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Abstract: Aim: The aim of this study was to describe the diet of stream macroinvertebrates and 
to determine their trophic groups. Methods: Invertebrates were sampled with D nets in three pasture 
streams. They were identified to genus level and submitted to gut content analysis, except for fluid 
feeders such as hemipterans, to which diet data was obtained from the literature. Trophic groups were 
determined based on a similarity analysis using the Bray-Curtis similarity coefficient. Results: Five 
trophic groups were defined: fine-detritivores (feed mostly on fine particulate organic matter - FPOM), 
coarse-detritivores/herbivores (feed mostly on coarse particulate organic matter - CPOM - and plant 
material), omnivores, specialist-predators (prey upon aquatic insects only), and generalist-predators. 
Ephemeroptera, Diptera (except Tanypodinae), Coleoptera, and Trichoptera (except Smicridea) were 
detritivores. The caddis Macronema (Trichoptera) fed exclusively on plant detritus and Tanypodinae 
and Smicridea were classified as omnivores. The odonate families Calopterygidae and Gomphidae 
were classified as specialist-predators, while Macrobrachium (Decapoda), Belostoma, and Limnocoris 
(Hemiptera) were generalist-predators. Conclusions: The great quantity and frequency of occurrence 
of FPOM consumed by most taxa highlight the importance of this food resource for macroinvertebrate 
communities from tropical streams. Furthermore, observed variations on trophic group assignment for 
some taxa indicate the generalist and opportunistic nature of these aquatic invertebrates. Such findings 
reinforce the importance of conducting gut content analysis on macroinvertebrates to understand 
their role in the structure and functioning of tropical streams. 
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Resumo: Objetivos: O objetivo deste estudo foi descrever a dieta de macroinvertebrados aquáticos 
de riachos e determinar seus grupos tróficos. Métodos: Os invertebrados foram amostrados com 
rede D em três riachos localizados em áreas de pastagens. Eles foram identificados ao nível de gênero 
(com  exceção da família Chironomidae) e submetidos a análises de dieta, exceto os Hemiptera 
sugadores, cuja dieta foi obtida a partir da literatura. Os grupos tróficos foram determinados por uma 
análise de similaridade utilizando o coeficiente de similaridade de Bray-Curtis. Resultados: Cinco 
grupos tróficos foram definidos: detritívoro-fino (dieta baseada em matéria orgânica particulada 
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feeding habits can influence many aspects of an 
organism, such as life cycle, habitat use and behavior, 
knowing their trophic ecology is fundamental 
to understand how biological communities are 
organized and how they respond to changes in 
the environment (Ricklefs, 2010; Rooney  et  al., 
2006). Thus, the trophic approach can also be 
used as a tool to access the ecological processes that 
underlie stream ecosystem structure and function 
(Gessner & Chauvet, 2002; Pascoal  et  al., 2005; 
Cummins et al., 2005).

Notwithstanding, most studies of aquatic 
insect trophic ecology conducted in tropical 
streams use a literature-based functional feeding 
group classification, which was proposed for 
macroinvertebrates from temperate ecosystems. 
Consequently, they assume that taxa that belong 
to the same genus (or even family) have the same 
feeding habits and food selection mechanisms in 
both temperate and tropical ecosystems (Mathuriau 
& Chauvet, 2002; Gonçalves Junior et al., 2006, 
Couceiro et al., 2011; Callisto et al., 2001; Oliveira 
& Nessimian, 2010). Although this assumption 
can be occasionally correct, it fails to consider the 
functional plasticity of Neotropical invertebrates, 
misguiding conclusions concerning their roles 
in aquatic ecosystems and underestimating 
the importance of food resources as detritus or 
bryophytes (see Dangles, 2002; Ocon et al., 2013 
for examples).

