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Abstract
The trophic ecology of ichthyofauna in a stream can be related to the presence or absence of riparian and aquatic 
vegetation, and mainly resource availability. Therefore, the aim of this study was to analyse the seasonal and ontogenetic 
variations for the trophic ecology of Hemigrammus marginatus in the Beija-Flor stream located at the Jataí Ecological 
Station in the municipality of Luiz Antônio-SP, Brazil. In order to attain this objective, the data collections were carried 
out on a monthly basis from August, 2011 to July, 2012. Fish were collected using a trawl net and bait traps from three 
collection stations distributed along the Beija-Flor stream. The quality of the water was evaluated by the chemical 
variables: ammonia, nitrate, total nitrogen, total phosphorus, and physical temperature, dissolved oxygen, pH, turbidity 
and conductivity, obtained by using a Yellow Springs sonde. The collected specimens were fixed in 10% formalin in 
the field and were subjected to biometric measurements in the laboratory. The stomachs were weighed and transferred 
to 70% alcohol and the stomach contents were analysed using a stereomicroscope at the lowest possible taxonomic 
level. The species was considered insectivorous and the autochthonous food items were the most important during 
the dry season, mainly from the orders Ephemeroptera and Trichoptera, while allochthonous items from the order 
Hymenoptera were more important in the wet season. The young individuals’ diet was based on the consumption of 
zooplankton, and insofar as the fish develops, there was a decrease in this item in the diet showing that the species has 
ontogenetic shifts in its diet. The conservation state of the Beija-Flor stream, as well as the flexibility of using food 
and food resources provided by aquatic macrophytes and riparian vegetation are key factors for the high abundance 
of the H. marginatus species.
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Ecologia trófica do Hemigrammus marginatus Ellis, 1911  
(Characiformes, Characidae) em um riacho tropical conservado

Resumo
A ecologia trófica da ictiofauna em um riacho pode estar relacionada à presença ou ausência de mata ciliar e vegetação 
aquática, e principalmente pela disponibilidade de recursos no ambiente. Assim, o objetivo deste estudo foi analisar as 
variações sazonais e ontogenéticas na ecologia trófica de Hemigrammus marginatus no córrego Beija-Flor, localizado na 
Estação Ecológica de Jataí, localizada no município de Luiz Antônio-SP, Brasil. Para atender esse objetivo as coletas de 
dados foram realizadas mensalmente no período de agosto de 2011 a julho de 2012. Os peixes foram coletados utilizando 
rede de arrasto e armadilhas iscadas, em três estações de coleta distribuídas ao longo do córrego Beija-Flor. A qualidade da 
água foi avaliada pelas variáveis químicas amônia, nitrato, nitrogênio total, fósforo total, e físicas temperatura, oxigênio 
dissolvido, pH, turbidez e condutividade, obtidas com auxilio de uma sonda Yellow Springs. Os espécimes coletados 
foram fixados em formalina a 10% no campo e em laboratório foram submetidos a medidas biométricas. Os estômagos 
foram pesados e transferidos para álcool a 70%, e o conteúdo estomacal analisado em estereomicroscópio até o menor 
nível taxonômico possível. A espécie foi considerada insetívora, sendo os itens alimentares de origem autóctone de maior 
importância no período de seca, principalmente das ordens Ephemeroptera e Trichoptera, enquanto os itens de origem 
alóctone, da ordem Hymenoptera, tiveram maior importância no período de cheia. A dieta dos indivíduos jovens foi baseada 
no consumo de zooplâncton, à medida que os peixes se desenvolvem/ crescem ocorre uma diminuição deste item na dieta, 
evidenciando que a espécie possui variações ontogenéticas na sua dieta. O estado de conservação do córrego Beija-Flor, 
associado à flexibilidade no uso do alimento e os recursos alimentares proporcionadas pelas macrófitas aquáticas e mata 
ciliar são fatores fundamentais para a elevada abundância da espécie H. marginatus.

