemblages of Amazonian streams

Igarapés AmazOnicos na regido de Santarem, Para em agosto de 2023
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ABSTRACT

1) The Amazonian stream network is impressive not only for its vastness but also for
harboring a great diversity of fish species. Despite their high diversity, little is known about
key ecological aspects of Amazonian streams such as energy flow and the carbon sources that

sustain their species-rich fish assemblages.

2) In this study we use carbon (6'3C) and nitrogen (6'°N) stable isotopes to evaluate the
trophic structure and to identify the key food resources sustaining the ichthyofauna of
Amazonian streams. We collected fish assemblages and a wide range of resources available in
streams, including macrophytes, riparian vegetation, filamentous algae, organic matter,
grasses, benthic and terrestrial invertebrates, periphyton, and suspended matter. We then
estimated the trophic structure of the assemblages, including diversity metrics, trophic niches,

positions, assimilated resource proportions, and biomass.

3) Fish biomass was primarily supported by terrestrial invertebrates (31%—-55%) and benthic
invertebrates (22%-40%). Shrimps represented the third most important resource for fish
biomass (9%-22%). Together, these three resources accounted for 79%-90% of the total fish
biomass in the studied streams. The trophic structure and trophic diversity metrics were
similar across all sampling sites, as evidenced by the substantial overlap in the isotopic niche
of the assessed fish assemblages. Although trophic positions varied to some extent among

sites, most species fed at intermediate trophic levels.

4) Our results highlight the importance of both aquatic and terrestrial invertebrates in
supporting fish trophic dynamics in Amazonian streams, reinforcing the interconnections
between small streams and their surrounding landscapes. It also underscores the role played
by forests in maintaining the integrity of Amazonian aquatic environments by providing food

resources that sustain fish assemblages.

5) Therefore, our study provides essential insights into the carbon flow and isotopic ecology
in small Amazonian streams, which are vital for understanding their functioning, guiding

conservation efforts, and ensuring the sustainable management of natural resources.
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1. Introduction

Small Amazonian streams run within the forest making the link between aquatic and
terrestrial environment and draining impressive volumes of water into larger rivers. These
streams and their riparian vegetation are interconnected through the movement of organisms
and the flow of organic and inorganic matter (Baxter et al. 2005; Esteves et al. 2021). As a
consequence of light shading by the riparian vegetation, upland (Terra Firme) Amazonian
streams exhibit low primary production and are strongly dependent on the surrounding forest,
for instance for carbon resources (Lowe-McConnel, 1999; Casatti et al. 2012; Esteves et al.
2021).

These ecosystems present a variety of microhabitats (Junk et al. 1983; Montag et al.
2019) that harbour a diverse fish fauna (Vieira et al. 2018; Casatti et al. 2024), which exhibits
a wide range of ecological roles (Brejdo et al. 2013). In Amazonian streams, fish species
exploit a variety of energy sources, including autochthonous food resources and
allochthonous inputs supplied by the riparian forest (Cardoso & Couceiro, 2017). Seasonal
dynamics also shape trophic interactions, as flood pulses increase the availability of terrestrial
subsidies (Junk et al. 1989; Benone et al. 2020; Esteves et al. 2021). Altogether, this
ecological diversity reflects a wide range of trophic strategies that sustain complex food webs

and energy flows in these systems (Saito et al. 2024).

Stable isotope analysis of Carbon (5™ C) and Nitrogen (5*° N) is a powerful tool for
investigating energy flow and trophic ecology in aquatic ecosystems (Pereira & Benedito,
2007; Albrecht et al. 2021). The isotopic composition of fish tissue mirror the isotopic
composition of the resources assimilated by them, helping to understand the carbon flow
within ecosystems (Fry & Sherr, 1984; Newsome et al. 2007; Albrecht et al. 2021). Carbon
isotopes exhibit minimal enrichment along the food web, with an average increase of
approximately 0.4%o +1.3%0 per trophic level (Post, 2002), enabling the identification of
different basal resources that sustain an ecosystem's food web. In contrast, nitrogen isotopes
are consistently fractionated along the trophic web, with a typical trophic enrichment of about
3.4%o0 +1%o per trophic level (Post, 2002). This makes nitrogen isotopes particularly useful for
estimating the trophic position of consumers within a food web (DeNiro & Epstein, 1981; Fry
et al. 2006; Perkins et al. 2014; Alonso et al. 2020).
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In the Amazon basin, one of the first studies using stable isotopes was conducted in
the mid-1980s, when Aradjo-Lima et al. (1986) analyzed the main carbon sources for
detritivorous fish in the Amazon River. They showed that Characiformes species obtain most
of their carbon through food chains originating from phytoplankton, while Siluriformes get a
significant portion of their energy from other plant sources. Later, other studies applied this
tool to investigate fish trophic ecology, but mainly with a focus on species from large rivers
(e.g., Forsberg et al. 1993; Leite et al. 2002; Silva et al. 2005; Mortillaro et al. 2015; Zuluaga-
Gomez et al. 2016; Seabra et al. 2024). However, the isotopic ecology of Amazonian stream
fish remains poorly understood, despite the expected significant role of primary resources in
sustaining aquatic communities, particularly allochthonous inputs such as terrestrial

invertebrates and leaves (Vannote et al. 1980).

