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ABSTRACT. Native species are important to the dynamics of aquatic environments. Studies that seek to 

understand the basic biology of these species provide information on the species and the dynamics of the 

natural environment. We characterized the diet, feeding habits, and trophic niche breadth of the native 

species Hoplosternum littorale (Hancock, 1828) in neotropical lentic environments. Collections were carried 

out in July 2018 at two sampling points (lagoons) located in the São Francisco Falso River and the Corvo 

River using gill nets. Stomach content was analyzed, and food items were separated, identified, and 

quantified using the volumetric method. PERMANOVA analysis was performed to evaluate possible 

differences in diet between the lagoons. Furthermore, PERMDISP was used to test the trophic niche breadth. 

Fifteen food items were recorded in the São Francisco lagoon, with the most consumed items being detritus, 

Diptera (larvae and pupa), and Odonata (nymph). Seven food items were recorded in the Corvo lagoon, with 

detritus being the most consumed. There was no difference in diet composition and trophic niche breadth 

between the evaluated lagoons. For both lagoons studied, the species was determined to be a detritivore 

feeding habit, given its diet's predominant consumption of detritus. The detritivore classification may be 

related to environmental conditions, food availability, and functional morphology. We also observed the 

presence of microplastics in the stomachs of some specimens, demonstrating anthropic influence on 

aquatic environments. Our study contributes to bettering knowledge on this species, and consequently the 

conservation of the species. It can also serve as a basis for conducting future scientific studies, along with 

developing the area of study related to Brazilian fish ecology. 
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Introduction 

The freshwater fish fauna of South America is one of the richest and most diverse on the planet (Albert, 

Tagliacollo, & Dagosta, 2020; Reis et al., 2016; Rezende & Mazzoni, 2003), and Brazil contributes to this 

diversity with approximately 3,513 species (Froese & Pauly, 2023). This high diversity occurs due to large 

hydrographic systems in the country, such as the Amazon and Paraná-Paraguay basins, which have 

morphologically distinct habitats and make up different biomes (Albert et al., 2020; Rosa & Lima, 2005). 

Among such hydrographic systems, the Upper Paraná River basin has 211 fish species in its floodplain (Ota, 

Deprá, Graça, & Pavanelli, 2018). Species richness of about 80% has been recorded for Siluriformes and 

Characiformes, comprising the dominant groups in most lotic environments in the Upper Paraná Basin (Frota, 

Ota, Deprá, Ganassin, & Graça, 2020; Langeani et al., 2007). 

Seven thousand two hundred and seventy-eight freshwater and marine species distributed among 40 

families have been registered as Siluriformes (Fricke, Eschmeyer, & Van der Laan, 2023). Among these, the 

Callichthyidae family is naturally distributed in tropical and subtropical fresh and brackish waters (Nico, 

Walsh, & Robins, 1996). Callichthyidae has at least 22 genera and 223 valid species (Fricke et al., 2023) and 

inhabit benthic regions of water bodies (Nico et al., 1996). The number of species and their great diversity in 

tropical and subtropical watersheds of this Neotropical Region have also shown a constant and significant 

increase in studies on Brazilian ichthyofauna (Buckup, Menezes, & Ghazzi, 2007). 
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Hoplosternum littorale (Hancock, 1828), Callichthyidae, is a native species that is widely distributed over 

South America and has been recorded in the Upper Paraná, Ribeira de Iguape, Paraíba do Sul, and coastal 

basins (Ota et al., 2018; Oyakawa & Menezes, 2011). This species inhabits shallow, swampy, and lentic 

environments (Caldeira, Silva, Sá, & Silva, 2007). Morphologically, the species has a small, ventral, and 

terminal mouth that projects forward, and a pair of barbels on each side of the mouth (Santos, Jégu, & Merona, 

1984). These characteristics influence their feeding habits, limiting the size of the food ingested, enabling 

them to live in benthic environments (Caldeira et al., 2007). In other studies, H. littorale has shown to be 

omnivorous (Caldeira et al., 2007; López-Rodríguez et al., 2019), invertivores (Santos, Ferreira, & Amadio, 

2008) and planktivorous (Echevarría, Rodríguez, & Machado-Allison, 2018; López- Rodríguez et al., 2019). 

However, most of the work carried out with the species has been in rivers (Caldeira et al., 2007; López-

Rodríguez et al., 2019; Oliveira, Corrêa, & Smith, 2020), with little information on its biological aspects (diet 

and feeding habits) in lentic environments, e.g., lagoons. Lentic environments are characterized as having 

water that is almost still or with variable flows (lakes, lagoons, dams, reservoirs), low current strength, and 

with mainly autochthonous energy (Oliveira & Goulart, 2000).  