Palavras-chave: peixes de riacho, dieta, variações ontogenéticas, vegetação ripária, bacia do alto rio Paraná, sazonalidade.
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1. Introduction

Changes in fish diet in neotropical streams may 
be related to seasonal and environmental variations 
(Lowe‑McConnell, 1987; Wootton, 1992; Abelha et al., 
2001). Food resources originating from riparian vegetation 
play a major role in the fish diet, mainly in the wet season 
(Lowe-McConnell, 1987; Abilhoa et al., 2008, 2010). Another 
important factor is the presence of macrophytes because 
they provide habitats that can influence the composition 
of the associated fauna and the interspecific relationships 
of the species in aquatic ecosystems (Thomas et al., 2010). 
According to Pelicice et al. (2005), aquatic macrophytes 
provide places for shelter, food and refuge for small fish 
and invertebrates. The ichthyofauna associated with 
macrophyte banks, which can be found along the coastal 
area of lakes and streams, mainly consists of species of 
small characins, which benefit from the availability of 
food from this micro-habitat (Rozas and Odum, 1988; 
Delariva et al., 1994; Suarez et al., 2007).

Changes in the fish diet may also be related to the 
individual´s size, the position of the mouth, the size of the 
digestive tract, and the ability to move and capture food 
resources in the environment (Wootton, 1998; Vitule et al., 
2008). Ontogenetic variations in the diet during growth is 
a way to expand or change the niche of the species in order 
to avoid inter and intra-specific competition and maintain 
the shared resources (Bonato and Fialho, 2014). According 

to Cassemiro et al. (2008), fish species with food plasticity 
have weak ontogenetic changes and a slight expansion in 
the niche breadth. They are unlike piscivorous fish, which 
have a diet based on benthic organisms when young and 
become experts when adults (Cassemiro  et  al., 2008). 
However, ontogenetic studies using fish with insectivore 
feeding behavior are scarce.

Hemigrammus marginatus Ellis 1911 is a small characid 
known in Brazil as “red-tailed flag”, commonly found in 
streams, rivers and lakes in the basins of the Guaporé, 
Amazonas, Itapicuru, Orinoco, São Francisco, Paraná and 
Paraguai rivers (Lima et al., 2003; Reis et al., 2005). Some 
studies show that this species prefers lotic environments, 
but is commonly found in lentic environments, and can 
be considered insectivorous (Agostinho  et  al., 1997; 
Casatti et al., 2003). In this context, the aim of this study 
is to analyze seasonal and ontogenetic variations in the 
trophic ecology of Hemigrammus marginatus in the 
Beija-Flor stream, located at the Jataí Ecological Station, 
Luiz Antônio-SP.

2. Material and Methods
2.1. Characterization of the study area

The Jataí Ecological Station (Figure  1) consists of 
three main types of ecosystems: the Mogi-Guaçu river, 
streams, swamps and marginal lagoons; the flooded land 
areas separating the lakes from the river and the terrestrial 

Figure 1. Location of the Jataí Ecological Station (Luiz Antônio, SP, Brazil), showing the Mogi-Guaçu river and collection 
stations: 1 - Beija-Flor stream upstream from the dam, 2 - Beija-Flor reservoir and 3 - Beija-flor stream downstream from the dam.
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ecosystems, consisting of savannah areas (Santos et al., 
1989; Pires, 1994). There are two distinct climatic periods: 
from November to April, when temperatures and rainfall 
are high; and from May to October, when temperatures 
and rainfall are low (Santos et al., 1989).

The Beija-Flor stream is 13.95 km long (Pires, 1994), 
and is formed by the waters of the Bandeira, Jordão and 
Cabaças stream and flows into the Mogi-Guaçu river 
(Figure 1). Its substrate is sandy, and it is bordered by 
healthy riparian vegetation and aquatic macrophytes along 
its entire length and stretches with different current speeds, 
as well as pools in some places.

The Beija-Flor reservoir is a disused clay pit turned into 
a permanent floodplain of 17.54 hectares and an average 
depth of 1.80 m; it has healthy riparian vegetation and 
aquatic macrophytes, and is located 300 meters from the 
mouth of the Beija-Flor stream. It does not have any kind 
of dam, and maintains ongoing communication with the 
Mogi-Guaçu river through this stream, which may function 
as a corridor for fish between the reservoir and the river. 
It was flooded in 1965 and there are no previous ecological 
studies of the clay pit (Rodrigues, 1997).