To fill this gap, we conducted the first study using stable isotopes of §*°C and "N to
investigate the trophic structure of Amazonian streams fish assemblages. Specifically, we
seek to: a) Determine the main carbon sources sustaining fish assemblages, estimating the
proportion of resources assimilated by each fish species and the biomass supported by these
resources; b) Evaluate the trophic structure of fish assemblages by estimating trophic niches
(isotopic niches), trophic positions, and trophic diversity metrics. We tested the following
hypotheses:1) Due to forest shading, allochthonous sources are the primary contributors to
fish biomass, and invertivorous species will be the most abundant; and 2) Due to the
similarities in environmental conditions across the studied streams, no variation is expected in
the trophic positions, trophic diversity, or trophic niches of fish assemblages. Understanding
fish diets and nutrient flow is essential for uncovering interactions between fish species and
their terrestrial surroundings. These dynamics reflect the complexity of ecological processes
that sustain the biodiversity and functionality of streams, highlighting the importance of
understanding the interdependencies between terrestrial and aquatic compartments in these

tropical ecosystems.

2. Materials and methods
2.1 Study area

The study was conducted in five 150 m stream sites (2nd and 3rd Strahler order)

within the Curua-Una River basin, a tributary of the Amazon River, in the state of Para, Brazil
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(Fig 1). The region is located near the confluence of the Tapajos and Amazon Rivers. The
landscape is characterized by a mosaic of land uses, reflecting a history of loss of primary
forest. It currently comprises mechanized agriculture, cattle ranching, silviculture, smallholder
agricultural settlements, regenerating secondary forests, and undisturbed primary forests
mostly located in the Tapajds National Forest protected area (Gardner et al. 2013; Leitdo et al.
2018).

The five stream sites are located outside protected areas but within landscapes
characterized by low anthropogenic disturbance and similar land-use cover (Table 1). Land-
use cover was estimated using MapBiomas (Collection 9, 2024). We calculated the
percentage of mature forest (Primary Forest + Degraded Forest + Old Secondary Forest, with
Old Secondary Forest defined as secondary forest equal to or older than 10 years) for the
catchment upstream of each stream site and within a 100 m buffer (riparian zone of the entire
microbasin). Non-forest areas consisted of pasture, wetlands, grassland, soybean and other
temporary crops. To characterize the physical habitat of streams we measured depth, width,
substrate type and stream shadow, following the field protocol proposed by Kaufmann et al.
(1999) and Peck et al. (2006). The samplings were conducted once during the dry season in
July and August 2023.
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Fig. 1 Stream sites in the Curud-Una River basin, Pard, Brazil
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Table 1 - Land use cover and physical habitat characteristics of the stream sites in the Curua-Una
River basin sampled in July/August 2023.

Environmental variables

Mean Mean Fine Stream

Sweam  Geogmphic Order depth  width subst. shadow % Others fand
(m) (m) (%) (%)
S1 '?3‘52459' 43: 5482.." 3 055 271 4380 9291 8283 17,17
S2 :gf}gfgg:g; 28 039 268 2631 8850 62,59 37,41
S3 341595% 3 0.76 1294 1619  87.96 78,51 21,49
sa A 3 083 392 3904 8689 5647 43,53
S5 '5_4;04955'15_2'39.4" 3 102 596 7047 9425 80,89 19,11

2.2 Fish sampling

Fish were collected using semicircular sieve (80 cm in diameter, 1-mm mesh) and
seine nets (3 m long, 5--mm mesh). Each stream site was sampled by two people for 2 h and
the procedures for capture, collection and transportation of biological material were
authorized by ICMBIo (SISBIO 87389-1) and the Ethics Committee of Federal University of
Para (UFPA) (8293020418).

For stable isotope analysis, we selected up to 5 individuals per species, whenever
possible, and stored them immediately on ice for later processing. We weighed, measured and
collected muscle samples from each large individual, while the small individuals (< 2 cm)
were analyzed whole, after removal of the digestive tract. Voucher specimens were fixed in
10% formalin solution and then transferred to a 70% ethanol solution and deposited in the
Fish Ecology Laboratory of Federal University of Minas Gerais (UFMG), where the species
identifications were confirmed using identification keys and by consulting specialists. In the
laboratory, fish samples were lyophilized for 48 hours and ground into a fine homogeneous

powder using a mortar and pestle.