Considering the wide distribution of H. littorale, its feeding habits, its opportunistic character, and since 

the feeding behavior of fish can change according to its environment, studies that evaluate diets are relevant 

for understanding the relationships between species and habitats (Esteves, Aranha, & Albrecht, 2021). 

Furthermore, knowledge on the biological aspects of native species is fundamental for understanding the 

trophic dynamics in their natural aquatic environments (Santos, Oliveira, & Moralles, 2009). Thus, these 

studies, in addition to providing information on diets, allow us to understand the behavior of fish in the face 

of environmental variations in food availability (Esteves et al., 2021; Gerking, 1994) offering necessary 

information for preserving natural environments (Adam, Burkepile, & Ruttenberg, 2015; Barros, Almeida, 

Figueiredo, Nunes, & Neta, 2021). We, therefore, sought to characterize the diet composition, feeding habits, 

and trophic niche breadth of H. littorale in Neotropical lentic environments. 

Material and methods 

Study area 

Collections were made at two marginal lagoons on the São Francisco Falso River (SFFR): São Francisco 

lagoon (SFL) (24°53'35.80" S - 54°13'30.79" W), with an entrance to the SFFR; and the Corvo lagoon (COL) 

(24°53'17.11" S - 54°13'02.30" W), with an entrance to the Corvo River and lateral connections with the SFFR 

(Figure 1).  

 

Figure 1. Study area with location of the São Francisco lagoon of the São Francisco Falso River and Corvo lagoon of the Corvo River, of 

Paraná III River Basin, Brazil. 
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Details on both lagoons are given in Table 1. The São Francisco Falso River is a tributary of the left bank 

of the Paraná River, formed by two arms, with its mouth located in the Paraná River where the Refúgio 

Biológico de Santa Helena (RBSH) - Area of Relevant Ecological Interest (ARIE), a Protected Area for 

Sustainable Use) is located (Kliver, 2010). The SFFR does not receive discharges from urban-industrial waste 

into its waterways, but is marked by the presence of livestock and agriculture activities (Silva, Miola, Silva, & 

Sousa, 2010). The Corvo River, also known as the São Francisco Braço Norte River, is one of the 12 sub-basins 

of the Paraná Basin 3. Its source is located near the city of Cascavel/PR. Subsequently, it meets the São Francisco 

Braço Sul River, flowing into the Itaipu Reservoir, Paraná State, Brazil, on the Paraná River (Rocha & Bade, 2018). 

Table 1. Physiographic characteristics of the São Francisco lagoon of the São Francisco Falso River and Corvo lagoon of the Corvo 

River, Paraná III River Basin, Brazil. 

Physiographic characteristics Corvo Lagoon São Francisco Lagoon 

Type of aquatic vegetation 
Presence of floating and submerged macrophytes in 

small quantities in the coastal region 

Presence of floating and submerged macrophytes 

in small quantities in the coastal region 

Land use Presence of grass and area of agricultural occupation 
Presence of grass and area of agricultural 

occupation 

Riparian Zone Ciliary Forest Ciliary Forest 

Environmental gradient Lentic Lentic 

Water transparency 1.1 meters 1.1 meters 

 

Collecting biological material 

Collections of fish specimens were carried out using gill nets (3 - 7 cm between non-adjacent nodes) in 

July 2018 (Authorization SISBIO nº 57181-1, and Register SisGen A186700). The fish were euthanized via an 

overdose of Eugenol at the following concentration: 3000 mg L-1 (Lucena, Calegari, Pereira, & Dallegrave, 

2013; Authorization CEUA-UTFPR 2016/031). In the laboratory, the standard length of the specimens was 

measured using an ichthyometer (0.1 cm) along with their total mass (g) using an analytical balance (0.01 g). 

Subsequently, the specimens were dissected, and the stomachs were removed and fixed in a 4% formaldehyde 

solution and preserved in 70% alcohol. 

Laboratory analysis 

Stomach content was examined under a stereomicroscope or an optic microscope when necessary. Food 

items were separated and identified to the lowest taxonomic level, using identification keys (Bicudo & Bicudo, 

1970 for algae and Mugnai, Nessimian, & Baptista, 2010 for invertebrates). Subsequently, the food items were 

quantified according to the volumetric method, measuring the displacement caused by each food item in a 

graduated measuring utensil (Hyslop, 1980). In this case, a gridded Petri dish was used for smaller food items 

and a graduated beaker for larger food items, as proposed by Hellawell and Abel (1971). We visually identified 

microplastic material using an optical microscope based on the following criteria: i) No cellular or organic 

structure visible in the microplastics; and ii) Equally thick fibers along their entire length (Norén, 2007). 

Data analysis 

All analyses were performed in the R programming environment (RStudio Team, 2022) and the vegan 

package (Oksanen et al., 2022), considering a level of statistical significance at p < 0.05.  