2.2. Water and fish samples
The water and H. marginatus samples were collected 

monthly from August, 2011 to July, 2012 in three collection 
stations (Figure 1). Collection station 1 (47° 47’ 50.208” W, 
21° 35’25.08” S) has riparian vegetation of the gallery 
forest type with substrate or a sandy bed, and in 60% of 
this stretch, macrophytes were found rooted to its banks. 
Collection station 2 (47° 48’ 52.808” W, 21° 36’ 33.552” S), 
where the highest concentration of species was found, is 
located in the Beija-Flor reservoir, it has a muddy bottom 
with large banks of rooted and floating aquatic macrophytes, 
and about 80-90% of the sample stretch was covered with 
aquatic macrophytes. Collection station 3 (47° 48’ 34.02” W, 
21° 36’ 33.624” S) has areas of flows and pools, and 
pebbles on the riverbed. The riparian vegetation is of the 
gallery forest type and has many tree roots on the banks. 
It has floating and rooted aquatic macrophytes which can 
be found in about 50% of the river banks.

The samples were collected using transparent acrylic 
bait traps with openings of 3cm, 6cm and 9cm and a trawl 
net with a mesh size of 1cm. The collection using a trawl 
net was done over a distance of 15m on the banks of each 
collection station of the Beija-Flor stream. The fish were 
anaesthetized using a clove oil solution fixed in 10% formalin 
and after 48 hours they were transferred to 70% alcohol. 

In the Population Dynamics Laboratory at the Department 
of Hydrobiology at the Federal University of São Carlos, 
fish were subjected to biometric measurements to obtain 
data of the standard and total lengths (in millimeters), 
using a 1mm precision icterometer and were dissected. 
The total weight of the fish was obtained using a Gehaka 
BG 1000 precision balance with a precision of 0.01g and the 
stomach weight was obtained using the Scientech SA‑210 
balance with a precision of 0.0001g. After weighing, the 
stomachs were placed in vials containing 70% alcohol 
for further analysis. Stomach repletion was determined 
by assigning values on a scale from 1 to 3 (from empty 
to completely full), and only the stomachs with repletion 
degrees of 2 and 3 were analyzed. Some food resources 
found in the stomachs could not be identified due to the 
high degree of decomposition and were grouped in the 
item “Others”.

The determination of the first gonadal maturation size 
of H. marginatus in the Beija-Flor stream followed the 
methodology of Sato and Godinho (1988), which considers 
the size of the smallest individual found in advanced 
maturation, and this size was used to divide the fish into 
standard length classes, separating them into young and 
adults. In this study, the male and female samples with 
a standard length of 1.8cm were considered young, and 
above this length were considered adults. Standard length 
class 1 includes individuals which measure 1.4 to 1.8 cm; 
class 2 from 1.9 to 2.3 cm; class 3 from 2.4 to 2.8 cm; 
class 4 from 2.9 to 3.3 cm and class 5 from 3.4 to 4.0 cm.

Voucher specimens of H. marginatus were deposited 
in the collection at the São Paulo State University, São 
José do Rio Preto campus-SP, Brazil, under number 17502.

Water samples were collected using a Van Dorn bottle. 
The physical and chemical parameters were obtained using 
the methods described in Table 1.

2.3. Data analysis
The water quality was established by interpreting 

the results found by analysing the main components, as 
in Legendre and Legendre (2012), to characterize them 
according to the most important variables in the dry and 
wet seasons.

Identified food items at the lowest taxonomic level was 
used to characterize the diet. The diet analysis was based 
on the frequency of the occurrence method (Fi), which 
is the number of times a particular food item is found 
(Hynes, 1950), and the volumetric method (Vi), in which 
the volume of each food item was obtained from a battery 
of graduated cylinders (Hyslop, 1980). The importance of 

Table 1. Methodology used to analyse water collected from the Beija-Flor stream at the Jataí Ecological Station (Luiz 
Antônio, SP, Brazil) from August, 2011 to July, 2012.

Variable analysed Method
Temperature, pH, Electrical Conductivity, Dissolved 
Oxygen, Turbidity

Yellow Springs Multiparameter sonde 6820 – V2

Ammonia1, Total Organic Nitrogen2, Nitrate2, Nitrite2, 
Total Phosphorus3

Spectrophotometer 

1Koroleff (1976), 2Mackereth et al. (1978), 3Murphy and Riley (1962).
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each item was attributed according to the number of times 
they were found and their volume. This data comprises 
the Alimentary Index (AIi) proposed by Kawakami and 
Vazzoler (1980), which is determined in accordance with 
the mathematical formula below (Equation 1):
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where: AIi = Alimentary Index; i = 1, 2, ... n = particular 
food item; Fi = frequency of occurrence (%) of each item; 
Vi = Volume (%) of each item.