Except for a few recent studies that included 
macroinvertebrate diet analysis in Neotropical 
streams (e.g. Motta & Uieda, 2004; Carvalho 
& Uieda, 2009; Ceneviva-Bastos & Casatti, 
2014; Ramírez & Gutiérrez-Fonseca, 2014), 
empirical studies about their trophic ecology are 
still quite limited. Since information on tropical 
macroinvertebrates morphology and behavior is also 

1. Introduction

Streams ecosystems support a wide range of 
taxonomic groups, such as plants (moss, ferns, 
aquatic macrophytes), algae, fungi, bacteria, 
planktonic organisms, invertebrates (insects, 
mollusks, crustaceans), and vertebrates (fish, 
amphibians, reptiles, mammals) (Allan & Castilho, 
2007). Among the aquatic fauna, macroinvertebrates 
are one of the most representative groups for 
presenting wide distribution and high abundance 
and taxonomic diversity. They are involved in many 
lotic ecosystem processes, such as nutrient cycling, 
energy flow and organic matter processing, playing 
an important role in both aquatic and adjacent 
terrestrial food webs (Malmqvist, 2002; Nakano & 
Murakami, 2001; Bispo et al., 2006; Clarke et al., 
2008).

Therefore, there is a growing need to study 
macroinvertebrate biology to better understand the 
functioning of stream ecosystems and to contribute 
to their management, directing conservation and 
mitigation measures (Moulton, 1998; Wright & 
Covich, 2005; Gonçalves Junior et al., 2006; Wantzen 
& Wagner, 2006). Nevertheless, such understanding 
is limited by practical problems that range from the 
difficulty to identify macroinvertebrate immature 
stages, even at genus level, to the scarcity of available 
morphological and behavioral data (Oliveira & 
Froehlich, 1997).

According to Vannote et al. (1980), the riparian 
forests of headwater streams play a key role in 
structuring aquatic communities and influence 
instream nutrient dynamics. The replacement 
of such vegetation by a pasture matrix deprives 
streams of allochthonous inputs of nutrients and 
organic matter, leading to changes in overall trophic 
structure (Rodrigues & Leitão Filho, 2000). Since 

fina - FPOM), detritívoro-grosso/herbívoro (consumindo principalmente matéria orgânica particulada 
grossa – CPOM – e material vegetal), onívoro, predador-especialista (dieta especializada em inseto 
aquático) e predador-generalista. Ephemeroptera, Diptera (exceto Tanypodinae), Coleoptera e 
Trichoptera (exceto Smicridea) representam os detritívoros. Macronema (Trichoptera) foi o único táxon 
que se alimentou exclusivamente de material vegetal e Tanypodinae e Smicridea foram classificados 
como onívoros. As famílias Calopterygidae e Gomphidae foram classificadas como predador-especialista 
e Macrobrachium (Decapoda), Belostoma e Limnocoris (Hemiptera) como predador-generalista. 
Conclusões: A grande quantidade e frequência de ocorrência de FPOM consumido pela maioria dos 
táxons demonstram a importância desse recurso alimentar para as comunidades de macroinvertebrados 
de riachos tropicais. Além disso, a variação nos grupos tróficos observada em alguns táxons reforça a 
natureza generalista e oportunista dos invertebrados aquáticos. Tais achados reforçam a importância de 
realizar análises de dieta para compreender o papel ecológico das espécies na estrutura e funcionamento 
dos riachos tropicais. 

Palavras-chave: dieta de macroinvertebrados; detrito; grupos alimentares; insetos aquáticos; 
sistema lótico.
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limited and because their diet can vary according to 
local conditions, gut content analysis is certainly a 
more accurate way to access their trophic role than 
using functional feeding groups from the literature, 
at least until a classification is available to tropical 
taxa (Motta & Uieda, 2004; Boulton et al., 2008; 
Boyero et al., 2009; Cheshire et al., 2005). In this 
context, our aim was to determine macroinvertebrate 
trophic groups based on diet analysis, contributing 
to the growing dataset on their trophic ecology and 
feeding behavior in tropical streams.

2. Methods

2.1. Study area

The study was conducted in three streams 
(S1, S2 and S3) located in the Northwest region 
of São Paulo State, Brazil (Figure  1), within the 
São José dos Dourados and Turvo-Grande river 
basins. Climate in the region is hot tropical, with 
average maximum temperature of 32 °C, average 
minimum temperature of 13 °C, average annual 
precipitation from 1,300 to 1,800 mm (Silva et al., 
2007), and two well-defined seasons. The rainy 
season is from October to March (85% of annual 
average precipitation) and the dry season from April 
to September (IPT, 2000).

