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Abstract 

Predation regulates the functioning of communities and affects the population dynamics of organisms in the environment. The 

main aquatic predators are represented by invertebrates of the Insecta class, which feed on vertebrate and/or invertebrate 

organisms. Among vertebrates, tadpoles are the most consumed. This experiment studied the predatory activity of aquatic 

insects (Odonata: Libellulidae and Coleoptera: Hydrophilidae) on Rhinella tadpoles sp. and Physalaemus sp. in the city of 

Capitão Poço, Pará, Brazil. The experiment had six treatments performed in two phases (day and night). Significant differences 

were observed only between treatments 1 (control) and 2 (Libellulidae) (F= 7.21; p= 0.00). Insect predatory activity was 

performed in both phases, with no significant differences (F= 1.33; p= 0.26). The success of the Libellulidae family is related 

to the strategies and morphological aspects that their larvae use in the act of predation. In contrast, the Hydrophilidae family, 

represented by adults in this experiment, has characteristics that may have contributed to the low predatory activity observed, 

such as: base diet consisting of algae and organic matter. 
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Atividade predatória de insetos aquáticos (Odonata: Libellulidae e Coleoptera: 
Hydrophilidae) sobre girinos de Rhinella sp. e Physalaemus sp. em condições 

laboratoriais 
 

Resumo 

A predação regula o funcionamento das comunidades e afeta a dinâmica populacional dos organismos no ambiente. Os 

principais predadores aquáticos estão representados pelos invertebrados da classe Insecta, que se alimentam de organismos 

vertebrados e/ou invertebrados. Dentre os vertebrados, os girinos são os mais consumidos. Este experimento estudou a atividade 

predatória dos insetos aquáticos (Odonata: Libellulidae e Coleoptera: Hydrophilidae) sobre girinos de Rhinella sp. e 

Physalaemus sp. na cidade de Capitão Poço, Pará, Brasil. O experimento contou com seis tratamentos realizados em duas fases 

(dia e noite). Foram observadas diferenças significativas somente entre os tratamentos 1 (controle) e 2 (Libellulidae) (F= 7,21; 

p= 0,00). A atividade predatória dos insetos foi realizada em ambas as fases, não havendo diferenças significativas (F= 1,33; 

p= 0,26). O sucesso da família Libellulidae está relacionado as estratégias e aspectos morfológicos que suas larvas utilizam no 

ato de predação. Diferentemente, a família Hydrophilidae, representada por indivíduos adultos neste experimento possui 

características que podem ter colaborado na baixa atividade predatória observada, tais como: alimentação base composta por 

algas e matéria orgânica. 

Palavras-chave: Anfíbios, invertebrados aquáticos, interação interespecífica.  

 

 

Introduction 

Communities of organisms interact in a variety of ways in 

the environment, both in abiotic and biological ways Begon et 

al 2006, Begon & Townsend 2020). These interspecific 

relationships control and/or maintain energy flow and nutrient 

cycling in the ecosystem (Ricklefs 2001, Laundré et al 2014). 

Among these relationships, predation is considered one of 

the most important ecological events, since it influences both 

indirectly and directly the functioning of the present 

populations (Breviglieri et al 2013, Laundré et al 2014, Cinel 

et al 2020). 

Brazil has the greatest richness and diversity of anuran 
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amphibians in the world, with approximately 1144 cataloged 

species (Segalla et al 2021). Due to their varying sizes and 

abundance in nature ( Duellman & Trueb 1994, Pombal JR 

2007, Wake & Koo 2018), they are consumed by various 

animals, from small invertebrates to vertebrates (Strussmann & 

Sazima 1993 , Wells 2010). Tadpoles, in turn, are the most 

affected by predation pressure from aquatic insects, due to their 

size and abundance in temporary aquatic environments 

(Gunzburger & Travis 2004, Touchon & Vonesh 2016), and 

may suffer significant impacts on their populations thanks to 

this predatory pressure mainly in the breeding season (Jara 

2008, Touchon & Vonesh 2016). 