To verify the sample sufficiency (SFL - 12 specimens; COL - 19 specimens), cumulative diversity curves 

were drawn (x-axis: specimens; y-axis: cumulative number of foods) (Figure S1) using the Specaccum function 

(Oksanen et al., 2022). 

To characterize the diets, data on the food composition of the species was expressed as a percentage of 

the volume of each food item relative to the total volume of all the grouped items. Furthermore, the food 

items were grouped according to their trophic origin, as allochthonous (originating from terrestrial 

environments), autochthonous (originating from aquatic environments; Silva, Gubiani, Neves, & Delariva, 

2017) or indeterminate, for each lagoon.  

To determine the feeding habits, a matrix of food items (in ml) was used, with classifications defined by 

the predominance of a certain type of food resource in the diet of the population in each lagoon (> 51% of the 

total volume) (Corrêa, Albrecht, & Hahn, 2011): detritivores, ≥ 51% detritus in stomachs; herbivore, ≥ 51% 

plant items in stomachs; carnivore, ≥ 51% animal items in stomachs. 
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To compare the diet of H. littorale between SFL and COL, one-way Permutational Multivariate Analysis of 

Variance (PERMANOVA) was used with the aid of the adonis function (Oksanen et al., 2022). This non-

parametric test evaluated significant differences between groups based on the measured distance, in this case 

the Bray-Curtis distance, with 999 random permutations (Anderson, 2001).  

To evaluate the trophic niche breadth, multivariate permutational analysis (PERMDISP) (Anderson, 2006) 

was used with the aid of the Bray-Curtis dissimilarity measure, using the betadisper function (Oksanen et al., 

2022). The trophic niche breadth was measured via the spatial dispersion of the individual diet. The 

assumption was that differences in distance between lagoons indicate that the species' diet in one lagoon is 

more restricted or broader than in the other (Silva et al., 2017). In this case, the centroid distance (D) 

corresponds to the trophic niche breadth. To test the null hypothesis, which was that the individual 

intraspecific dispersion and trophic niche breadth did not differ between groups, an F statistic was calculated 

to compare the mean distance of each sample to the group's centroid. Subsequently, the p-value was obtained 

via 999 permutations of the least square residuals (Anderson, 2006) using the permutest.betadisper function 

(Oksanen et al., 2022). Post-hoc pairwise comparisons were made using Tukey’s significant difference method 

with the aid of the TukeyHSD.betadisper function (Oksanen et al., 2022). 

Results 

The food spectrum in the SFL comprised 15 food items, while the food spectrum in the COL comprised 

seven food items. The most consumed food items in the SFL were detritus (66.5%), Diptera (larvae and pupa) 

(17.9%), and Odonata (nymph) (8.8%) (Table 2). For COL, detritus almost entirely composed the diet of H. 

littorale, and was the most consumed item (99.7%) (Table 2). The species at both sites were characterized by 

detritivore feeding habits (Detritus consumption > 51% of total volume). 

Table 2. Food composition in percentage for Hoplosternum littorale in the São Francisco lagoon (SFL) of the São Francisco Falso River 

and Corvo lagoon (COL) of the Corvo River, Paraná III River Basin, Brazil. * percentage < 0.01. Sl (Standard length); Wt (Weight), ME 

(Mean); SD (Standard deviation), and min–max (Minimum and maximum values). 

Area SFL COL 

N 12 19 

Sl (cm) – ME ± SD (min–max) 15.36 ± 1.08 (14–17) 15.20 ± 2.03 (12–21.8) 

Wt (g) – ME ± SD (min-max) 153.86 ± 28.13 (114.5–222.75) 145.12 ± 25.35 (100.31–192.77) 

Food item (%) 

AUTOCHTHONOUS 28 0.14 

Filamentous algae 0.01 * 

Microcrustacean 0.15 0.07 

Mollusca *  

Cladocera * * 

Hydracarina * * 

Aquatic insect 1.83  

Diptera (larvae e pupa) 17.96 0.07 

Trichoptera (larvae) 0.01  

Hymenoptera (larvae) *  

Odonata (nymph) 8.84  

Nematoda 0.01  

ALLOCHTHONOUS 5 0.07 

Diptera (adult) 0.02  

Terrestrial plant 4.56 0.07 

UNDETERMINED 67 99.79 

Detritus 66.52 99.79 

Animal fragment 0.08  

Microplastic * * 

 

No differences were observed in the diet between the lagoons (PERMANOVA, D = 1; F = 1.63; p = 0.121). 

The trophic niche breadth and the individual intraspecific dispersion also did not differ between the evaluated 

lagoons (PERMDISP, D = 1; F = 3.38; p = 0.08). 

The presence of microplastics in the stomachs of some specimens (SFL – 5 specimens; COL – 3 specimens) 

was also recorded (Table 2; Figure 2). In total, 16 microplastics were identified, presenting characteristics 
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with lengths between one and three millimeters, with rigid and fibrous structures, with no visible cellular 

structure, and with a blue coloration. 