The study region is reckoned as the most 
deforested and fragmented of São Paulo State, with 
remnants of native vegetation of 9% (Kronka et al., 
1993) of which only 3.3% and 3.7% remain in 
the São José dos Dourados and Turvo-Grande 
river basins, respectively (Nalon  et  al., 2008). 
The rest is predominantly occupied by pasture and 
sugar-cane plantations, including the riparian areas 
(Silva et al., 2007). The studied streams were of low 
order and presented high structural similarity, with 
narrow channel, low depth, lack of riparian forest, 

sandy substrate and abundant grass on the banks, 
configuring typical pasture streams (Casatti et al., 
2009; Teresa & Casatti, 2010).

2.2. Samplings and analysis

Samplings were conducted within three 5-m 
reaches of each stream. Reaches were first isolated by 
placing block nets (3 mm mesh) in their upstream 
and downstream limits. Macroinvertebrates were 
sampled with standardized effort of three D net 
(250 µm mesh) passes along the entire reach, 
exploring all microhabitats present. The material 
retained by the block nets was also collected and 
all samples were fixed in 70% ethanol solution. 
Invertebrates caught were identified to genus level 
(except for Chironomidae, which were identified to 
subfamily level) using taxonomic keys (Froehlich, 
2007; Passos et al., 2007; Domínguez & Fernández, 
2009; Mugnai et al., 2010; Segura et al., 2011).

Diet analysis was performed in ten specimens 
of each taxon of each stream; when less than 
ten specimens were sampled, all specimens were 
analyzed. Guts were removed through ventral 
incision and set on slides for the identification of 
gut contents under microscope. Reticule lens were 
used to help visual estimation of the percentage that 
each food item occupied from total gut contents. 
The diet of hemipterans could not be determined 
because they are fluid-feeders (Nieser & Melo, 
1997). Gut contents were grouped into seven 
categories: fine particulate organic matter (FPOM), 
coarse particulate organic matter (CPOM) and 
plant material, fungi, filamentous algae, unicellular 
or colonial algae, aquatic insects, and other animals.

The percentages of occupation of food items 
in the guts of individuals belonging to a same 
taxon were averaged to represent the diet of that 

Figure 1. Map of the study area highlighting São Paulo State and the location of the studied streams (S1-S3) within 
the watershed. Numbers indicate UTM values (22K).
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taxon. Data were pre-treated with a square root 
transformation to stabilize variances (Clarke 
& Gorley, 2006), and a similarity analysis was 
conducted, using the Bray-Curtis coefficient, to 
determine the trophic groups based on a cut of 
70% similarity. Although such cut seems quite 
high, it was chosen for best describing the use of 
food resources by macroinvertebrates, since many 
of them predominantly fed on a single item.

3. Results

A total of 17,397 macroinvertebrate specimens 
belonging to seven orders and 14 families was 
sampled. Insects represented 13 of the 14 families 
and the most representative orders were Diptera 
(with 82.5% of the total abundance), Ephemeroptera 
(11.3%) and Coleoptera (3.8%). The family 
Chironomidae (Diptera) was also the most 
numerous, representing 81.1% of total abundance, 
followed by the mayflies Baetidae (8.3%) and 

Leptohyphidae (2.2%) and Elmidae beetles (3.8%). 
Other families were less abundant, representing less 
than 5% of total abundance.

In general, fine particulate organic matter 
(FPOM) was the most consumed food item, 
representing 71.5% of overall species diets and being 
frequent in the diet of all taxa, except Progomphus 
and Peruviogomphus. In most occurrences, FPOM 
was the most abundant food item in association to 
other resources. The ‘aquatic insects’ was the second 
most representative resource (19.9%). It was mainly 
represented by remnants of midges and mayflies, 
which were frequently consumed by odonates and 
shrimps. Coarse particulate organic matter and 
plant material represented 5.5% of the consumed 
items and were mostly found in guts of caddisflies. 
The remaining food items were registered in low 
percentages in gut contents, computing less than 
5% of all items consumed. The diet of each taxon 
is provided with further detail in Table 1.