Within the structure of organization of temporary 

freshwater aquatic environments, the main organisms that act 

as predators are aquatic invertebrates, represented mainly by 

arthropods of the Insecta class (e.g. beetles, ants, water 

cockroaches and Odonata larvae) (Wellborn et al 1996, 

Bertoluci et al 2013, Petroni 2020). It is known that these 

organisms have a diversified diet that includes both other 

aquatic invertebrates and juveniles and larvae of vertebrates, 

such as tadpoles and fry (Ferreira-Júnior et al 2014). 

Among aquatic insects, organisms of the orders Odonata 

and Coleoptera are present in various aquatic environments, 

such as rivers, lakes and temporary pools (Ferreira-Júnior et al 

2014). The Order Odonata consists of approximately 5680 

species distributed across all continents, except Antarctica 

(Kalkman et al 2007) of these, approximately 828 species are 

found in Brazil and are arranged in 14 families and 140 genera 

(Costa et al 2012). Their larvae are especially known for their 

high predatory capacity and for being one of the coexisting 

predators of amphibians (Júnior et al 2011). 

In turn, the order Coleoptera constitutes the richest group 

in terms of species of the entire Kingdom Animalia, with more 

than 385,000 described species. They are grouped into four 

suborders: Adephaga , Myxophaga , Polyphaga and 

Archostemata and although most beetles are aerial, a small 

percentage use the aquatic environment as habitat (Slipinski et 

al 2011, Ferreira-Jr et al 2014). The Hydrophilidae family 

(suborder: Polyphaga), whose representatives are aquatic, has 

about 2,840 species and 169 genera (Short & Fikacek 2011). 

This family has eating habits involving decomposing material, 

however some species may also feed on other organisms, such 

as: tadpoles and aquatic invertebrates (Ferreira-Jr et al 2014). 

In this study, two aquatic invertebrates were used, Odonata 

larvae and Coleoptera adults, seeking to clarify some 

information regarding the predatory activity involving 

invertebrates, given that it is very difficult to observe these 

activities in a natural environment (Pombal Jr 2007).  Thus, the 

experiment aimed to study the predatory activity of these two 

families of aquatic insects (Odonata: Libellulidae and 

Coleoptera: Hydrophilidae) in relation to tadpole species of the 

genera Rhinella sp. and Physalaemus sp. under laboratory 

conditions. 

 

Material and Methods 

 

Study area 

The experiment was carried out at the Laboratory of 

Ecology and Conservation of the Amazon (Laboratório de 

Ecologia e Conservação da Amazônia: LABECA-CCP) at 

the Federal Rural University of the Amazon (UFRA-CCP) 

located in the municipality of Capitão Poço, northeast of 

Pará (-1.74833333333 and -47.061666667).  

 

Sampling procedures 

The samples were collected in February and March 2017, 

the local rainy season (Moraes et al 2005, Santos et al 

2021a,b, Santos et al 2022), in temporary puddles in urban 

and rural regions and in the sewage treatment plant in the city 

of Capitão Poço. With the aid of small nets (mesh-2.0 mm) 

tadpoles of Physalaemus sp. and Rhinella sp. and specimens 

of aquatic insects belonging to the families Libellulidae 

(Odonata) and Hydrophilidae (Coleoptera). All organisms 

were packed separately in polyethylene containers with a 

capacity of 1L and transported to the laboratory, where the 

experiment was carried out. 

 

Laboratory procedures 

Aquatic insects and tadpoles were identified using 

specialized taxonomic keys (e.g. Ferreira-Jr et al (2014) and 

Ferreira-Júnior et al (2014) for aquatic insects; and Pezzuti 

(2011) and Hero (1980) for tadpoles. The scientific 

experiment was organized into three treatments (T1- Control 

without predator; T2- Libellulidae predator; T3- 

Hydrofilidae predator) with eight replicates each, being 

carried out in two phases (photoperiod): Phase 1 - Day (10 

am to 18h) and Phase 2 - Night (00h to 08h) (Figure 1). To 

carry out the experiment, a polyethylene basket with a 

capacity of 7 liters was used. In the basket containing 1.5 

liters of dechlorinated water, 20 tadpoles of a of the species. 