2.3 Basal resources sampling

In each stream site, we collected up to 5 samples of each of the following basal

resources, whenever possible: periphyton (PE), filamentous algae (AL), macrophytes (MA),
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fine particulate organic matter (FPOM), coarse particulate organic matter (CPOM), riparian
vegetation (RV), grass (GR), benthic invertebrates (BI), shrimps (SH) and terrestrial
invertebrates (TI). Periphyton was sampled by scraping and washing wood or rocks with a
small brush and stored in distilled water. FPOM samples were collected by resuspending
sediment. Grass, riparian vegetation, coarse particulate organic matter, and macrophytes were
manually and randomly collected. Benthic invertebrates were sampled using a D-frame
kicking net (30 cm aperture, 500 pm mesh) along the stream site, while terrestrial
invertebrates were manually and randomly collected in in the riparian zone. All samples were

stored on ice until transferring to freezers.

In the laboratory, periphyton and FPOM samples were filtered through quartz fiber
filters (Whatman® QMA quartz filters) using a filtration apparatus connected to a vacuum
pump. The samples were then oven-dried at 40 °C for 48 hours and ground into a fine,
homogeneous powder using a mortar and pestle. Grass, riparian vegetation, CPOM,
filamentous algae, benthic and terrestrial invertebrates were lyophilized for 48 hours and
subsequently ground into a fine, homogeneous powder using a ball mill (Retsch MM 400) or
a mortar and pestle.

2.4 Isotopic analyses

We analyzed a total of 553 samples for carbon and nitrogen stable isotopes, including
285 individuals from 39 fish species (Table 2), and 268 samples of food resources. We
collected 30 samples for each resource type (benthic invertebrates, terrestrial invertebrates,
CPOM, FPOM, riparian vegetation, grass, and periphyton), except for macrophytes (20
samples), filamentous algae (14 samples), and shrimps (24 samples). Isotopic analyses were
performed at the Stable Isotope Center “Prof. Dr. Carlos Ducatti” at Sdo Paulo State
University (Unesp) in Botucatu, Brazil. We used an isotope ratio mass spectrometry system
with elemental analyzer EA-IRMS (Flash 2000 - Delta V Advantage, Thermo Scientific,
Germany). For each analysis, 3.0-0.5 mg of dry and homogenized samples were weighed in a
silver capsule. The system simultaneously determined the isotopic ratios R(iE/jE)samme, which
were expressed as a relative difference from the isotopic ratio J'E, in % according to
equations (Coplen, 2011):
r( e/ ’E)

r( £/ 'E)

sample 1

SiE(%O) =

standard
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where 'E is the rare isotope, 'E is the abundant isotope, and R(‘E/E)standarg are the international
standard ratios VPDB (PeeDeeBelemnite) for R(**C/*“C)yppg and Air (atmospheric Nitrogen)
for R(°N/*N)air. The results were normalized from certified reference standards USGS61,
USGS62, USGS63, USGS90 (Paul et al. 2007; Schimmelmann et al. 2016, 2020). The
standard uncertainty of the analysis was estimated to be + 0.10%o and + 0.15%o for 8*3C and
8"N respectively.

Table 2 - Number of samples collected for stable isotope analysis from fish species at each site.
Species were classified into trophic guilds following Leal et al. (2017)

Species Sitel Site2 Site3 Site4 Site5 Total

Algivores / Periphytivores 2 1 5 8
Farlowella smithi 5 5
Rhinotocinclus sp. 1 1 1
Rhinotocinclus sp. 2 2 2
Detritivores 5 5 10
Apistogramma taeniata 5 5 10
Invertivores 56 46 28 36 40 203
Anablepsoides cf. urophthalmus 4 4
Apteronotus albifrons 4 4
Brachyglanis microphthalmus 1 5 1 7
Brachyhypopomus cf. brevirostris 2 1 3
Bryconops caudomaculatus 5 3 4 3 15
Bryconops melanurus 2 1 2 )
Characidium pteroides 5 4 1 2 12
Copella nigrofasciata 5 5
Gymnorhamphichthys rondoni 5 5 1 1 3 15
Gymnotus aff. coatesi 1 1
Gymnotus coropinae 3 3 1 7
Helogenes marmoratus 2 2 1 5
Hemigrammus ocellifer 5 2 5 5 17
Hyphessobrycon ericae 5 1 5 5 5 21
Hypopygus lepturus 6 2 8
Ituglanis amazonicus 1 1
Knodus savannensis 5 5 4 17
Melanocharacidium dispilomma 5 5
Moenkhausia comma 3 1 2 6
Moenkhausia conspicua 5 5 5 2 5 22
Nannostomus marginatus 5 5 5 5 20
Synbranchus madeirae 1 2 3
Synbranchus sp. 1 2 1 3
Omnivores 4 6 6 4 5 25
Aequidens epae 2 5 4 11
Aequidens tetramerus 1 5 4 1 11
Rhamdia muelleri 1 1
Rhamdia quelen 1 1 2
Piscivores 4 5 1 3 10
Hoplias curupira 1 2 1 3 7
Hoplias malabaricus 3 3
Carnivores 5 2 10 9 3 29
Acanthodoras cataphractus 1 1
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Bratochoglanis raninus 1 1
Erythrinus erythrinus 3 2 2 7
Hypselecara temporalis 4 4
Lugubria strigata 1 1
Saxatilia brasiliensis 2 2 5 5 1 15
Total 63 56 54 56 56 285