Table 1. List of sampled macroinvertebrates, number of analyzed specimens (N) and representativeness (%) of each 
food item in their diet. FPOM = fine particulate organic matter; CPOM = coarse particulate organic matter and plant 
material; FUN = fungi; AI = aquatic insects; NAI = Non aquatic insects; FA = filamentous algae; UCA = unicellular or 
colonial algae; TG = trophic group; F-D = fine-detritivores; O = omnivores; C-D/H = coarse-detritivores/herbivores; 
S-P = specialist-predators; G-P = generalist-predators.

Taxon N
Food item

FPOM CPOM FUN AI NAI FA UCA TG
Chironominae 90 98.7 0 0.2 0 0 0 1,1 F-D
Orthocladiinae 90 98.7 0 0.1 0 0 1.2 0 F-D
Tanypodinae 60 73.2 0 1.2 25.5 0.1 0 0.2 O
Ceratopogonidae 58 99 0 0.6 0 0 0.3 0.1 F-D
Simulium 41 100 0 0 0 0 0 0 F-D
Macronema 13 13.6 86.4 0 0 0 0 0 C-D/H
Smicridea 27 59.2 20.7 4.5 13.3 0.4 1.8 0.1 O
Hetaerina/Mnesarete 41 1 0 0.2 98.8 0 0 0 S-P
Phyllocycla 13 0.4 0 0 99.6 0 0 0 S-P
Progomphus 4 0 0 0 100 0 0 0 S-P
Peruviogomphus 3 0 0 0 100 0 0 0 S-P
Caenis 33 94 0 5.8 0 0 0.2 0 F-D
Traverhyphes 75 93.2 3.2 2.3 0 0 1,1 0.2 F-D
Tricorythodes 45 86.1 7.9 2.2 0 0 3.2 0.6 F-D
Farrodes 52 93.5 1.1 4.7 0 0 0.7 0 F-D
Ulmeritoides 3 93.3 0.3 4.3 0 0 0.4 1.7 F-D
Americabaetis 78 95.2 0.3 4,1 0 0 0.4 0 F-D
Paracloeodes 20 95.3 0.5 2.2 0 0 2 0 F-D
Waltzohyphius 16 98.5 0 1.3 0 0 0.1 0.1 F-D
Apobaetis 13 98.6 0 1.3 0 0 0.1 0 F-D
Heterelmis 35 81.4 12.6 6 0 0 0 0 F-D
Hexacylloepus 19 90.9 1.8 7.3 0 0 0 0 F-D
Microcylloepus 26 93.5 1.1 5.4 0 0 0 0 F-D
Macrelmis 12 94.1 0 5.9 0 0 0 0 F-D
Neoelmis 4 96.2 0 3.8 0 0 0 0 F-D
Macrobrachium 26 10.4 6.5 0.3 79.9 0.3 2.6 0 G-P
Belostoma* - - - - - - - - G-P
Limnocoris* - - - - - - - - G-P
* The diet of hemipterans could not be determined because they are fluid-feeders. Their trophic group was assigned 
based on Nieser & Melo (1997).
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Macroinvertebrates were classified into 
five trophic groups according to the similarity 
analysis (Figure  2): fine-detritivores (fed mostly 
on fine particulate organic matter – FPOM), 
coarse-detritivores/herbivores (fed mostly on 
coarse particulate organic matter – CPOM – and 
plant detritus), omnivores (fed on detritus and/or 
algae and also preyed), specialist-predators (preyed 
on aquatic insects only), and generalist-predators 
(preyed on other animals as well).

The fine-detritivores group comprised the 
majority of the sampled taxa (64.3%), including 

all Ephemeroptera, Elmidae, and most Diptera. 
The second most representative group (with 14.3% 
of all taxa) was that of specialist-predators, with 
genera of the Calopterygidae and Gomphidae 
families that preyed almost exclusively on 
aquatic insects. Macrobrachium represented the 
generalist-predators, feeding on microcrustaceans, 
aquatic mites, annelids, and aquatic insects, 
associated with algae, organic matter and fungi. 
Although the diet of the hemipterans Belostoma 
and Limnocoris could not be determined, they 
were classified as generalist-predators based on 