 
Figure 2. Microplastics in the stomach of Hoplosternum littorale collected in the São Francisco lagoon of the São Francisco Falso River 

and Corvo lagoon of the Corvo River, Paraná III River Basin, Brazil. (A) Fragment in stereomicroscope on graph paper. 

(B˗C) Photomicrograph using a stereoscopic microscope at 400x magnification. (D) Photomicrograph using a stereoscopic microscope 

with a 200x magnification. 

Discussion 

The diet of the native species H. littorrale in a lentic environment reflected and corroborated the influences 

of the environment on the fish diet. Studies in a lotic environment have demonstrated iliophagous (Oliveira 

et al., 2020) and omnivore-planktivore feeding habits for the species (Caldeira et al., 2007; López-Rodríguez 

et al., 2019). However, here, the species demonstrated detritivore feeding habits with the consumption of 

detritus and aquatic insects in both lagoons, confirming this species’ opportunism and trophic plasticity. In 

the case of a native species, this opportunism and trophic plasticity are important for the maintenance of the 

species itself in its natural environment, as well as the preservation of the ecosystem (Balassa, Fugi, Hahn, & 

Galina, 2004). 

The composition and abundance of available resources are directly related to the conditions and type of 

environment and can interfere with the feeding spectrum of fish (Santos, Medeiros, Rocha, Dias, & Severi, 

2014). We observed no differences in the diet of H. littorale between the lagoons nor in the detritivore 

feeding habits in both lagoons. The same characteristics of both lagoons corroborate this result, indicating 

that the food availability in the areas was similar. Thus, we suggest that the lagoons’ overall characteristics 

favored the food habits of H. littorale. In a lentic environment flows are slower, favoring organic matter 

sedimentation (Fantin-Cruz, Oliveira-Loverde, & Girard, 2008). Although we did not measure the flow 

velocity in the evaluated lagoons, the consumption of detritus and the transparency of the water may 

corroborate higher sedimentation levels. The water transparency observed here (Table 1) in both lagoons, 

associated with slow waters, flow indicates that suspended particulate matter is quickly deposited, as per 

Fantin-Cruz et al. (2008). 

Feeding habits can be related to the morphology of the mouth, limiting food items that can be consumed 

(Esteves et al., 2021). Hoplosternum littorale has a sub-inferior mouth and a body covered by bone plates that 

are ventrally flattened (Hahn, Almeida, & Luz, 1997). These characteristics functionally aided in obtaining 

benthic resources, allowing it to consume organic compounds in the sediment (Thomaz, Lansac Tôha, 

Roberto, Esteves, & Lima, 1992). These organic compounds come from accumulating autochthonous and 

allochthonous organic matter (Azevedo, Mizukawa, Teixeira, & Pagioro, 2008). Thus, lagoons are lentic 

environments, so the organic matter is deposited easily and consumed by fish (Oliveira & Goulart, 2000).  
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Another food resource in the diet of H. littorale, mainly for the SFL specimens, was aquatic insects. This 

was also shown to be a staple food item for the species in other studies (Winemiller, 1987; Hahn et al., 1997; 

Caldeira et al., 2007) but was little consumed by the species in this study. In this case, the most consumed 

items were Diptera larvae and pupa, insects that, during their development phase, are usually found in the 

sediment (Arimoro, Auta, Odume, Keke, & Mohammed, 2018). Possibly, the consumption of these aquatic insects 

may be associated with detritus consumption since both are available resources in the lagoon sediment. 

The consumption of detritus and aquatic insects is evidenced by observing the representativeness of the 

origin of the food. Food items of autochthonous origin were most consumed by H. littorale in both lagoons. 

However, allochthonous resources were less present in the diet, probably due to less environmental 

availability. In tropical regions, subject to wide seasonal variations in water levels, fish diets are strongly 

influenced by changes in the hydrological regime (Pinto, Rocha, Santos, Medeiros, & Severi, 2011). In the 

flood season, allochthonous resource contributions are at their greatest (Pinto et al., 2011). Thus, the lower 

levels of these resources can be explained by the fact that they are not as abundant, especially since 

collections were carried out in a period with less rainfall.  

We should also highlight the presence of microplastics in the stomachs of some of the analyzed fish. This 

can occur due to the increasing level of plastic products discarded into aquatic environments (Roda, Lauer, 

Risso, & Martinez, 2020). Consequently, fish ingest these microplastics, given their small size and attractive 

characteristics, e.g., coloring and buoyancy, and can be mistaken for food and are thus easily consumed 

(Jovanović, 2017; Pinheiro, Oliveira, & Vieira, 2017). Furthermore, microplastics efficiently adsorb organic 

pollutants in the water (Jovanović, 2017). Thus, toxic substances adhered to microplastics that are ingested 

by fish can cause direct damage to the health of these animals (Oliveira, Ribeiro, Hylland, & Guilhermino, 

2013; Jovanović, 2017).  