Treatment 1 (control) was carried out to verify the 

mortality conditions of the tadpoles in the absence of the 

predator and the possible effects with the water used 

(dechlorinated tap water). In treatment 2, in each replica, 1 

predator of the Libellulidae family was used together with 20 

tadpoles of one of the species in each basket; and in treatment 

3 in each replica, 1 predator of the Hydrophilidae family was 

used for the 20 tadpoles. At the end of each photoperiod, the 

water was changed and the remaining tadpoles that were 

alive were counted, noted down and reused in the replicas. 

 

Data analysis 

After the end of the experiment, the data obtained were 

digitized and submitted to tests of normality and 

homoscedasticity of variances, using the Shapiro-Wilk test 

and Cochran's C test, respectively, for an adequate choice of 

subsequent tests (whether parametric or non-parametric). 

One-way and factorial ANOVA analysis of variance (in this 

case, treatment x period) was used to study the effect of 

treatments, where significant differences between factors 

were recorded whenever (p= 0.05). Tukey 's test was used as 

a method for comparing means a posteriori whenever 

significant differences were observed. 
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Figure 1. Scheme used to carry out the experiment. From left to right: treatments 1 (control), treatment 2 (Libellulidae predator) 

and treatment 3 (Hydrophilidae predator), respectively); number of Physalaemus tadpoles sp. and Rhinella sp. available in each 

treatment according to the photoperiod (morning and evening).  

 

Results and Discussion 

We provided 640 tadpoles for each family of aquatic 

insects, 320 of which belong to the genus Physalaemus and 320 

from Rhinella . The Libellulidae family preyed on 107 

Physalaemus tadpoles and 67 of Rhinella , consuming an 

average of 6.68 and 4.18 tadpoles, respectively, while the 

family Hydrophilidae preyed on 105 and 7, consuming an 

average of 6.56 and 0.43 tadpoles per day. 

Significant differences (F= 7.21; p= 0.00) were observed 

only between treatments 1 (control – no predator) and 2 

(predator – Libellulidae ). This difference did not occur with 

treatment 3 (predator - Hydrophilidae) (Figure 2). Despite this, 

the family Libellulidae preyed on both species of tadpoles. 

 

 

Figure 2. Analysis of variance ANOVA (one-way) for the 

Treatments (T1-control; T2-Libellulidae and T3-

Hydrophilidae) according to the total number of uneaten 

tadpoles. 

 

In contrast, the Hydrophilidae family consumed more 

tadpoles of the species Physalaemus sp. Thus, differences were 

observed according to the species consumed (F= 4.73; p= 

0.03), where tadpoles of Physalaemus sp. were the most preyed 

(Figure 3A). Both families of aquatic insects showed predatory 

activity in both periods, thus, there was no statistically 

significant difference (F= 1.33; p= 0.26), although the 

Libellulidae family preyed slightly more at night compared to 

Hydrophilidae which foraged equally in both periods (Figure 

3B). 

 

Figure 3. Analysis of variance ANOVA for: (A) species of 

tadpoles (Physalaemus sp. and Rhinella sp) and treatments 

(T1-control; T2-Libellulidae and T3-Hydrophilidae) in 

relation to the total number of uneaten tadpoles and (B) 

species of tadpoles (Physalaemus sp. and Rhinella sp.) 

between periods (morning and evening) in relation to the 

total number of uneaten tadpoles 

 

The high predation rates observed for Libellulidae are 

justified due to the high predatory potential of these 

organisms, both in the larval and adult stages (Júnior et al 

2011). Dragonflies have a highly modified buccal structure 

(lip) that facilitates the act of predation (Rodrigues et al 

2016). They are considered generalists, presenting voracious 

behavior, which can directly influence the populations of 

their prey, feeding on a wide variety of organisms, 

contributing to 95% of mortality rates in some groups in the 

natural environment (Neiss & Hamada 2014, Silva-Son 

2021). Dragonflies also have the strategy of remaining inert 
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during predation, achieving more success in capturing their 

prey (Azevedo-Ramos & Magnusson 1999). Because they 

have this predation capacity, Odonata larvae play a 

fundamental role in the environment, being used as biological 

controllers of various organisms (Costa et al 2012). 

