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APRESENTAÇÃO

O campo das ciências agrárias e ambientais está em constante evolução, 

refletindo a necessidade crescente de entender e gerenciar os recursos naturais e a 

produção agrícola de maneira sustentável. 

O primeiro volume desta nova coletânea “Estudos em Ciências Agrárias e 

Ambientais”, reúne 12 capítulos de destacados pesquisadores, oferece uma visão 

abrangente das investigações mais recentes em quatro eixos cruciais e complementares: 

ciências agrárias, ciências dos animais, ciências dos alimentos e ciências ambientais.

No eixo Estudos em Ciências Agrárias, os artigos exploram a variabilidade 

genética e os métodos de cultivo que podem influenciar a produtividade e a qualidade das 

culturas. O estudo da heterose em sementes híbridas de milho azul (cap. 1) revela como 

características superiores podem ser obtidas por meio de cruzamentos específicos. 

Adicionalmente, a análise do potencial genotécnico de híbridos e variedades sintéticas 

de milho azul (cap. 2) demonstra a importância da adaptação regional para maximizar 

a produtividade. A pesquisa sobre a manipulação de plantas de limão persa (cap. 3) e a 

propagação vegetativa do lúpulo (cap. 4) trazem insights sobre práticas de cultivo que 

podem otimizar a produção.

O eixo Estudos em Ciências dos Animais foca na saúde e na eficiência dos 

sistemas de produção animal. A detecção de imunoglobulinas contra Anaplasma marginale 

(cap. 5) é essencial para a compreensão das doenças bovinas, enquanto a avaliação 

da eficiência do uso de nutrientes em bovinos (cap. 6) pode melhorar a produtividade 

e a sustentabilidade das operações de pecuária. O estudo sobre a seroprevalência 

de Mycobacterium avium subespécie paratuberculosis em ovinos (cap. 7) oferece 

informações valiosas para o controle de doenças em sistemas de produção ovina.

Os artigos do terceiro eixo, Estudos em Ciências dos Alimentos, discutem 

a inovação e a funcionalidade na produção de alimentos. O potencial das sementes 

de Moringa oleifera (cap. 8) é explorado, destacando seus benefícios nutricionais e 

aplicações alimentares. Além disso, a dinâmica do status total de antioxidantes ao longo 

do processo de produção de vinho (cap. 9) revela como a qualidade do vinho pode ser 

monitorada e aprimorada, desde o suco até o produto final.

Finalmente, o eixo temático Estudos em Ciências Ambientais aborda questões 

cruciais relacionadas ao meio ambiente e à conservação. A investigação sobre a doença 

de manchas marrons e suas interações com hospedeiros (cap. 10) oferece uma visão 

sobre a gestão de doenças em agroecossistemas. Os avanços na conservação dos 

recursos genéticos de baunilha no México (cap. 11) são discutidos, evidenciando esforços 

para preservar espécies ameaçadas e a pesquisa sobre macrofauna bentônica em 

riachos (cap. 12) demonstra a importância dos organismos do solo para a saúde dos 

ecossistemas aquáticos.



Este livro não só apresenta pesquisas inovadoras e relevantes, mas também 

promove uma integração de conhecimentos que é vital para enfrentar os desafios 

contemporâneos nas ciências agrárias e ambientais. Acreditamos que as descobertas 

aqui compiladas contribuirão significativamente para o avanço da ciência e para a 

implementação de práticas mais sustentáveis e eficientes.

Desejo a todos uma proveitosa leitura!