We emphasize that the presence of microplastics in the stomachs of native fish is worrying. In addition to 

causing possible damage to the animal, microplastic consumption can also cause damage along the trophic 

chain since these substances can accumulate in the trophic chain (Batel, Linti, Scherer, Erdinger, & 

Braunbeck, 2016; Jovanović, 2017). Furthermore, the lagoons studied here are located on the Corvo and São 

Francisco Falso Rivers, the mouths of which are located within a protected area. This shows that the excessive 

use of plastics by humans and their improper disposal can affect places close to protected areas or even the 

ichthyofauna of protected areas, as has already been observed (Ramos et al., 2022). Our observations 

demonstrate the anthropic impacts on native species and natural aquatic ecosystems. 

Conclusion 

Our study adds new information on the trophic ecology of the native species H. littorale and is the first 

report on this species for the studied lagoons. The species proved to be detritivores in both lagoons. We 

reiterate our concern regarding the anthropic impacts demonstrated by the presence of microplastics in 

lagoon substrates, making it possible to use our study for qualitative assessments of pollution in aquatic 

ecosystems and future actions for species conservation. 

Acknowledgements 

This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil 

(CAPES- Finance Code 001) and was supported by the Conselho Nacional de Desenvolvimento Científico e 

Tecnológico (CNPq) (process 402670/2016-7 financial support). We would like to thank the staff of the 

Faculdade de Engenharia de Ilha Solteira (FEIS), the Universidade Estadual Paulista (UNESP), and the 

Universidade Tecnológica Federal do Paraná (UTFPR) for granting access to laboratory facilities and for 

providing logistical help. We would especially like to thank the Laboratório de Ecologia de Peixe (Pirá/UNESP) 

and Grupos de Estudos em Ictiologia Neotropical (GEIN/UTFPR).  

References 

Adam, T. C., Burkepile, D. E., & Ruttenberg, B. I. (2015). Paddack, M.J. Herbivory and the resilience of 

Caribbean coral reefs: knowledge gaps and implications for management. Marine Ecology Progress Series, 

520, 1-20. DOI: https://doi.org/10.3354/meps11170 



Diet of Hoplosternum littorale in lagoons Page 7 of 9 

Acta Scientiarum. Biological Sciences, v. 45, e67806, 2023 

Albert, J. S., Tagliacollo, V. A., & Dagosta, F. (2020). Diversification of Neotropical freshwater fishes. Annual 

Review of Ecology, Evolution, and Systematics, 51, 27-53. DOI: https://doi.org/10.1146/annurev-ecolsys-

011620-031032 

Anderson, M. J. (2001). A new method for non-parametric multivariate analysis of variance. Austral Ecology, 

26(1), 32-46. DOI: https://doi.org/10.1111/j.1442-9993.2001.01070.pp.x 

Anderson, M. J. (2006). Distance based tests for homogeneity of multivariate dispersions. Biometrics, 62(1), 

245-253. DOI: https://doi.org/10.1111/j.1541-0420.2005.00440.x 

Arimoro, F. O., Auta, Y. I., Odume, O. N., Keke, U. N., & Mohammed, A. Z. (2018). Mouthpart deformities in 

Chironomidae (Diptera) as bioindicators of heavy metals pollution in Shiroro Lake, Niger State, Nigeria. 

Ecotoxicology and Environmental Safety, 149, 96-100. DOI: https://doi.org/10.1016/j.ecoenv.2017.10.074 

Azevedo, J. C. R., Mizukawa, A., Teixeira, M. C., & Pagioro, T. A. (2008). Contribuição da decomposição de 

macrófitas aquáticas (Eichhornia azurea) na matéria orgânica dissolvida. Oecologia Brasiliensis, 12(1), 42-

56. DOI: https://doi.org/10.4257/oeco.2008.1201.04 

Balassa, G. C., Fugi, R., Hahn, N. S., & Galina, A. B. (2004). Dieta de espécies de Anostomidae (Teleostei, 

Characiformes) na área de influência do reservatório de Manso, Mato Grosso, Brasil. Iheringia. Série 

Zoologia, 94(1), 77-82. DOI: https://doi.org/10.1590/S0073-47212004000100014 

Barros, M. F. S., Almeida, Z. S., Figueiredo, M. B., Nunes, J. L. S., & Neta, R. N. F. C. (2021). Food ecology of 

Hassar affinis (Actinopterygii: Doradidae) in two lakes of a wet zone of international importance in Northeast 

Brazil. Research, Society and Development, 10(8), 1-18. DOI: https://doi.org/10.33448/rsd-v10i8.16973 