The predatory activity of the Hydrophilidae family was 

lower compared to that of the Libellulidae family. This can be 

explained by the fact that the predatory habit is more related to 

their larvae (Oliveira et al 2004). In this study, adults of the 

family were used, as we did not find a sufficient number of 

larvae to carry out the experiment. Adults have a more 

generalist eating habit, involving algae and detritus of organic 

material (Ferreira-Jr et al 2014). Another factor that may have 

influenced the timing of family predation Hydrophilidae is the 

fact that beetles move in circles in the water column (Gambale 

et al 2014). This movement is observed by prey that 

immediately seek ways of defense that prevent them from 

being preyed on, among these, the escape behavior becomes 

the most used (Teplitsky et al 2005). 

Although consumption of hydrophilids was lower than that 

of the Libellulidae family, the family preyed on more 

Physalaemus tadpoles sp., possibly due to the fact that tadpoles 

of Rhinella sp. produce toxic substances (bufotoxin), which 

makes them unpalatable (Cavalheri 2010). This toxin can act 

by inhibiting the sodium and potassium pump and also affect 

the cardiovascular and digestive systems of some organisms, 

which can even lead to death (Gadelha et al 2015). In addition, 

tadpoles of this genus also tend to form aggregates, which was 

also observed in this study, so that predatory activity is lower, 

facilitating the survival of most individuals (Cavalheri 2010). 

Aggregation can act in two ways: the confusion effect - where 

tadpoles disperse in groups, leaving predators confused - and 

the dilution effect, decreasing the chance of individuals being 

preyed on. The larger the aggregate, the smaller the chance of 

predation (Uetz et al 2002). 

Libellulidae family preyed on both Physalaemus sp. as well 

as Rhinella sp., showing no preference for any of the genera, 

proving that their larvae, as well as adults, are natural predators 

(Neiss & Hamada 2014). Furthermore, the unpalatability of 

Rhinella tadpoles does not always function as a defense for 

some predators that have specialized behavioral and 

physiological strategies, which may have been one of the 

reasons why Odonata larvae preyed on them more easily 

(Zanelato et al 2010). In this study, families of aquatic insects 

were foraging in both study periods. However, the Libellulidae 

family was more active for foraging at night, even though this 

difference was not significant. Unlike this study, Mandal et al 

(2008) observed Odonata nymphs consuming more in the 

phase they called photophase (day) compared to the scotophase 

(night). However, Libellulidae nymphs tend to forage 

especially at night, as they have characteristics that help them 

capture prey, such as large compound eyes (Neiss & Hamada 

2014). 

 

Conclusion  

The success of the Libellulidae family may be related to the 

strategies that their larvae have to help in predatory activity, 

such as: Modified lip (jagged), large compound eyes and inert 

behavior. The Hydrophilidae family, represented here by the 

adults, has characteristics that may have contributed to the 

low predatory activity observed in this study, such as: 

circular movements in the water column and the generalist 

habit that includes the consumption of algae and organic 

matter. 

 

Acknowledgements 
We would like to thank Professor Dr. Davidson Azevedo 

Sodré for his help in carrying out the experiment. To the 

Laboratory of Ecology and Conservation of the Amazon and 

to the Federal Rural University of the Amazon for the 

structure and support. I would like to thank the anonymous 

reviewers who contributed to the improvement of this work 

 

References 

Azevedo-Ramos, C., Magnusson, W. E. (1999). Tropical tadpole 

vulnerability to predation: association between laboratory results and 

prey distribution in an Amazonian savanna. Copeia 58-67. doi: 

https://doi.org/10.2307/1447385  

Begon, M., Townsend, C. R., Harper, J. L. (2006). Ecology: from 

individuals to ecosystems. Fourth Edition, 776p.   