Cluster analysis, using the Bray-Curtis similarity 
coefficient, was used to show the similarity between the 
food items distributed in the H. marginatus size classes. 
This index ranges from 0 to 1 and has been recommended 
due to its consistency in biological analyses (Tabachnick 
and Fidell, 1996). The cophenetic correlation coefficient 
is included with the cluster analysis result to reflect the 
degree of distortion caused by the construction of the 
dendrogram, i.e. the lowest degree of distortion will be 
reflected by the highest cophenetic coefficient (Legendre 
and Legendre, 2012). A complementary analysis of 
canonical discriminant functions was used to observe the 
relationship between dry and wet seasons with food items 
found in H. marginatus stomachs.

3. Results

The variables responsible for the F1 axis ordination were 
nitrate, nitrite, turbidity, ammonia and total phosphorus, 
which characterize the increase in the organic matter 

dissolved in the dry and wet seasons in the Beija-Flor stream 
(Figure 2). On the F2 axis, the variation was assigned to 
the variables of dissolved oxygen, pH, total nitrogen and 
electrical conductivity, which characterize the dry season 
of the Beija-Flor stream (Figure 2). The temperature ranged 
from 18 °C to 31.2 °C during the wet season, and from 
12.8 °C to 29.3 °C during the dry season.

The total number of H. marginatus samples collected 
was 1,126.00 of which 38 young specimens and 256 adult 
specimens were used to analyse the stomach contents; 
98 with degree of repletion 2 and 196 with a degree of 
repletion 3. The classes of lengths 2, 3 and 4 presented 
the highest number of individuals, and consequently more 
stomachs within these classes were analysed. Insects were 
the main food source for the H. marginatus specimens, 
corresponding to 92% of the total number of items, showing 
that its eating habits are predominantly insectivore.

Zooplankton was found in higher amounts in the 
H. marginatus diet only in length 1 class, which consists of 
young individuals. As the specimens grew, there was less 
zooplankton in the H. marginatus diet. However, other items 
became more important, such as Diptera, Ephemeroptera, 
Trichoptera and Hymenoptera larvae and pupae. The items 
which were more consumed by the species (Ephemeroptera, 
Trichoptera and Hymenoptera) occurred in different 
proportions in all the length classes (Figure 3). Moreover, 
plant tissues (pollen and seeds) and fish scales were found 
less in the diet (Figure 3). The most frequent food items 
were Diptera, Ephemeroptera, Trichoptera, Coleoptera 
larvae (Staphylinidae) and Hymenoptera during the dry 
season, while the items Ephemeroptera, Hymenoptera 

Figure 2. Analysis of the main components of the water’s physical and chemical variables in the Beija-Flor stream, located 
at the Jatai Ecological Station, Luiz Antônio – SP, Brazil. Captions: pH – hydrogenionic potential, DO – dissolved oxygen, 
NO2 – nitrate, NO3 – nitrite, TD – turbidity, C – electrical conductivity, TP – total phosphorus, T – water temperature, 
TN – total nitrogen, NH3 – ammonia, collection stations: P1, P2 and P3.
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and Trichoptera were more often found during the wet 
season (Table 2). The items classified as “other” could 
not be identified, due to their high level of decomposition. 
Among the order Hymenoptera, ants were the items that 
were more often found in the H. maginatus diet.

The Bray-Curtis Similarity Dendrogram, using 
the AIi, showed a main cluster between the classes of 
2, 3 and 4 lengths, due to similarities between the food 
items found in the diet of the individuals (Figure  4). 
The class of length 1 remained in a separate group owing 

Figure 3. Frequency of Occurrence of food items distributed in the standard length classes (cm) of the Hemigrammus 
marginatus species, collected at the Beija-Flor stream, located at the Jatai Ecological Station, Luiz Antônio – SP, Brazil.