Figure 2. Dendrogram representing the similarity in macroinvertebrate diet and the trophic groups they belong to. 
The grey line represents the 70% similarity cut used to define trophic groups. The numbered gray boxes represent the 
following trophic groups: 1 = fine-detritivores; 2 = coarse-detritivores/herbivores; 3 = omnivores; 4 = specialist-predators; 
5 = generalist-predators. The cluster was obtained through UPGMA method using the Bray-Curtis similarity coefficient.
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literature data (Nieser & Melo, 1997). The caddisfly 
Macronema was unique in the coarse-detritivore/
herbivore group and also the only one that presented 
a specialized diet, feeding exclusively on plant 
material and CPOM. Smicridea and Tanypodinae, 
on the other hand, fed on detritus but also preyed, 
thus being classified into the omnivores group.

Fine-detritivores were also the prominent group 
in terms of abundance, comprising 93.2% of 
samples specimens, followed by omnivores (4.3%), 
generalist-predators (1.5%), specialist-predators 
(0.7%), generalist-detritivores (0.2%), and 
coarse-detritivore/herbivores (0.1%). Although 
taxa were classified into these groups, among-stream 
variation on diet composition (and thus classification 
into different trophic groups) was observed for 
Macrobrachium (classified as generalist-predator 
or specialist-predator, depending on the stream) 
Tanypodinae (omnivores, fine-detritivores or 
generalist-predators) and Smicridea (omnivores or 
fine-detritivores).

4. Discussion

Insects were predominant in the sampled streams, 
comprising six of the seven macroinvertebrate 
orders sampled, with dipterans, mayflies, and 
odonates as the most numerous ones. For these 
organisms in general (with exception of odonates), 
FPOM was by far the most consumed food item. 
Such findings have been commonly reported 
elsewhere (Palmer et al., 1993; Shieh et al., 2002; 
Tomanova et al., 2006; Carvalho & Uieda, 2009; 
Ocon  et  al., 2013; Ceneviva-Bastos & Casatti, 
2014) and reinforce the importance of this food 
resource as a key component of lotic ecosystems 
food webs (Acuña et al., 2005; Ceneviva-Bastos & 
Casatti, 2014).

Accordingly, the fine-detritivores was the most 
abundant and species-rich trophic group, indicating 
that FPOM is likely a non-limiting resource of great 
abundance. Organic matter can have autochthonous 
or allochthonous origin and is known to maintain 
highly diverse systems (Rosemond  et  al., 1998; 
Moore et al., 2004). The preference for abundant 
resources as such can be considered an advantage 
in unstable environments as streams (Allan & 
Castilho, 2007) because less time and energy are 
spent in searching for food (Optimal Foraging 
Theory, MacArthur & Pianka, 1966).

Animal origin items are also considered an 
abundant resource, though with higher caloric 
and protein value, what makes it high-quality food 
that is used by many organisms (Cummins & 

Klug, 1979). Represented by aquatic insects, this 
food category was the second most consumed by 
macroinvertebrates, especially odonates. The diet 
of odonates (classified as specialist-predators) 
was specialized in aquatic insects, though the 
consumption of insects from different orders 
indicates little diet overlap, as in other studies 
(Motta & Uieda, 2004; Carvalho & Uieda, 2009). 
Gomphidae dragonflies, for example, burrow in the 
substrate (Carvalho & Nessimian, 1998) and preyed 
mostly on chironomids, whereas Calopterygidae 
damselflies are climbers (Assis  et  al., 2004) and 
preyed mostly on mayflies.

Shrimps were classified as generalist-predators 
because they used a variety of food items among 
which animals were predominant. Since they usually 
consume detritus and animal and vegetal fragments, 
they are commonly classified as opportunistic 
omnivores, with a trend to carnivory (Roy & 
Singh, 1997; Collins & Paggi, 1998; Lima et al., 
2014). The predatory hemipterans, such as 
Belostoma and Limnocoris, were also classified as 
generalist-predators for being able to feed on a 
high prey diversity, such as fish, tadpoles, aquatic 
and terrestrial insects and vertebrates (Nieser & 
Melo, 1997).