Begon M, Townsend CR (2020) Ecology: from individuals to ecosystems. 

John Wiley & Sons.    

Bertoluci, J., Rocha, P. L. B., Rodrigues, M. T. (2013). Field evidence of 

coupled cycles of arthropod predator-tadpole prey abundance in six 

aquatic systems of an Atlantic Rainforest site in Brazil. The 

Herpetological Journal, v. 23, n. 1, p. 63-66.  

Breviglieri, C. P. B., Piccoli, G. C. O., Uieda, W., Romero, G. Q. (2013). 

Predation-risk effects of predator identity on the foraging behaviors 

of frugivorous bats. Oecologia 173(3) 905-912.  doi: 

https://doi.org/10.1007/s00442-013-2677-9  

Cavalheri, H. B. (2010). Quanto mais melhor? Efeito da densidade no 

comportamento de agregação de girinos de Rhinella ornata 

(Amphibia, Bufonidae) Livro do curso de campo “Ecologia da Mata 

Atlântica” (Machado G, Oliveira AA, PIKL Prado, eds.). 

Universidade de São Paulo, São Paulo.  

Cinel, S. D., Hahn, D.A., Kawahara. A. Y. (2020). Predator-induced stress 

responses in insects: a review. Journal of insect physiology, v. 122, 

p. 104039. doi: https://doi.org/10.1016/j.jinsphys.2020.104039    

Costa, J. M., Santos, T. C., Oldrini, B. B. (2012). Odonata, Fabricius, 1792, 

p.246-256. In: Rafael JA, Melo GAR, Carvalho CJB (eds.) Insetos do 

Brasil: diversidade e taxonomia. Ribeirão Preto, Holos Editora, 795p.  

Duellman, W. E., Trueb, L. (1994). Biology of amphibians. JHU press. 

Ferreira-Júnior, N., Salles, F. F., Hamada, N. (2014). Hexápodes Aquáticos, 

p.173-182. In: Hamada N, Nessimian JL, Querino RB (eds.) Insetos 

aquáticos na Amazônia brasileira: taxonomia, biologia e ecologia. 

Manaus, Editora do INPA, 728p. 

https://repositorio.inpa.gov.br/handle/1/35057   

Ferreira-Jr, N., Sampaio, B. H. L., Fernandes, A. S., Clarkson, B., Braga, R. 

B., Passos, M. I. S., Santos, A. D. (2014). Ordem Coleoptera, p.349-

375. In: Hamada N, Nessimian JL, Querino RB (eds.) Insetos 

aquáticos na Amazônia brasileira: taxonomia, biologia e ecologia. 

Manaus, Editora do INPA, 728p.   

Gadelha, I. C. N., Melo, M. M., Soto-Blanco, B. (2015). Intoxicação 

espontânea por sapos da espécie Rhinella jimi (Stevaux, 2002) em 

cães. Revista Brasileira de Higiene e Sanidade Animal 9(2) 195-205. 

http://dx.doi.org/10.5935/1981-2965.20150018  

Gambale, P. G., Batista, V. G., Oda, F. H., Campos, R. M., Takemoto, R. 

M., Bastos, R. P. (2014). Anuran larvae as prey and hosts of 

invertebrates in Neotropical aquatic habitats. Rev. chil. hist. nat. 87 

1-5. doi: https://doi.org/10.1186/s40693-014-0029-8  

Gunzburger, M. S., Travis, J. (2004). Evaluating predation pressure on green 

treefrog larvae across a habitat gradient. Oecologia, 140(3) 422-429. 