Figure 4. Similarity Dendrogram (with numbers obtained from the Alimentary Index – AIi), using Bray-Curtis, of food 
items distributed in the standard length classes of the Hemigrammus marginatus in the Beija-Flor stream, located at the Jatai 
Ecological Station (Luiz Antônio–SP). Cophenetic Coefficent 0.976.
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to the fact that the individuals had a higher amount of 
zooplankton in their diet, which shows evidence that the 
H. marginatus has ontogenetic variations in their diet. 
The class of length 5 formed another group of individuals, 
because this class did not present any plant origin items 
in their diet (Figure 4).

The Discriminant Analysis showed differences 
concerning the items found only at collection station 3 
due to the dry and wet periods. At this station, during the 

dry season, the H. marginatus consumed a higher amount 
of autochthonous food items, mainly Ephemeroptera and 
Trichoptera and, during the wet season, most of the items 
consumed were allochthonous, composed by Hymenoptera, 
mainly ants. In collection stations 1 and 3, which had similar 
characteristics (Figure 5) concerning the environment and 
the type of food items (Ephemeroptera and Trichoptera), 
it was observed that they were different only at station 2 
in the wet season.

Table 2. Frequency of Occurence and Alimentary Index (AIi) of the food items consumed during the dry and wet seasons by 
the Hemigrammus marginatus species in the Beija-Flor stream, located at the Jatai Ecological Station, Luiz Antônio – SP, 
Brazil.

Food Items V%Dry V%Wet FO%Dry FO%Wet AIiDry AIiWet
Insect

Fragments of insects 6.4373 14.6182 17.5 11.5538 0.0220 0.0459
Coleoptera

Staphylinidae (larvae) 6.8812 0.0024 40 0.7968 0.0538 <0.0001
Carabidae 1.7758 0.9314 5 5.9761 0.0017 0.0015

Coleoptera (larvae) 1.1099 0.5951 2.5 0.7968 0.0005 0.0001
Psephenidae (larvae) 0 0.0129 0 0.3984 0 <0.0001

Dryopidae (larvae) 0 <0.0001 0 0.3984 0 <0.0001
Diptera

Diptera 1.9978 1.0220 25 11.5538 0.0003 0.0016
Chironomidae (larvae) 0.2220 0.9600 2.5 5.9761 0.0001 0.0016

Ceratopogonidae (larvae) 0.2220 0.0776 2.5 1.5936 0.0001 <0.0001
Simuliidae (larvae) 0 0.1294 0 1.5936 0 0.0001

Dixidae (larvae) 0 0.0259 0 0.3984 0 <0.0001
Megaloptera (larvae) 0 0.0517 0 0.3984 0 <0.0001
Ephemeroptera 37.4029 9.2496 55 28.2869 0.4020 0.0711
Hemiptera

Hemiptera 0.8879 0.9314 5 4.7809 0.0009 0.0010
Notonecta sp. 0.2220 0.0517 2.5 0.7968 0.0001 <0.0001

Trichoptera (larvae) 11.0988 6.6343 200 31.0757 0.4338 0.0560
Hymenoptera

Formicidae 20.5327 61.4739 20 49.0040 0.0670 0.8183
Apidae 0.4440 1.1902 2.5 0.7968 0.0002 0.0003

Odonata (nymph) 0 0.1552 0 1.1952 0 0.0001
Arachnida

Araneae 0.2220 0.2329 2.5 1.9920 0.0001 0.0001
Hydracarina 0 0.0259 0 0.3984 0 <0.0001

Zooplankton
Daphnia sp. 0.3330 1.4155 5 5.9761 0.0003 0.0023

Copepoda 0.8879 0.0129 2.5 0.3984 0.0004 <0.0001
Conchostraca 0 0.0014 0 0.3984 0 <0.0001

Oligochaeta <0.0001 0.0323 2.5 0.7968 X <0.0001
Fish

Scales 0 0.0572 0 1.1952 0 <0.0001
Plant Tissue

Alga filamentosa 0.2220 0.0259 2.5 0.3984 0.0001 <0.0001
Seeds 0 0.0184 0 0.7968 0 <0.0001
Pollen 0 0.0259 0 0.3984 0 <0.0001

Other 9.1010 0.0388 5 0.7968 0.0089 <0.0001
Total 100 100 400 170.9163 1 1
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Considering the Alimentary Index values, the 
allochthonous items had the highest values during the 
wet season compared to the dry season (AIi= 0.8660 and 
AIi‑ 0.0776, respectively). The Alimentary Index of the 
autochthonous items was 0.9096 during the dry season and 
0.1798 during the wet season (Figure 6). The Alimentary 
Index value for the Hymenoptera item was higher during 
the wet season (AIi=0.8183). The autochthonous items 
(Ephemeroptera and Trichoptera) were more important 
during the dry season (AIi=0.4020 and AIi=0.4338, 
respectively) (Table 2).