2.5 Trophic structure and carbon sources

Fish were classified into trophic guilds according to Leal et al. (2017), who previously
sampled the same streams and evaluated fish diets based on stomach content analysis. To
assess the food web structure of the fish assemblages, individuals of all fish species were
plotted in a bi-plot space using isotopic values of carbon (x-axis) and nitrogen (y-axis),
providing a visual representation of the food web structure at each stream site. Mean §*3C and
8N values were plotted for each fish species, while the food resources were represented by

their mean and + standard deviation values.

2.6 Proportion of food resources assimilated and biomass

To evaluate the trophic partitioning of food resources, we applied a stable isotope
mixing model using the SIMMr package in R (Parnell et al. 2013; R Core Team, 2024). A
Markov Chain Monte Carlo (MCMC) analysis was conducted with the following parameters:
number of chains = 4; number of iterations = 50,000; burn-in = 10,000; thin = 10. For this
analysis, we used data on the main food items identified in the stomach content analysis based
on Leal et al. (2017) for each gquild: Piscivorous/Carnivorous (TI, Bl, SH, and fish),
Omnivorous (TI, BI, SH, CPOM, and AL), Invertivorous (TI and BI), Periphytivorous (PE,
FPOM, and AL), and Detritivorous (CPOM, FPOM, and PE). Given that carbon signature of
leaves can vary vertically along tree height (Domingues et al. 2005, Martinelli et al. 2009) and
we only sampled leaves at head height, we decided to use CPOM as a proxy for the riparian
vegetation. This is because CPOM should reflect the average carbon isotope composition of
all the leaves that fall into the stream. The fractionation values (mean + standard deviation)
considered for this analysis were 0.4 + 1.3%o for *3C and 3.4 + 0.98%o for 8"°N (Post, 2002).
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To calculate the local fish biomass supported by food resources in each stream site, we
used the percentage contribution of each food resource consumed by each species, applying

the following formula:
Biomass (%) = (C/S) x F
Where:
C is the fish assemblage biomass (g),
S is the species biomass (g), and
F is the percentage contribution of each food source to a species diet.

The total percentage contribution of a given food resource to the local assemblage
biomass was determined by summing the contribution values of all species that utilized that

resource.

2.7 Trophic niches and trophic diversity

We calculated the standard ellipse area (SEA) to quantify the trophic niche (isotopic
niche) of each fish assemblage using the SIBER package in R (Jackson et al. 2011). A small
sample size correction (referred as SEAc) was applied to SEA to enhance the accuracy of
comparisons, facilitating the evaluation of niches across assemblages with varying sample
sizes (Jackson et al. 2011; de Carvalho et al. 2024). Bayesian estimates of SEA (referred as
SEADb) were computed to assess significant differences in the isotopic niche widths of fish
assemblages by comparing their confidence intervals (Jackson et al. 2011).

To compare the trophic structure across stream sites, we used the SIBER package to
calculate six metrics originally proposed by Layman et al. (2007) and reformulated within a
Bayesian framework by Jackson et al. (2011). The 6N range (NR) offers a vertical
perspective of the food web structure, reflecting the distance between the most and least
enriched 8'°N values across both resources and consumers. A broader 3'*N range typically
indicates the presence of multiple trophic levels within a community. The 6'*C range (CR)
represents the horizontal variation, indicating the diversity of resources used by the
community. In contrast, the 8'3C captures horizontal variation, which highlights the variety of
resources used by the community. A wider 6*3C range is generally linked to food webs that

utilize a diverse set of resources with distinct 613C signatures and/or exhibit greater variability
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in the 613C values of available resources. The mean distance to the centroid (CD) measures the
average trophic diversity within the food web, calculated as the mean Euclidean distance of
each species from the centroid in a bi-plot. The mean nearest neighbor distance (MNND)
reflects the average Euclidean distance to the closest neighbor for each species, providing an
estimate of the community's overall trophic density. Smaller MNND suggests a high degree of
trophic redundancy, where many species share similar trophic niches. The standard deviation
of the nearest neighbor distance (SDNND) gauges the evenness of spatial density and the
packing of species within bi-plot space. Unlike MNND, SDNND is less affected by sample
size. Lower SDNND values indicate a more uniform distribution of trophic niches across the

community (Layman, 2007).

2.8 Trophic position

We estimated the trophic position (TP) of fish species through the Bayesian package
tRophicPosition in R (Quezada-Romegialli et al. 2018), using the "two baselines full model”,
where a mixing model incorporates &C to differentiate between two distinct nitrogen
sources. Autotrophic and particulate resources were used as baselines (baseline 1 = CPOM
and baseline 2 = FPOM). For this analysis, we applied trophic discrimination factors of 0.4 +
1.3%o for 6'*C and 3.4 + 0.98%o for 6'°N (Post, 2002).