Coarse particulate organic matter and plant 
detritus were found in most caddisfly guts, although 
Macronema diet was more specialized on plant 
material (being classified into the coarse-detritivore/
herbivore group). Macronema individuals fed mostly 
on plant fragments of equal size, probably by taking 
small and regular bites (Flint Junior, 1983) on 
leaves and aquatic roots. Conversely, Smicridea was 
classified as a generalist-detritivore for presenting a 
broad diet that includes from algae, detritus and 
fungi to aquatic insects, as found in other studies 
(Flint Junior, 1983; Gil et al., 2008).

The classification of aquatic insects into 
functional feeding groups as proposed by Merritt & 
Cummins (1996) is not appropriate for most tropical 
taxa (although it is frequently used), especially 
when trying to understand ecosystem function 
under a trophic perspective approach. Besides 
underestimating invertebrate trophic plasticity, it 
is frequent that a function is attributed to a taxon 
that is not exerting it in a given environment 
(Rosi-Marshall & Wallace, 2002; Dangles, 2002). 
For example, to assume that all Tanypodinae are 
predators would be to underestimate the energetic 
importance of algae and organic matter. In our 
study, they were omnivorous that fed mostly on 
detritus and also consumed other animals, not the 
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other way around. Hence, we highlight the necessity 
of conducting gut content analysis to properly assess 
what invertebrates eat instead of using inferences 
from literature data only, especially when it comes 
to tropical ecosystems.

Tropical stream fish, for instance, present broad 
trophic plasticity and are potentially capable of 
using whichever food resources are available in 
the environment that adequate to their mouth 
apparatus and digestive capability (Gerking, 1994). 
The same is applicable to invertebrates, which 
usually feed on the most abundant food resources 
(Ceneviva-Bastos & Casatti, 2014). In fact, this 
generalist and opportunistic feeding habit is a 
common strategy of many aquatic invertebrates, 
even from temperate streams (Mihuc & Minshall, 
1995). Such strategy facilitates their adaption 
to changes in food availability (Motta & Uieda, 
2004), though it hinders their classification into 
consistent trophic categories. Our data confirm 
such difficulty, since trophic groups of some taxa 
(i.e. Macrobrachium, Smicridea and Tanypodinae) 
varied among streams, even considering that all 
streams had similar structural characteristics.

According to the “River habitat templet” theory 
(Townsend & Hildrew, 1994), the function of a 
species in an ecosystem is subject to environmental 
conditions. Therefore, while behavioral and 
detailed morphological data are still unavailable, we 
recommend using gut content analysis (instead of 
literature-based functional feeding groups) to depict 
species roles in the ecosystems and to assess the 
structure and function of tropical running waters. 
Finally, since the condition of the studied streams 
implies some level of physical degradation, it is 
presumable to expect trophic groups to be different 
in better-preserved streams.

5. Conclusion

Fine particulate organic matter was the most 
abundant and frequent food resource used by the 
studied community, reinforcing the importance 
of this food resource in tropical streams, while 
the variation in trophic groups observed for some 
taxa reinforces the generalist nature of aquatic 
macroinvertebrates. The use of diversified food 
sources by invertebrates hinders the attempts 
of making general assumptions regarding their 
trophic ecology. Ontogenetic, seasonal, spatial and 
individual diet shifts, along with a broad repertory 
of feeding tactics, are examples of such flexibility, 
making it difficult to classify invertebrates into 

consistent trophic categories and establish patterns 
to compare ecosystems (Cummins, 1973).

Hence, the use of diet analysis to assess 
macroinvertebrate trophic structure and resource use 
can guide the path through a functional perspective 
of each ecosystem. Notwithstanding, further basic 
studies on tropical invertebrates taxonomy, ecology, 
behavior and morphology is needed to assess their 
functional roles in a more accurate way. Studies 
that empirically determined macroinvertebrate 
diet in Brazil, for instance, are very scarce, even 
though such knowledge is of primal importance 
to the feasibility of creating a functional feeding 
group classification that could be extrapolated 
to other Neotropical streams (Tomanova  et  al., 
2006). In this context, this study provides an 
important contribution to current knowledge on 
macroinvertebrate feeding by providing an accurate 
data set of their trophic ecology.
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