Eduardo Eugênio Spers
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ABSTRACT: The study was conducted in 
headwater streams located in Chapada dos 
Veadeiros, Goiás, Brazil: São Bartolomeu and 
Couros streams. Benthic macroinvertebrates 
were collected in 2011 and 2012, during 
rainy (October to December) and dry (May 
and July) seasons. Eight orders of benthic 
macrofauna were recorded in both streams. 
Odonata had higher abundances: rio São 
Bartolomeu ranged from 42.7 to 19.5%; rio dos 
Couros from 45.4 to 28.3%. Coleoptera was 
representative in the rio São Bartolomeu along 
the study (28.1%, dry/2011; 14.9%, rainy/2011; 
11.3%, dry/2012; 15.6%, rainy/2012). Diptera 
reached 24.2% in the rio dos Couros, dry/2011; 
and Hemiptera had 32.5% in the rio dos 
Couros, dry/2012. In relation to the EPT triad 
(Ephemeroptera-Plecoptera-Trichoptera), 
Plecoptera maintained reduced abundances, 
with the highest value obtained in the rio São 
Bartolomeu-dry/2012 (16.7%). High abundance 
of Ephemeroptera was obtained for both 
streams: in São Bartolomeu, it predominated in 
rainy seasons (31.3%, 2011; 35.1%, 2012); while 
in the Couros river this order was predominant 
in dry seasons (26.2%-2011; 30%-2012). 
Trichoptera was dominant in the dry/2012, rio 
São Bartolomeu (59%), and predominant in the 
dry/2011 in the rio dos Couros (21.2%). The two 
watercourses present relevant differences. Rio 
dos Couros has stony sediment and rugged 
terrain, with rapids and pools intercalated 
along its course. Rio São Bartolomeu has a 
sandier bed and a flatter basin. However, in 
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this first survey, the streams macrofauna were similar. Natural aspects were predominant 
in the benthic macrofauna structure of these streams. The vegetation cover of the basins 
is well preserved, in addition to riparian forests. As the two streams had a greater number 
of organisms and greater species richness in the dry season, it is presumed that the 
rainfall regime was the main factor in the composition of this biota.
KEYWORDS: Benthos. Biological indicators. Pristine waters. Altitude Cerrado.

O PAPEL DA MACROFAUNA BENTÔNICA EM RIACHOS DE CABECEIRA, CHAPADA 

DOS VEADEIROS, BRASIL CENTRAL

RESUMO: O estudo foi conduzido em riachos de cabeceiras situados na Chapada dos 
Veadeiros, Goiás, Brasil: rios São Bartolomeu e dos Couros. Os macroinvertebrados 
bentônicos foram coletados em 2011 e 2012, nas estações chuvosa (outubro a dezembro) 
e seca (maio e julho). Oito ordens da macrofauna bentônica foram registradas nos dois 
riachos. Odonata obteve maiores abundâncias: rio São Bartolomeu variou de 42,7 a 19,5%; 
rio dos Couros de 45,4 a 28,3%. Coleoptera foi representativa no rio São Bartolomeu 
ao longo do estudo (28,1%, seca/2011; 14,9%, chuva/2011; 11,3%, seca/2012; 15.6%, 
chuva/2012). Diptera atingiu 24,2% no rio dos Couros, seca de 2011; e Hemiptera ficou 
com 32,5% no rio dos Couros, seca de 2012. Em relação à tríade EPT (Ephemeroptera-
Plecoptera-Trichoptera), Plecoptera manteve reduzidas abundâncias, com maior valor 
obtido no rio São Bartolomeu-seca de 2012 (16,7%). Abundância elevada de Ephemeroptera 
foi obtida para os dois riachos: no São Bartolomeu, predominou em períodos chuvosos 
(31,3%, 2011; 35,1%, 2012); ao passo que no rio dos Couros esta ordem foi predominante 
nas secas (26,2%-2011; 30%-2012). Trichoptera foi dominante na seca/2012, rio São 
Bartolomeu (59%), e predominante na seca/2011 no rio dos Couros (21,2%). Os dois 
cursos d’água apresentam diferenças relevantes. Rio dos Couros possui sedimento 
pedregoso e relevo acidentado, com corredeiras e piscinas intercaladas ao longo de seu 
curso. Rio São Bartolomeu possui leito mais arenoso e bacia mais plana. Entretanto, nesse 
primeiro levantamento, a macrofauna dos rios foi semelhante. Aspectos naturais foram 
preponderantes na estrutura da macrofauna bentônica destes rios. A cobertura vegetal 
das bacias está bem preservada, além das matas ripárias. Como houve para os dois rios 
maior número de organismos e maior riqueza de espécies na seca, é de se presumir que o 
regime de chuvas tenha sido o principal fator na composição dessa biota.
PALAVRAS-CHAVE: Bentos. Indicadores biológicos. Águas pristinas. Cerrado de altitude.