3. Results
3.1 Trophic structure and carbon sources

Among the collected fish species, only Gymnorhamphichthys rondoni,
Hyphessobrycon ericae, Moenkhausia conspicua and Saxatilia brasiliensis were sampled in
all stream sites (Fig 2). The 5"°C and 8N range values for the assemblages were similar
across all sites. However, some resources, as macrophytes in S1 and S5, displayed distinct
o1C values from those of the fish assemblage and other resources at some stream sites. All
assemblages were dominated by invertivorous species, followed by carnivorous, omnivorous,
and piscivorous species. Periphytivorous species were present at only three stream sites, while

detritivorous species were registered in two (Fig. 3).
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Fig. 2 Trophic structure of the five stream sites sampled in the Curud-Una river basin considering the
isotopic composition of fish (mean) and food resources (mean and standard deviation). Fish species: 1
(Acanthodoras cataphractus), 2 (Aequidens epae), 3 (Aequidens tetramerus), 4 (Anablepsoides cf.
urophthalmus), 5 (Apistogramma taeniata), 6 (Apteronotus albifrons), 7 (Batrochoglanis raninus), 8
(Brachyglanis  microphthalmus), 9 (Brachyhypopomus cf. Dbrevirostris), 10 (Bryconops
caudomaculatus), 11 (Bryconops melanurus), 12 (Characidium aff. pteroides), 13 (Copella
nigrofasciata), 14 (Erythrinus erythrinus), 15 (Farlowella smith), 16 (Gymnorhamphichthys rondoni),
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17 (Gymnotus aff. coatesi), 18 (Gymnotus coropinae), 19 (Helogenes marmoratus), 20 (Hemigrammus
ocellifer), 21 (Hoplias curupira) 22 (Hoplias malabaricus), 23 (Hyphessobrycon ericae), 24
(Hypopygus lepturus), 25 (Hypselecara temporalis), 26 (ltuglanis amazonicus), 27 (Knodus
savannensis), 28 (Lugubria strigata), 29 (Melanocharacidium dispilomma), 30 (Moenkhausia
comma), 31 (Moenkhausia conspicua), 32 (Nannostomus marginatus), 33 (Rhamdia muelleri), 34
(Rhamdia quelen), 35 (Rhinotocinclus sp.1), 36 (Rhinotocinclus sp.2), 37 (Saxatilia brasiliensis), 38
(Synbranchus madeirae), 39 (Synbranchus sp.1).

S1 S2 S3 S4 S5

Stream Sites

100%

75% Trophic Guilds

@ Carnivorous
@ Detritivorous
@ Invertivorous
@ Omnivorous
@ Periphytivorous
@ Piscivorous
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Trophic Guilds (%)

25%

0%

Fig. 3 Relative richness (%) of fish trophic guilds at each stream site in the Curud-Una River basin.
Trophic guilds follow classification by Leal et al. (2017) based on stomach content analysis.

3.2 Proportion of resources assimilated and biomass

Carbon sources supporting fish assemblage at each stream site were similar, with
terrestrial invertebrates (TI) and benthic invertebrates (BI) being the most assimilated food
resources (Fig. 4). Terrestrial invertebrates were the main food source for Synbranchus
madeirae (67%, Site 1), Hyphessobrycon ericae, and Helogenes marmoratus (55% and 58%,
respectively, at Site 5). Benthic invertebrates accounted for more than 70% of the assimilation
by Acanthodoras cataphractus and Characidium aff. pteroides (Site 3). Filamentous algae
were the main food source for Rhinotocinclus sp.1 (80%, Site 4) and Farlowella smithi (65%,
Site 5). Shrimps represented 45% of the assimilated resources by Rhamdia quelen (Site 2),
while fish accounted for 52% of the assimilated resources for Lugubria strigata.
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Fig. 4 Proportion of food resources assimilated (bars) and abundance (black line) by fish species, and
contribution of food sources to the local assemblage biomass (pie) in five stream sites in Curua-Una
River basin. Fish species: Aca.cata (Acanthodoras cataphractus), Aeq.epae (Aequidens epae),
Aeg.tetr (Aequidens tetramerus), Ana.cf.urop (Anablepsoides cf. urophthalmus), Api.taen
(Apistogramma taeniata), Apt.albi (Apteronotus albifrons), Bat.rani (Batrochoglanis raninus),
Bra.micr (Brachyglanis microphthalmus), Bra.brev (Brachyhypopomus cf. brevirostris), Bry.caud
(Bryconops caudomaculatus), Bry.mela (Bryconops melanurus), Cha.pter (Characidium aff.
pteroides), Cop.nigr (Copella nigrofasciata), Sax.bra (Saxatilia brasiliensis), Lug.stri (Lugubria
strigata) Ery.eryt (Erythrinus erythrinus), Far.smit (Farlowella smithi), Gym.rond
(Gymnorhamphichthys rondoni), Gym.coat (Gymnotus aff. coatesi), Gym.coro (Gymnotus
coropinae), Hel.marm (Helogenes marmoratus), Hem.ocel (Hemigrammus ocellifer), Hop.curu
(Hoplias curupira), Hop.mala (Hoplias malabaricus), Hyp.eric (Hyphessobrycon ericae), Hyp.lept
(Hypopygus lepturus), Hyp.temp (Hypselecara temporalis), Itu.amaz (ltuglanis amazonicus),
Kno.sava (Knodus savannensis), Mel.disp (Melanocharacidium dispilomma), Moe.comm
(Moenkhausia comma), Moe.cons (Moenkhausia conspicua), Nan.marg (Nannostomus marginatus),
Rhi.sp.1 (Rhinotocinclus sp. 1), Par.sp2 (Rhinotocinclus sp. 2), Rha.muel (Rhamdia muelleri),
Rha.quel (Rhamdia quelen), Syn.made (Synbranchus madeirae), Syn.sp.1 (Synbranchus sp. 1).