doi: https://doi.org/10.1007/s00442-004-1610-7   

Hero, J. M. (1990). An illustrated key to tadpoles occurring in the Central 

https://doi.org/10.2307/1447385
https://doi.org/10.2307/1447385
https://doi.org/10.2307/1447385
https://doi.org/10.1007/s00442-013-2677-9
https://doi.org/10.1007/s00442-013-2677-9
https://doi.org/10.1016/j.jinsphys.2020.104039
https://doi.org/10.1016/j.jinsphys.2020.104039
https://repositorio.inpa.gov.br/handle/1/35057
http://dx.doi.org/10.5935/1981-2965.20150018
http://dx.doi.org/10.5935/1981-2965.20150018
http://dx.doi.org/10.5935/1981-2965.20150018
https://doi.org/10.1186/s40693-014-0029-8
https://doi.org/10.1186/s40693-014-0029-8
https://doi.org/10.1007/s00442-004-1610-7
https://doi.org/10.1007/s00442-004-1610-7
https://archive.org/details/amazoniana-11-002-201-262/page/n11/mode/2up


Reis et al. – Predatory activity of aquatic insects  

  

26  Acta Brasiliensis 7(3): 22-26, 2023 

Amazon rainforest, Manaus, Amazonas, Brasil. Amazoniana: 

Limnologia et Oecologia Regionalis Systematis Fluminis Amazonas, v. 

11, n. 2, p. 201-262. https://archive.org/details/amazoniana-11-002-

201-262/page/n11/mode/2up  

Jara FG (2008) Tadpole–odonate larvae interactions: influence of body size 

and diel rhythm. Aquatic Ecology, 42(3) 503-509. doi: 

https://doi.org/10.1007/s10452-007-9110-6    

Júnior OT, Franco GMS, Casaca JM, Munarini AC, Dal Magro J (2011) Efeito 

do extrato de Melia azedarach sobre a predação de alevinos de carpa 

comum (Cyprinus carpio) por larvas de Neuraeschna (Odonata: 

Aeshnidae). Braz. J. Aquat. Sci. Technol. 15(1) 19-25. doi: 

https://doi.org/10.14210/bjast.v15n1.p19-25    

Kalkman VJ, Clausnitzer V, Dijkstra KDB, Orr AG, Paulson DR, Tol JV 

(2007) Global diversity of dragonflies (Odonata) in freshwater. In: 

Freshwater animal diversity assessment. Springer, Hidrobiologia 

595:351-363. doi: https://doi.org/10.1007/s10750-007-9029-x    

Laundré JW, Hernández L, Medina PL, Campanella A, López-Portillo J, 

González-Romero A, Grajales-Tam KM, Burke AM, Gronemeyer P, 

Browning DM (2014) The landscape of fear: the missing link to 

understand top‐down and bottom‐up controls of prey abundance?. 

Ecology, v. 95, n. 5, p. 1141-1152. doi: https://doi.org/10.1890/13-

1083.1    

Mandal SK, Ghosh A, Bhattacharjee I, Chandra G (2008) Biocontrol efficiency 

of odonate nymphs against larvae of the mosquito, Culex 

quinquefasciatus Say, 1823. Acta Tropica, v. 106, n. 2, p. 109-114, 

2008. doi: https://doi.org/10.1016/j.actatropica.2008.02.002  

Moraes BC, Costa JMN, Costa ACL, Costa MH (2005) Variação espacial e 

temporal da precipitacão no Estado do Pará. Acta Amazonica, 35, 207–

214. 

Neiss UG, Hamada N (2014) Ordem Odonata, p.217-284. In: Hamada N, 

Nessimian JL, Querino RB. Insetos aquáticos na Amazônia brasileira: 

taxonomia, biologia e ecologia. Manaus, Editora do INPA, 728p. 

Oliveira M, Dalla-Rosa C, Matias LH, Cueto JÁ (2004) Hydrophilus 

(Dibolocelus) palpalis (Coleoptera, Hydrophilidae, Hydrophilinae): 

descrição dos estágios imaturos. Iheringia. Sér. Zool. 94(4) 439-442. 

doi: https://doi.org/10.1590/S0073-47212004000400015 

Petroni DM (2020) Influência do habitat, micro-habitat e predadores aquáticos 

na estrutura de taxocenoses de girinos da Mata Atlântica na Estação 

Biológica da Boracéia (SP). Tese de Doutorado. Universidade de São 

Paulo.     