4. Discussion

The Beija-Flor stream did not show high variations 
in the physical and chemical parameters of the water. 
The  temporal variation of its dynamics was observed, 
mainly because of the increase in temperature and rainfall 
in the wet season months. Due to the increase in the 
rainfall, there was an increase in the variables - nitrate, 
nitrite, turbidity and electrical conductivity. In this period, 
the highest rainfall increases the volume of rivers, which 
usually increases the transportation of organic material 

Figure 5. Discriminant analysis, based on the Alimentary Index (AIi) of the Hemigrammus marginatus species food items 
distributed in the standard length classes 1, 2, 3 4 and 5, collected at stations 1, 2 and 3 during the dry seasons (D) and wet 
seasons (W) in the Beija-Flor stream, Jatai Ecological Station (Luiz Antônio–SP, Brazil).

Figure 6. Alimentary Index (AIi) of the allochthonous and autochthonous food items considering all the standard length 
classes of the Hemigrammus marginatus species in the dry and wet seasons in the Beija-Flor stream, located at Jatai 
Ecological Station, Luiz Antônio–SP, Brazil.
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and insects, which are important for feeding small fish 
(Wetzel and Likens, 2005).

Hemigrammus marginatus has an omnivorous habit 
in different environments (Casatti and Castro, 1998; 
Graciolli et al., 2003). In the Beija-Flor stream, insects 
made up the largest proportion of the diet in all the standard 
length classes. It can be inferred that these arthropods, 
especially the orders Ephemeroptera, Hymenoptera and 
Trichoptera, support the high density of these fish. Young 
individuals of the first standard length class consumed a 
large amount of zooplankton. The ontogenetic variations 
in freshwater fish diet have been commonly reported in 
the literature (Hahn et al., 2000; Lima-Junior and Goitein, 
2003; Cassemiro et al. 2008; Mazzoni and Costa, 2007; 
Agostinho et al., 2009; Suiberto et al., 2009; Abilhoa et al., 
2010; Lima and Behr, 2010; Mazzoni et al., 2010; Bonato 
and Fialho, 2014). The ontogenetic variations found in the 
H. marginatus diet in the Beija-Flor stream are determined 
by the size of the fish, prey and ease of predation of available 
food resources, as the fish become adults, predation by 
the zooplankton item undergoes a significant decrease.

Hemigrammus marginatus feed on autochthonous items 
in the dry season. However, terrestrial insects, especially 
the order Hymenoptera, were found in the two collection 
periods which is a staple food in the wet season. In her 
study on the Rosana Reservoir, in the Paranapanema River, 
Casatti et al. (2003) classified the H. marginatus species as 
invertivorous as its diet is based on autochthonous food, 
especially pupae and larvae of chironomids in the dry and 
wet seasons. In a study in the same reservoir, Pelicice and 
Agostinho (2006) found that the H. marginatus species 
fed mainly on autochthonous items, zooplankton was a 
significant part of the diet and larvae of aquatic insects 
and terrestrial insects were consumed in smaller quantities. 
The diet of H. marginatus in a stream in the municipality 
of Ivinhema, Mato Grosso do Sul consisted of insects as 
the main item (Brandão-Gonçalves et al., 2010). Studying a 
flood area in the Paraná River, Santana‑Porto and Andrian 
(2009) found that the diet of the H. marginatus species 
consisted of zooplankton, especially cladocerans. According 
to Crippa et al. (2009), the diet of H. marginatus in marginal 
lagoons of the upper Paraná floodplain, mainly consisted 
of allochthonous items from the order Hymenoptera. 
According to Lowe-McConnell (1987), allochthonous 
food resources are very important in the stream fish diets, 
however autochthonous items show relevant values in 
various studies (Pelicice and Agostinho, 2006).