Most of the fish biomass was supported by terrestrial invertebrates (TI; 31%-55%)
and benthic invertebrates (Bl; 22%-40%). Shrimps were the third most important food
source, contributing 9%-22% to the biomass. Together, these sources accounted for 79%—

90% of the total biomass across all sites, highlighting their crucial role in supporting fish
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assemblages. In turn, FPOM and periphyton were the least important sources for biomass
(Fig. 4)

3.3 Trophic niches and trophic diversity

The trophic niche, or isotopic niche, represented by the standard ellipse area (SEA)
showed significant niche overlap among the sites. The highest SEA;, was observed at Site 4,
which also exhibited the greatest overlap with other sites (See supplementary materials).
Conversely, the lowest SEA, was observed at Site 1, corresponding to the smallest isotopic
niche (Fig. 5).

The trophic diversity metrics for fish were similar across all sampling sites (Table 3).
However, Site 1 displayed the lowest Mean Nearest Neighbor Distance (MNND), Standard
Deviation of Nearest Neighbor Distance (SDNND), and Centroid Distance (CD), suggesting

lower trophic diversity and higher trophic redundancy at this site compared to the others.

16

14

Stream sites

— i *  Site 1
= <] site 2
z [¢] site 3
o [¢] site 4
[¢] site 5
10
8
35 -30 25 -20

5°C (%o)

Fig. 5 Isotopic niche (Standard Ellipse Area, SEA, calculated using a 95% confidence interval) of the
five stream sites in the Curua-Una River basin.
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Table 3 - Layman metrics of the five stream sites in the Curua-Una basin. TA (total area), CD
(centroid distance), MNND (mean nearest neighbor distance), and SNND (standard deviation of
nearest neighbor distance).

Sl S2 S3 sS4 S5
N range 3.55 3.53 2.90 3.10 3.50
C range 5.94 7.14 6.78 9.17 9.84
TA 13.43 17.83 13.16 20.03 20.66
CD 1.52 2.30 2.02 2.51 2.04
MNND 0.51 0.75 0.53 0.64 0.77
SDNND 0.23 0.40 0.40 0.45 0.43

3.4 Trophic position

The mean trophic position ranged from 2.55 (Hemigrammus ocellifer) to 3.73
(Parotocinclus sp.1). The four species common to all stream sites exhibited small variations
in trophic positions: Saxatilia brasiliensis (2.90-3.65), Gymnorhamphichthys rondoni (2.77—
3.56), Hyphessobrycon ericae (2.31-2.74), and Moenkhausia conspicua (2.63-3.59) (Table
4). Among the species common to all stream sites, only H. ericae did not show a higher TP in
S4. Site 4 displayed the highest trophic positions and the broadest trophic range (2.66-3.92),
followed by Site 1 (2.63-3.60), Site 5 (2.41-3.36), Site 3 (2.39-3.32), and Site 2 (2.31-3.21).
Overall, the distribution of trophic positions within each stream site was similar, with most

species feeding at intermediate trophic levels (Fig. 6).
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Fig. 6 Food chain length (violin chart) represented by the mean species trophic positions in each site
(A) and trophic position estimates of fish species common to all stream sites (B). FPOM and CPOM
were used as baselines.