1 INTRODUCTION

Benthic species are associated with sediments in aquatic environments. They 

can colonize both, the margins and the bottom of rivers and lakes. Due to its sensitivity 

to variations in environmental quality, they are often used as biological indicators in water 

quality monitoring (SILVA-LEITE et al., 2021). Therefore, environmental heterogeneity is 

an important element in the structure of benthic communities in aquatic ecosystems.

Benthic macroinvertebrates are composed of a wide variety of groups, which vary 

in size, type of food and habitat. They are essentially composed of mollusks and immature 
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stages of insects. They have a sedentary habit and a relatively long-life cycle, which makes 

them very representative spatially and temporally.

Because they occur in almost all types of freshwater environments, these 

organisms are very useful for efficient monitoring and evaluation of environmental impacts 

and human activities (COUCEIRO et al., 2010).

Cerrado, the Brazilian savannah, is considered one of the most biodiverse and 

threatened biomes in the world (OLIVEIRA & MARQUIS, 2002), and with high endemism. 

Nevertheless, around 40% of academic works concerning to Cerrado’s macroinvertebrates 

remain only in academic theses, and unpublished in scientific journals (PADOVESI-

FONSECA et al., 2015).

Therefore, it is of great value to carry out studies and monitoring of Cerrado waters, 

paying attention to spring and headwater areas aimed at effective systemic conservation 

and their biological diversity.

This work aims at presenting the benthic macroinvertebrates of Chapada dos 

Veadeiros rivers, associating them with the water quality of these environments.

2 MATERIAL AND METHODS

The present study was carried out in two river basins located north of Goiás, 

Brazil, in a high-altitude Cerrado region of Chapada dos Veadeiros: the Rios dos Couros 

and the Rio São Bartolomeu (Figure 1).

The headwater of the Couros River is located in the Chapada dos Veadeiros 

National Park, close to Morro do Capão Grosso, 1,638m in altitude, and runs 71.5 km east 

wards of the park. São Bartolomeu River originates on the outskirts of the municipality 

of Alto Paraíso de Goiás, is 74 km long and moves easterly towards the Macacão River.

Figure 1. Geographic location of the sampling points, Rio dos Couros (CO) and Rio São Bartolomeu (BA), Chapada 
dos Veadeiros-GO, Brazil. Prepared by Thomas Doucen.
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The regional climate is tropical (classification’s Köppen), with high rainfall since 

November to January, with the drier period during June and August, with annual rainfall 

between 1,500 and 1,750 mm.

Field expeditions were carried out in the rainy (October to December) and dry 

(May and July) periods, with seven sampling points on the dos Couros River and six on 

the São Bartolomeu River.

Figure 2. Collection of benthos in river sediment, using a sieve and type D net. Chapada dos Veadeiros, GO. Image: 
Maria Júlia Martins Silva.

The benthic organisms were actively collected using sieves for one hour at each 

point. In the passive form, it was used a sieve with a “D” rim for benthos. Next, the substrate 

was collected and fixed in 70% alcohol (Figure 2).

In the laboratory, the collected biological material was screened using sieves 

with a mesh size of 1.19 mm and porosity of 4.5 mm. The organisms were identified using 

keys from MERRITT & CUMMINS (2008) and HAMADA et al. (2019). The individuals 

were identified at orders level and deposited in the Aquatic Invertebrate Collection of the 

University of Brasília (CIAq – UnB).

3 RESULTS

A total of 2,064 individuals were collected, with 1,136 from the São Bartolomeu 

River and 928 from the Couros River.

Eight orders of benthic macroinvertebrates were recorded in both rivers (Figures 

3 and 4). Odonata had greater abundances throughout the study; in the São Bartolomeu 

River it ranged from 42.7 to 19.5%; in the Couros River it varied from 45.4 to 28.3%.
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Coleoptera was very representative in the São Bartolomeu River in all collection 

periods (28.1%, dry/2011; 14.9%, rainy/2011; 11.3%, dry/2012; 15.6%, rainy/2012). 