Batel, A., Linti, F., Scherer, M., Erdinger, L., & Braunbeck, T. (2016). Transfer of benzo[α]pyrene from 

microplastics to Artemia nauplii and further to zebrafish via atrophic food web experiment: CYP1A 

induction and visual tracking of persistent organic pollutants. Environmental Toxicology and Chemistry, 

35(7), 1656-1666. DOI: https://doi.org/10.1002/etc.3361 

Bicudo, C. E. M., & Bicudo, R. M. T. (1970). Algas de águas continentais brasileiras: chave ilustrada para 

identificação de gêneros. São Paulo, SP: Fundação Brasileira para o Desenvolvimento do Ensino das Ciências. 

Buckup, P. A., Menezes, N. A., & Ghazzi, M. S. (2007). Catálogo das espécies de peixes de água doce do Brasil. 

Rio de Janeiro, RJ: Museu Nacional. 

Caldeira, F. N., Silva, B. F., Sá, F. S., & Silva, A. G. (2007). Distribuição espaço-temporal e dieta de 

Hoplosternum littorale (Hancock, 1828) (Siluriforme, Callichthydae) no Rio da Draga, Vila Velha, ES. 

Natureza online, 5(2), 96-101.  

Corrêa, C. E., Albrecht, M. P., & Hahn, N. S. (2011). Patterns of niche breadth and feeding overlap of the fish 

fauna in the seasonal Brazilian Pantanal, Cuiabá River Basin. Neotropical Ichthyology, 9(3), 637-646. 

DOI: https://doi.org/10.1590/S1679-62252011000300017 

Echevarría, G., Rodríguez, J. P., & Machado-Allison, A. (2018). Seasonal fluctuations in taxonomic and 

functional diversity in assemblages of catfishes in the Venezuelan Arauca River Floodplain. Studies on 

Neotropical Fauna and Environment, 53(1), 38-53. DOI: https://doi.org/10.1080/01650521.2017.1387426 

Esteves, K. E., Aranha, J. M. R., & Albrecht, M. P. (2021). Ecologia trófica de peixes de riacho: uma releitura 

20 anos depois. Oecologia Australis, 25(2), 266-282. DOI: https://doi.org/10.4257/oeco.2021.2502.04 

Fantin-Cruz, I., Oliveira-Loverde, S., & Girard, P. (2008). Caracterização morfométrica e suas implicações na 

limnologia de lagoas do Pantanal Norte. Acta Scientiarum. Biological Sciences, 30(2), 133-140. 

DOI: https://doi.org/10.4025/actascibiolsci.v30i2.3628 

Froese, R., & Pauly, D. Editors. (2023). List of Freshwater Fishes reported from Brazil. Retrieved on Mar. 25, 

2023 from https://bitlybr.com/VOT 

Fricke, R., Eschmeyer, W. N., & Van der Laan, R. (2023). Eschmeyer’s Catalog of Fishes: genera, species, 

references. Retrieved on Mar. 22, 2023 from https://bitlybr.com/pGc 

Frota, A., Ota, R. R., Deprá, G. D. C., Ganassin, M. J. M., & Graça, W. J. D. (2020). A new inventory for fishes 

of headwater streams from the rio das Cinzas and rio Itararé basins, rio Paranapanema system, Paraná, 

Brazil. Biota Neotropica, 20(1), 1-12. DOI: https://doi.org/10.1590/1676-0611-BN-2019-0833 

Gerking, S. D. (1994). Feeding ecology of fish. San Diego, FL: Academic Press.  

Hahn, N. S., Almeida, V. L. L., & Luz, K. D. G. (1997). Alimentação e ciclo alimentar diário de Hoplosternum 

littorale (Hancock) (Siluriformes, Callchthyidae) nas lagoas Guaraná e Patos da planície do alto rio 



Page 8 of 9 Silva et al. 

Acta Scientiarum. Biological Sciences, v. 45, e67806, 2023 

Paraná, Brasil. Revista Brasileira de Zoologia, 14(1), 57-64. DOI: https://doi.org/10.1590/S0101-

81751997000100005 

Hellawell, J. M., & Abel, R. (1971). A rapid volumetric method for the analysis of the food of fishes. Journal 

of Fish Biology, 3(1), 29-37. DOI: https://doi.org/10.1111/j.1095-8649.1971.tb05903.x 

Hyslop, E. J. (1980). Stomach content analysis: a review of methods and their applications. Journal of Fish 

Biology, 17(4), 411-429. DOI: https://doi.org/10.1111/j.1095-8649.1980.tb02775.x 

Jovanović, B. (2017). Ingestion of microplastics by fish and its potential consequences from a physical 

perspective: potential consequences of fish ingestion of microplastic. Integrated Environmental 

Assessment Management, 13(3), 510-515. DOI: https://doi.org/10.1002/ieam.1913 

Kliver, S. M. (2010). Plano de manejo Área de Relevante Interesse Ecológico ARIE-SH - do Refúgio Biológico de 

Santa Helena (RBSH). Santa Helena, PR: Nattural Engenharia Ambiental.  