Pezzuti TL (2011) Girinos do Quadrilátero Ferrífero, sudeste do Brasil: 

Ecomorfologia e chave de identificação interativa. Universidade 

Federal de Minas Gerais. 

Pombal Jr JP (2007) Notas sobre predação em uma taxocenose de anfíbios 

anuros no sudeste do Brasil. Rev. Bras. Zool. 24(3) 841-843. doi: 

https://doi.org/10.1590/S0101-81752007000300034   

Rodrigues ME, Koroiva R, Ragalzi-da-Silva E, Moura EB (2016) 

Mecistogaster linearis (Fabricius) (Odonata: Coenagrionidae): First 

Record from Mato Grosso do Sul State, Brazil. Entomo Brasilis 9(3) 

212-215.  doi: https://doi.org/10.12741/ebrasilis.v9i3.637   

Santos TMT, Almeida MF, Aviz D, Rosa Filho JS (2021a) Patterns of spatial 

and temporal distribution of the macrobenthic fauna on an estuarine 

macrotidal sandy beach on the Amazon coast (Brazil). Marine Ecology, 

1-14. 

Santos TMT, Petracco M, Venekey V (2021b) Recreational activities trigger 

changes in meiofauna and free-living nematodes on Amazonian 

macrotidal sandy beaches. Marine Environmental Research, 167, 

105289 

Santos TMT, Petracco M, Venekey V (2022) Effects of vehicle traffic and 

trampling on the macrobenthic community of Amazonian macrotidal 

sandy beaches. Journal of the Marine Biological Association of United 

Kingdom, 1 – 23. doi: https://doi.org/10.1017/S0025315422000480. 

Segalla MV, Berneck B, Canedo C, Caramaschi U, Cruz CAG, Garcia PCA, 

Grant T, Haddad CFB, Lourenço ACC, Mângia S, Mott T, Nascimento 
LB, Toledo LF, Werneck FP, Langone JA (2021) List of Brazilian 

Amphibians. Herpetologia Brasileira, v. 10, nº.1 

Short AEZ, Fikacek M (2011) World catalogue of the Hydrophiloidea 

(Coleoptera): additions and corrections II (2006–2010). Acta 

entomologica musei nationalis Pragae, v. 51, n. 1, p. 83-122, 2011.  

Silva-Filho ES, Araújo-Piovezan TG, Dantas JO, Silvestre MJ, Alves AEO, 

Ribeiro GT (2021) Controle de Larvas de Aedes aegypti por Ninfas 

de libélula (Odonata) sob Condições Laboratoriais. Ensaios e Ciência 

C Biológicas Agrárias e da Saúde, v. 25, n. 2, p. 239-242, 2021. doi: 

https://doi.org/10.17921/1415-6938.2021v25n2p239-242  

Slipinski SA, Leschen RAB, Lawrence JF (2011) Order Coleoptera 

Linnaeus, 1758. In: Zhang, Z.-Q. (Ed.) Animal biodiversity: An 

outline of higher-level classification and survey of taxonomic 

richness. Zootaxa, v. 3148, n. 1, p. 203–208.  

Strussmann C, Sazima I (1993) The snake assemblage of the Pantanal at 

Poconé, western Brazil: faunal composition and ecological summary. 

Studies on Neotropical Fauna and Environment, v. 28, n. 3, p. 157-

168. doi: https://doi.org/10.1080/01650529309360900  

Teplitsky C, Plenet S, Léna JP, Mermet N, Malet E, Joly P (2005) Escape 

behaviour and ultimate causes of specific induced defences in an 

anuran tadpole. Journal of evolutionary biology, v. 18, n. 1, p. 180-

190. doi: https://doi.org/10.1111/j.1420-9101.2004.00790.x  

Touchon JC, Vonesh JR (2016) Variation in abundance and efficacy of 

tadpole predators in a Neotropical pond community. Journal of 

Herpetology, v. 50, n. 1, p. 113-119. doi: https://doi.org/10.1670/14-

111   

Uetz GW, Boyle J, Hieber CS, Wilcox RS (2002) Antipredator benefits of 

group living in colonial web-building spiders: the ‘early 

warning’effect. Animal Behaviour, v. 63, n. 3, p. 445-452, 2002. doi: 

https://doi.org/10.1006/anbe.2001.1918  

Wake DB, Koo MS (2018) Amphibians. Current Biology, v. 28, n. 21, p. 