Table 4 - Trophic position occupied by each fish species in the five stream sites of the Curua-Una
River basin

Species Site 1 Site 2 Site 3 Site 4 Site 5 Mean
Acanthodoras cataphractus 3.32 3.32
Aequidens epae 2.97 2.88 2.72 2.86
Aequidens tetramerus 3.03 2.7 3.02 2.86 2.90
Anablepsoides cf. urophthalmus 2.93 2.93
Apistogramma taeniata 3.08 3.53 3.31
Apteronotus albifrons 3.1 3.1
Batrochoglanis raninus 3.62 3.62
Brachyglanis microphthalmus 3.06 297 2.95 2.99
Brachyhypopomus cf. brevirostris 3.21 2.97 3.09
Bryconops caudomaculatus 2.84 3.19 2.97 2.64 291
Bryconops melanurus 2.83 3.92 2.69 3.15
Characidium aff. pteroides 3 2.76 2.98 2.86 2.9
Copella nigrofasciata 2.8 2.8
Erythrinus erythrinus 3.11 2.67 2.73 2.84
Farlowella smithi 3.25 3.25
Gymnorhamphichthys rondoni 2.77 2.81 2.97 3.56 2.96 3.01
Gymnotus aff. coatesi 2.63 2.63
Gymnotus coropinae 3.12 3.44 2.63 3.06
Helogenes marmoratus 2.74 2.99 2.46 2.73
Hemigrammus ocellifer 2.36 241 3.02 241 2.55
Hoplias curupira 3.45 2.96 3.7 3.36 3.37
Hoplias malabaricus 3.13 2.93 3.03
Hyphessobrycon ericae 2.74 2.31 2.8 2.66 2.65 2.63
Hypopygus lepturus 3.06 3.29 3.18
Hypselecara temporalis 2.39 2.39
Ituglanis amazonicus 3.13 3.13
Knodus savannensis 2.86 2.71 2.8 2.79
Lugubria brasiliensis 3.29 3.29
Melanocharacidium dispilomma 2.38 2.38
Moenkhausia comma 2.63 2.56 2.85 2.68
Moenkhausia conspicua 2.87 2.69 2.77 3.59 2.63 291
Nannostomus marginatus 2.88 2.6 3.49 2.81 2.95
Rhamdia muelleri 3.16 3.16
Rhamdia quelen 2.72 3.13 2.93
Rhinotocinclus sp. 2 2.87 2.87
Rhintocinclus sp. 1 3.73 3.73
Saxatilia brasiliensis 3.38 3.21 3.21 3.65 2.9 3.27
Synbranchus madeirae 3.6 2.75 3.18

Synbranchus sp. 1 3.33 3.21 3.27
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4. Discussion

Our results show that both aquatic and terrestrial invertebrates play a major role in
supporting fish assemblages in Amazonian streams. Allochthonous items are critical to the
trophic dynamics of these streams, on average, terrestrial invertebrates and CPOM (coarse
particulate organic matter) together accounted for 42% of the local biomass. Their
contribution could be even greater since a significant part of the contribution from benthos
(33%) is also expected to be primarily derived from allochthonous inputs, as they feed largely
on CPOM (Castro et al. 2016). Allochthonous resources played a significant role in the
trophic dynamics of Amazonian streams, supporting our first hypothesis. This is because
allochthonous inputs serve as both food sources and shelter, not only for fish but also for
aquatic invertebrates that support fish biomass (Sabino & Zuanon, 1998; Carvalho et al.
2013). Conversely, macrophytes and riparian vegetation did not appear to be directly
assimilated by fish at some sites. Nevertheless, this does not rule out the possibility that these
resources are indirectly assimilated, for instance, via invertebrates. The trophic structure,
trophic positions and trophic diversity were similar across all stream sites, which were
reflected in a great overlap in the trophic niche of fish assemblages of all sites. This confirms
our second hypothesis that no variation is expected in the trophic structure of fish

assemblages from streams with similar environmental conditions.

Invertivorous species dominated all the stream sites, similar to previous findings that
identified invertebrates as primary resources or important components in the diet of
Amazonian stream fishes (e.g., Lowe-McConnell, 1999; Ibafiez et al. 2007; Barros et al. 2016;
Fernandes et al. 2018; Soares et al. 2023). In a study conducted in the Curua-Una River basin,
aquatic insects were found in 100% of the analyzed fish stomachs, while terrestrial insects
were present in at least 70% of them (Cardozo & Couceiro, 2017). However, this study
analyzed the diet based on stomach content analysis. Through the application of stable
isotopes in our study, which reveal the assimilated sources over longer timescales, ranging
from weeks to months (Nielsen et al. 2018), we confirmed the assimilation of these
invertebrates. We also highlighted the importance of certain often-overlooked items, such as
shrimps, while they are usually grouped with benthic invertebrates in isotopic analyses, the
high abundance of shrimps during our fieldwork and their distinct 8*C values compared to
benthic invertebrates led us to analyze them as a separate food resource. Shrimps occupied a

position in the biplot similar to that of fish, suggesting they might feed on similar resources as
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invertivorous fish. Additionally, they accounted for 9% to 22% of the local fish biomass,
representing the third most important resource contributing to fish biomass. According to
Kensley & Walker (1982), Amazonian stream shrimps predominantly prey on arthropods,
particularly aquatic insect larvae. Additionally, they represent a significant food resource for
carnivorous, piscivorous, and omnivorous species and should be considered in future trophic

studies.