Langeani, L., Castro, R. M. C., Oyakawa, O. T., Shibatta, O. A., Pavanelli, C. S., & Casatti, L. (2007). 

Diversidade da ictiofauna do Alto Rio Paraná: composição atual e perspectivas futuras. Biota Neotropica, 

7(3), 182-197. DOI: https://doi.org/10.1590/S1676-06032007000300020 

López-Rodríguez, A., Silva, I., Ávila-Simas, S., Stebniki, S., Bastian, R., Massaro, M. V., & González-

Bergonzoni, I. (2019). Diets and trophic structure of fish assemblages in a large and unexplored 

subtropical river: The Uruguay River. Water, 11(7), 1374. DOI: https://doi.org/10.3390/w11071374 

Lucena, C. A. S., Calegari, B. B., Pereira, E. H. L., & Dallegrave, E. (2013). O uso de óleo de cravo na 

eutanásia de peixes. Boletim da Sociedade Brasileira de Ictiologia, 105, 20-24. 

Mugnai, R., Nessimian, J. L., & Baptista, D. F. (2010). Manual de identificação de macroinvertebrados aquáticos 

do estado do Rio de Janeiro. Rio de Janeiro, RJ: Technical Books.  

Nico, L. G., Walsh, S. J., & Robins, R. H. (1996). An introduced population of the South American 

callichthyid catfish Hoplosternum littorale in the Indian River Lagoon system, Florida. Florida Scientist, 

59(3), 189-200.  

Norén, F. (2007). Small plastic particles in Coastal Swedish waters. Stockholm, SW: KIMO Sweden. Retrieved 

on Mar. 20, 2023 from https://www.penbay.org/bm/plastic_swedish_waters.pdf 

Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R., Legendre, P., Mcglinn, D., … Wagner, H. (2022). 

Community Ecology Package: Vegan. 2. Retrieved on Mar. 20, 2023 from 

https://github.com/vegandevs/vegan 

Oliveira, C. W. S., Corrêa, C. S., & Smith, W. S. (2020). Food ecology and presence of microplastic in the 

stomach content of neotropical fish in an urban river of the upper Paraná River Basin. Revista Ambiente 

& Água, 15(4), 1-11. DOI: https://doi.org/10.4136/ambi-agua.2551 

Oliveira, E., & Goulart, E. (2000). Distribuição espacial de peixes em ambientes lênticos: interação de 

fatores. Acta Scientiarum. Biological Sciences, 22(2), 445-453. 

DOI: https://doi.org/10.4025/actascibiolsci.v22i0.2963 

Oliveira, M., Ribeiro, A., Hylland, K., & Guilhermino, L. (2013). Single and combined effects of microplastics 

and pyrene on juveniles (0þ group) of the common goby Pomatoschistus microps (Teleostei, Gobiidae). 

Ecological Indicators, 34, 641-647. DOI: https://doi.org/10.1016/j.ecolind.2013.06.019 

Ota, R. R., Deprá, G. C., Graça, W. J., & Pavanelli, C. S. (2018). Peixes da planície de inundação do alto rio 

Paraná e áreas adjacentes: Revised, annotated and updated. Neotropical Ichthyology, 16(2), 1-111. 

DOI: https://doi.org/10.1590/1982-0224-20170094 

Oyakawa, O. T., & Menezes, N. A. (2011). Checklist dos peixes de água doce do Estado de São Paulo, Brasil. 

Biota Neotropica, 11(Suppl. 1), 19-32. DOI: https://doi.org/10.1590/S1676-06032011000500002 

Pinheiro, C., Oliveira, U., & Vieira, M. (2017). Occurrence and impacts of microplastics in freshwater fish. 

Journal of Aquaculture & Marine Biology, 5(6), 1-4. DOI: https://doi.org/10.15406/jamb.2017.05.00138 

Pinto, G. A., Rocha, A. A. F., Santos, N. C. L., Medeiros, T. N., & Severi, W. (2011). Variação sazonal na dieta 

de Triportheus guentheri (Garman, 1890) (Actinopterygii: Characidae), no reservatório de Sobradinho, rio 

São Francisco, BA. Boletim do Instituto de Pesca, 37(3), 295-306.  