Diptera ranged 24.2% in the Couros River, along the dry season/2011; and 

Hemiptera accounted for 32.5% in the Couros River, in dry/2012.

Concerning to EPT (Ephemeroptera, Plecoptera and Trichoptera), Plecoptera had 

reduced abundances, with the highest value obtained in the São Bartolomeu River (16.7%, 

dry/2012). High abundance of Ephemeroptera was obtained for both watercourses. In 

the São Bartolomeu River, this order predominated during the rainy season (31.3%, 2011; 

35.1%, 2012). In turn, in the Couros River this order was predominant in the dry season 

(26.2%, 2011; 30%, 2012). Trichoptera was dominant in São Bartolomeu River (dry/2012, 

59%), and predominant in the Couros river (dry/2011, 21.2%).

For both watercourses, organisms’ abundance and species richness were 

greater in the dry season (MARTINS-SILVA et al., in prep.).

Figure 3. Benthic macroinvertebrates (orders, %) for the São Bartolomeu River, for the dry and rainy periods, 2011 
and 2012. Chapada dos Veadeiros, GO, Brazil.
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Figure 4. Benthic macroinvertebrates (orders, %) for the Couros River, for the dry and rainy seasons, 2011 and 2012. 
Chapada dos Veadeiros, GO, Brazil.

4 DISCUSSION

The structuring of zoobenthos in lotic environments involves biological 

interactions, availability and quality of resources, type of sediment or substrate, and 

current speed (ESTEVES et al., 2011). In small rivers and headwaters, showed in this study, 

habitat heterogeneity is one of the driving factors in biological diversity. Heterogeneous 

environments favor the colonization of high taxonomic variety as well as trophic guilds, 

carnivores, herbivores, detritivores and collectors of fine particles. As an example, 

FIDELIS et al. (2008) recorded differences in benthic macrofauna depending on the type 

of substrate in Amazonian streams.

Differences in the participation of predators in benthos assemblages were 

observed between the two watercourses. Predator species generally have broad tolerance 

to environmental variations. Coleoptera, the aquatic beetles, was predominant in the São 

Bartolomeu River, but with minimal occurrence in the Couros River. Odonata, also called 

dragonflies, with their voracious predatory aquatic nymphs, was present in both streams in 

the dry period of 2011. They were present in both streams in the 2011 dry period. However, 

in other seasons, they were more abundant in the Couros River. In streams, Odonata 

nymphs are associated with the banks, in unconsolidated sediments, leaf litter, trunks 

and aquatic vegetation (BORGES et al., 2019). The third group of predators, Megaloptera, 

occurred with very low abundance during the study period.
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Species more sensitive to organic pollution, not tolerant to low concentrations 

of dissolved oxygen, and thus, indicators of excellent quality water, were present in 

both streams. These are species that inhabit transparent, oxygenated running waters; 

and, in most cases, low-order streams. These orders, Ephemeroptera, Plecoptera and 

Trichoptera, the triade EPT. Ephemeroptera was the most abundant of this group. 

This order is commonly recorded in preserved areas (COMPIN & CÉRÉGHINO, 2003), 

although it also has records in areas with a lower level of environmental conservation 

(ROMERO et al., 2013).

In turn, Trichoptera and Plecoptera were in low abundance in these watercourses, 

except in the dry period/2012, in which Trichoptera was dominant. Trichoptera colonizes 

sediments selectively, as the species select specific material to build their homes 

(MORETTI et al., 2009). The immatures of this order act as shredders, that is, they use 

fragmented plant material, both for their food and for building their shelters. Trichoptera 

and Plecoptera prefer to colonize low-order streams, being very important in aquatic 

trophic chains.

The order Diptera generally occurs in all waterways. However, the relative 

occurrence of its specims determines the quality of the environment, since its larvae 

tolerate a wide range of pollutants in the water. In turn, Hemiptera order is found in 

adulthood. Hemiptera organisms are omnivorous sucking, using their mouthparts to suck 

out the inside of their prey. This order occurs in pristine and little polluted environments, 

preferably with prey available for food (ESTEVES et al., 2011).