R1237-R1241, 2018. doi: https://doi.org/10.1016/j.cub.2018.09.028    

Wellborn GA, Skelly DK, Werner EE (1996) Mechanisms creating 

community structure across a freshwater habitat gradient. Annual 

review of ecology and systematics, v. 27, n. 1, p. 337-363, 1996. doi: 

https://doi.org/10.1146/annurev.ecolsys.27.1.337    

Wells KD (2010) The ecology and behavior of amphibians. In: The Ecology 

and Behavior of Amphibians. University of Chicago press, 2010.  doi: 

https://doi.org/10.7208/9780226893334   

Zanelato D, Condé P, Lima AS, Vieira TB, Oliveira G (2010) Respostas 

ao risco de predação em girinos aposemáticos (Amphibia: 

Bufonidae). Livro do curso de campo Ecologia da Mata Atlântica 

(G. Machado and PIKL Prado, eds.). Universidade de Sao Paulo, 

Sao Paulo, v. 1, p. 1-4.  

 

 

 

License: Creative Commons CC BY NC 4.0 

This article was published with open access for distribution under the terms 

of the Creative Commons Attribution License, which allows unrestricted 

use, distribution, and reproduction in any medium, provided the original 

work is properly cited. 

https://archive.org/details/amazoniana-11-002-201-262/page/n11/mode/2up
https://archive.org/details/amazoniana-11-002-201-262/page/n11/mode/2up
https://doi.org/10.1007/s10452-007-9110-6
https://doi.org/10.1007/s10452-007-9110-6
https://doi.org/10.14210/bjast.v15n1.p19-25
https://doi.org/10.14210/bjast.v15n1.p19-25
https://doi.org/10.14210/bjast.v15n1.p19-25
https://doi.org/10.14210/bjast.v15n1.p19-25
https://doi.org/10.1007/s10750-007-9029-x
https://doi.org/10.1007/s10750-007-9029-x
https://doi.org/10.1890/13-1083.1
https://doi.org/10.1890/13-1083.1
https://doi.org/10.1016/j.actatropica.2008.02.002
https://doi.org/10.1016/j.actatropica.2008.02.002
https://doi.org/10.1016/j.actatropica.2008.02.002
https://doi.org/10.1590/S0073-47212004000400015
https://doi.org/10.1590/S0073-47212004000400015
https://doi.org/10.1590/S0073-47212004000400015
https://doi.org/10.1590/S0101-81752007000300034
https://doi.org/10.1590/S0101-81752007000300034
https://doi.org/10.12741/ebrasilis.v9i3.637
https://doi.org/10.12741/ebrasilis.v9i3.637
https://doi.org/10.1017/S0025315422000480
https://doi.org/10.1017/S0025315422000480
https://doi.org/10.1017/S0025315422000480
https://doi.org/10.17921/1415-6938.2021v25n2p239-242
https://doi.org/10.17921/1415-6938.2021v25n2p239-242
https://doi.org/10.1080/01650529309360900
https://doi.org/10.1080/01650529309360900
https://doi.org/10.1111/j.1420-9101.2004.00790.x
https://doi.org/10.1111/j.1420-9101.2004.00790.x
https://doi.org/10.1111/j.1420-9101.2004.00790.x
https://doi.org/10.1670/14-111
https://doi.org/10.1670/14-111
https://doi.org/10.1006/anbe.2001.1918
https://doi.org/10.1006/anbe.2001.1918
https://doi.org/10.1006/anbe.2001.1918
https://doi.org/10.1016/j.cub.2018.09.028
https://doi.org/10.1146/annurev.ecolsys.27.1.337
https://doi.org/10.1146/annurev.ecolsys.27.1.337
https://doi.org/10.7208/9780226893334