Food plasticity of young and adult H. marginatus and 
the food resources provided by the Beija-Flor stream are 
key factors for the high abundance of the species in the 
collection station of this study. The abundance, diversity and 
coverage of aquatic macrophytes, influenced by environmental 
factors such as the depth and nutrient availability (Albaret 
and Ecoutin, 1989), directly affect its association with the 
ichthyofauna. The macrophyte banks provide shelter from 
predators and substrate for the development of organisms 
that serve as food (Takeda et al., 2004) for young and adult 
individuals. This was confirmed by the constant presence of 

pupae and nymphs of Ephemeroptera, Diptera, Trichoptera, 
Chironomidae larvae, Cladocera, Conchostraca, and other 
arthropods found in the diet of H. marginatus specimens 
collected in the Beija-Flor stream. In addition to this rich 
macroinvertebrate fauna, there is micro-algae, fungi and 
the bacterial community, which are associated with these 
habitats (Pompeo and Moschini-Carlos, 2003).

The allochthonous food sources are extremely important 
for the ichthyofauna streams, as these resources can be a 
direct source of food for fish (such as terrestrial insects) 
and contribute to the increase in the amount of particulate 
organic matter that serves as food for benthic invertebrates, 
which in turn feed the fish. Therefore, allochthonous food 
resources are considered to be the basis of the food chain 
in streams because they are primary sources of nutrients 
which come from riparian vegetation (Bretschko and 
Waidbacher, 2001). According to Uieda and Motta (2007), 
the incorporation of allochthonous material in the structure 
of stream communities strengthens the link between aquatic 
and terrestrial environments. Hemigrammus marginatus is 
an example of a species among others that are part of this 
connection, since the ingested nutrients from terrestrial 
insects are incorporated by the fish and transformed into 
nutrients to be included in the system. These nutrients 
incorporated by the system are used as a source of 
energy for aquatic insects that serve as food for most fish 
species of the Beija-Flor stream. The high consumption 
of terrestrial insects of the order Hymenoptera in the 
Beija-Flor stream may be associated with the conservation 
of the riparian vegetation in its surroundings. Thus, the 
relative importance of allochthonous or autochthonous 
food in stream fish communities depends on the specific 
environmental conditions of each region studied, such as the 
presence of riparian vegetation in the basin, transparency 
and water current, among others (Esteves and Aranha, 
1999; Luz‑Agostinho et al., 2006; Abilhoa et al., 2010).

The riparian forest is a major source of food resources 
for ichthyofauna in preserved ecosystems (Borba et al., 
2008). According to Ferreira et al. (2012a), the species 
Astyanax altiparanae consumed allochthonous resources in 
streams of the Corumbataí river basin with the presence of 
riparian vegetation, however in streams where the grassland 
was predominantly in the riparian zone, autochthonous 
resources prevailed in the diet of the species.

Removing riparian vegetation influences the 
structure of stream fish assemblages and can change 
them (Ferreira  et  al., 2012a). Preserving and restoring 
native riparian vegetation is the key to preserving small 
characins in streams (Ferreira  et  al., 2012b). Although 
the Jataí Ecological Station remains conserved, there are 
many environmental problems associated with the land 
use of its surroundings, such as fragmentation and loss of 
habitats in the landscape, sand mining using drainage in 
the Mogi-Guaçu river (Pires and Santos, 1996) and also 
organic and industrial loads from approximately 39 cities 
in the region received by the Mogi Guaçu river (Cetesb, 
1991). Therefore, removing riparian vegetation can be 
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one of the most harmful changes to the Beija-Flor stream 
and its relations with the ecosystem.

The conservation state of the Beija-Flor stream associated 
with the flexibility in food use, and the wide availability 
of food resources provided by aquatic macrophytes and 
riparian vegetation in the environment are key factors for 
the establishment and high abundance of H. marginatus in 
the collection stations studied. According to Ferreira et al. 
(2012b), the conservation of aquatic ecosystems and 
riparian vegetation are important because they provide 
the allochthonous resources required for the maintenance 
of autochthonous food chains. Therefore, maintaining 
riparian forests of the Beija-Flor Stream is important for 
the survival of H. marginatus in the Beija-Flor stream.
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