In the present study, the annual dry and rainy seasons did not influence the 

composition of the benthic macrofauna orders. PEREIRA et al. (2017) confirmed that the 

type of substrate is one of the markers of benthos distribution, and that seasonal periods 

have less influence. However, stream level fluctuations are more pronounced during 

the rainy season (PIO et al., 2018). Even though eight orders of benthic organisms were 

recorded in the two rivers, the diversity of species as well as the abundance of organisms 

were greater during the dry period (MARTINS-SILVA et al., in prep.). A similar pattern was 

observed in low-order watercourses in Brazil (PIO et al., 2020).

Previous studies carried out in Cerrado waters found that the rainfall regime is 

essential in the benthic temporal variation in streams (OLIVEIRA et al., 1999; RIBEIRO & 

UIEDA, 2005). Despite this, it cannot be said that there is a seasonal pattern regarding the 

diversity of benthic macroinvertebrates in tropical streams. Although many studies have 

found greater taxonomic richness in dry periods (BAPTISTA et al., 2001; CALLISTO et al., 

2005), other studies have not found differences between seasons (PEREIRA et al., 2017; 

PIO et al., 2018).
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Headwater streams, as presented in this study, are greatly influenced by the 

region’s rainfall regime, because if rain occurs at their springs, the watercourses quickly 

increase their volume. These are called water balls or waterheads. During peak rainfall, 

streams are very high in volume, making field collections difficult. Some groups of benthos 

are carried by the current, and their habitats undergo changes, affecting their diet as well 

as environmental conditions (BISPO et al., 2001).

Couros and São Bartolomeu streams situated in the same climatic region, with 

predominant and well-preserved Cerrado vegetation. The riparian vegetation is generally 

well preserved, and it is only partial in some sections. In the study region, the temporal 

dynamics of these water courses is characterized by periods of flood and drought, which 

can determine the structure of benthic macrofauna assemblages (LAKE, 2000).

The differences relate to the type of sediment and the topography of the relief. 

Couros River has a rocky bed, with rapids interspersed with backwaters and pools along 

its course. This stream crosses relief with very steep slopes, as occurs at its spring and 

at Waterfall’s Couros. São Bartolomeu River has a flatter basin and a less stony and more 

clayey bed.

As similar results were obtained in the structure of benthic macroinvertebrate 

assemblages in both streams, with greater abundance and taxonomic richness during 

dry periods, it can be assumed that the rainfall regime in the region was the main factor 

in driving the assemblages of this biota. Climatic variations can alter the structure of the 

habitat and determine the colonization and establishment of benthos in lotic environments 

(MELO, 2009). In rainy seasons, an increase in flow causes erosion of soil particles in 

the basin, destabilizes the substrate, and reduces the number of available habitats, in 

addition to causing the dragging of organisms (DUDGEON & WU, 1999; SILVEIRA et 

al., 2006). Furthermore, it is during the rainy season that immature benthic organisms 

undergo metamorphosis, becoming winged adults. In contrast, during the dry period 

there is a decrease in water flow, which increases the stability of the substrate, and 

allows the establishment of organisms in the river substrate BISPO et al., 2001; OLIVEIRA 

& NESSIMIAN, 2001).

5 FINAL CONSIDERATIONS

Benthic macrofauna represents an important component of aquatic communities. 

Benthic organisms are widely distributed and occur in different types of substrates. 

As presented in this chapter, its distribution is influenced by several factors, such 

as characteristics of habitats, river flow, rainfall regime, land use in the basins, among 
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others. Changes in these characteristics, combined with changes in the use of its banks 

and disposal of polluting substances, mean that benthic organisms are widely used as 

bioindicators of water quality.

Studies carried out in Brazilian Savannah waters in preserved regions such 

as Chapada dos Veadeiros, Brazil, are eligible tools for configuring reference areas 

and directing environmental monitoring plans and structural bases for more effective 

environmental protection.
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