Ramos, J. K. K., Silva, N. L., Do Bonfim, V. C., Fornari, B. Y., Kliemann, B. C. K., Pagliarini, C. D., Brandão, 

H., & Ramos, I. P. (2022). Characterization of wild fish diet and trophic guild in a protected area. Acta 

Limnologica Brasiliensia, 34, 1-10. DOI: https://doi.org/10.1590/S2179-975X0322 

https://github.com/vegandevs/vegan
http://dx.doi.org/10.4025/actascibiolsci.v22i0.2963


Diet of Hoplosternum littorale in lagoons Page 9 of 9 

Acta Scientiarum. Biological Sciences, v. 45, e67806, 2023 

Reis, R. E., Albert, J. S., Dario, F. Di., Mincarone, M. M., Petry, P., & Rocha, L. A. (2016). Fish biodiversity 

and conservation in South America. Journal of Fish Biology, 89(1), 12-47. 

DOI: https://doi.org/10.1111/jfb.13016  

Rezende, C. F., & Mazzoni, R. (2003). Aspectos da alimentação de Bryconamericus microcephalus 

(Characiformes, Tetragonopterinae) no Córrego Andorinha, Ilha Grande–RJ. Biota Neotropica, 3(1), 1-6. 

DOI: https://doi.org/10.1590/S1676-06032003000100012 

Rocha, A. S., & Bade, M. R. (2018). Geografia da bacia hidrográfica do Paraná 3: fragilidades e potencialidades 

socioambientais. Jundiaí, SP: In House. 

Roda, J. F. B., Lauer, M. M., Risso, W. E., & Martinez, C. B. R. (2020). Microplastics and copper effects on the 

neotropical teleost Prochilodus lineatus: Is there any interaction? Comparative Biochemistry and Physiology 

Part A: Molecular & Integrative Physiology, 242, 1-11. DOI: https://doi.org/10.1016/j.cbpa.2020.110659 

Rosa, R. S., & Lima, F. C. T. (2005). Peixes. In A. B. M. Machado, C. S. Martins, & G. M. Drummond (Eds.), 

Lista da fauna brasileira ameaçada de extinção: Incluindo as espécies quase ameaçadas e deficientes em 

dados (p. 65-81). Belo Horizonte, MG: Fundação Biodiversitas. 

RStudio Team (2022). RStudio: Integrated Development Environment for R. Boston, MA. Retrieved on June 10, 

2023 from http://www.rstudio.com/ 

Santos, A. R., Oliveira, F. R., & Moralles, A. C. (2009). Análise do conteúdo estomacal de Astyanax lineatus 

(Perugia, 1891) (Characiformes: Characidae), provenientes da Serra da Bodoquena, estado de Mato 

Grosso do Sul, Brasil. Nucleus, 6(2), 1-12. DOI: https://doi.org/10.3738/1982.2278.201 

Santos, G. M., Jégu, M., & Merona, B. (1984). Catálogo de peixes comerciais do baixo rio Tocantins; Projeto 

Tucuruí. Manaus, AM: Eletronorte/CNPq/INPA. 

Santos, N. C. L., Medeiros, T. N., Rocha, A. A. F., Dias, R. M., & Severi, W. (2014). Uso de recursos 

alimentares por Plagioscion squamosissimus piscívoro não-nativo no reservatório de Sobradinho-BA, 

Brasil. Boletim do Instituto de Pesca, 40(3), 397-408.  

Santos, R. N., Ferreira, E. J. G., & Amadio, S. (2008). Effect of seasonality and trophic group on energy 

acquisition in Amazonian fish. Ecology of Freshwater Fish, 17(2), 340-348. 

DOI: https://doi.org/10.1111/j.1600-0633.2007.00275.x 

Silva, G. S., Miola, S., Silva, G. S., & Sousa, E. R. (2010). Avaliação da qualidade das águas do rio São 

Francisco Falso, tributário do reservatório de Itaipu, Paraná. Eclética Química, 35(3), 117-122. 

DOI: https://doi.org/10.1590/S0100-46702010000300011 

Silva, J. C., Gubiani, E. A., Neves, M. P., & Delariva, R. L. (2017). Coexisting small fish species in lotic 

neotropical environments: Evidence of trophic niche differentiation. Aquatic Ecology, 51, 275-288. 

DOI: https://doi.org/10.1007/s10452-017-9616-5 

Thomaz, S. M., Lansac Tôha, F. A., Roberto, M. C., Esteves, F. A., & Lima, A. F. (1992). Seasonal variation of 

some limno1ogical factors of lagoa do Guaraná, a várzea lake of the high rio Paraná, state of Mato Grosso 

do Sul, Brazil. Revue D'hydrobiologie Tropicale, 25(4), 269-276.  

Winemiller, K. O. (1987). Feeding and reproductive biology of the currito, Hoplosternum littorale, in the 

Venezuelan Ilanos with comments on the possible function of the enlarged male pectoral spines. 

Environmental Biology of Fishes, 20, 219-227. DOI: https://doi.org/10.1007/BF00004956 

 