The high consumption of invertebrates represents a more nutritious diet for fish and
has been reported for assemblages in other pristine Tropical freshwater environments (Correa
& Winemiller, 2017; de Carvalho et al. 2019; Paiva et al. 2024). Moreover, the abundance of
invertivorous fish may be indicative of good stream integrity (de Carvalho et al. 2017).
Invertivore and piscivore species with high swimming abilities have been associated with
streams with greater environmental heterogeneity and higher catchment forest cover
(Cantanhéde & Montag, 2024). In fact, the links between forest cover and freshwater integrity
are well known for Amazonian streams (Leal et al. 2016; Castello & Macedo, 2016; Leal et
al. 2018; Brito et al. 2023; Maués-Silva et al. 2023). Thus, disturbances affecting the
terrestrial-aquatic interface, such as deforestation, have the potential to alter the availability of
resources and nutrients essential for maintaining ecosystem functioning (Machado-Silva et al.
2022) and supporting aquatic assemblages (Zeni & Casatti, 2014). Consequently, those
changes on carbon flow may impact aquatic invertebrates and fish assemblages (Lorion et al.
2008; Ceneviva-Bastos et al. 2017; Brejdo et al. 2018).

Overall, streams sites exhibited similar trophic niches diversity, density and evenness.
The small variations in those metrics suggest that streams with low anthropogenic
disturbances display similar trophic structures. However, some variations in resource use are
expected due to other factors, as observed in S1, which displayed narrow niches, lower
trophic diversity and higher trophic redundancy. The fish assemblage in that stream site
probably relies on similar food resources, due to the high richness of invertivorous species (15
out of 21 collected). In contrast, the widest trophic niche was observed at the stream site with
the highest recorded number of trophic guilds (S4). This stream site had also the lowest
riparian cover, which potentially enhanced primary production and increased the availability
of food resources (de Carvalho et al. 2015; de Carvalho et al. 2017; Machado-Silva et al.
2022). This stream site also showed a broader 6'*C range, suggesting the fish assemblage

exploits a wider variety of food resources.
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The mean trophic positions (TPs) were consistent across all sites, with species feeding
at intermediate trophic levels, a pattern already observed in other well-preserved Neotropical
streams (Carvalho et al. 2023; Fraguas et al. 2025). However, despite similar overall §*° N
ranges, TPs were higher at S4 compared to the others. Among the species present in all sites,
three displayed higher TPs at S4, even though their diets showed no significant variation
between sites. S4 also exhibited the highest percentage of agricultural land use and CPOM
with depleted 6'°N values compared to the other sites. Inorganic fertilizers are known to have
depleted 6'°N values (Nikolenko et al. 2017), which could be influencing the 'N values
observed in CPOM. As we used CPOM as the baseline for estimating trophic positions and
fish have enriched 8'*N values, the higher TP at S4 was probably influenced by these depleted

6'5N values.

In our study, the use of 6*C and 6N stable isotopes proved to be efficient in
assessing the trophic structure and resources sustaining of fish assemblages from Amazonian
streams. While this method provides a comprehensive understanding of resource assimilation
and trophic ecology (Pereira & Benedito, 2007; Albrecht et al. 2021), it also presents certain
challenges. For example, mixing models, which estimate the probability distributions of
resource contributions, can sometimes lead to misinterpretations (Phillips et al. 2014). To
avoid biases and inaccurate probability estimates, we incorporated stomach content data from
Leal et al. (2017). This helped guide the selection of resources that appeared to be more
assimilated by each guild. In the absence of this information in the literature, we recommend
thorough evaluation of the isotopic compositions of resources and consumers, using bi-plot
graphs, for example, alongside species life history data, to help identify the most relevant

resources to be included in the models.

Despite these challenges, the use of carbon and nitrogen stable isotopes in trophic
ecology studies has significantly advanced our understanding of complex processes in aquatic
ecosystems (e.g., Zuluaga-Gomez et al. 2016; Ceneviva-Bastos et al. 2017; de Carvalho et al.
2019; Urbano et al. 2024). Our study is the first to assess the trophic ecology of fish
assemblages from Amazonian stream through stable isotope analyses. We found that both
aquatic and terrestrial invertebrates were the most important food resources for fish.
Moreover, our results suggest a potential similarity in the trophic structure of streams with
low anthropogenic disturbances. Despite some specific differences, the main findings are
consistent, including the predominance of the invertivorous guild, niche width, 6*C and 6'*N

ranges, and trophic positions. Although our stream sites were relatively well preserved,
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Santarem region is part of the Amazonian agriculture frontier that is under intensive pressure.
Future studies investigating how land use changes impact carbon and nitrogen fluxes in this
megadiverse ecosystem are crucial specially giving the accelerating anthropogenic changes in

the Amazon rainforest (Lapola et al., 2023)
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