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Abstract: Aim: This study aimed to investigate the diet of seven species of fish that consume
predominantly benthic macroinvertebrates, and the availability of these organisms in the
environment. We analyzed the occurrence of trophic segregation between species and the correlation
between the abundance of macroinvertebrates in the diet and in the environment. Methods: Fish
and macroinvertebrates were sampled in three streams of the Pirapé River basin (Upper Parand
River - Brazil). Differences in diet composition between species were tested using a multivariate
permutation analysis of variance (PERMANOVA). A Spearman Correlation was performed to test
the relation between the abundance the macroinvertebrates consumed and those available in the
environment. Results: All species mainly consumed aquatic insect, and significant interspecific
variations in diet composition were found for most of them. For five out of the seven species of fish
analyzed no significant correlation was detected between the abundance of macroinvertebrates in the
environment and in the diet. Conclusions: The results showed that most of the species segregate and
their diets are not positively correlated with the abundance of preys in the environment, indicating
that the most consumed macroinvertebrates were not the most abundant in the environment. These
results suggest that the fish species select the macroinvertebrates, and that the morphological and
behavioral characteristics of both predators and prey are important in feeding fish from streams.

Keywords: trophic segregation; macroinvertebrate availability; benthic fauna; Upper Parand River.

Resumo: Objetivo: O objetivo deste estudo foi avaliar a dieta de sete espécies de peixes
que consomem predominantemente macroinvertebrados benténicos, e a disponibilidade desses
organismos no ambiente. Foi analisada a ocorréncia de segregacio tréfica entre as espécies de peixes
e a correlagdo entre a abundincia de macroinvertebrados na dieta e no ambiente. Métodos: Peixes
e macroinvertebrados foram amostrados em trés riachos da bacia do Rio Pirapé (alto Rio Parand -
Brasil). Diferencas na composicio da dieta entre as espécies foram testadas usando uma anilise de
varidncia permutacional multivariada (PERMANOVA). Foi utilizada uma correlagio de Spearman
para testar a relagdo entre a abundancia de macroinvertebrados consumidos e os disponiveis no
ambiente. Resultados: Todas as espécies consumiram predominantemente insetos aqudticos, mas
variagbes interespecificas significativas na composiciao da dieta foram verificadas para a maioria
delas. Para cinco das sete espécies analisadas nao houve correlagio significativa entre a abundancia
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de macroinvertebrados na dieta e os disponiveis no ambiente. Conclusées: Os resultados mostraram
que houve segregacao tréfica entre a maioria das espécies, e que suas dietas nio foram correlacionadas
positivamente com a abundancia de presas no ambiente, indicando que os macroinvertebrados mais
consumidos nio foram os mais abundantes no ambiente. Estes resultados sugerem que as espécies
selecionam os macroinvertebrados e que caracteristicas morfolégicas e comportamentais de ambos
predadores e presas sio importantes na alimentagdo de peixes de riachos.

Keywords: segregacio tréfica; disponibilidade de macroinvertebrados; fauna bentdnica; Alto rio

Parana.

1. Introduction

The optimal diet of a predator is considered to
be the positive balance between the energy spent
in the search and capture of the prey and the
energy obtained in its consumption (MacArthur
& Pianka, 1966), and this concept is used in the
attempt to explain patterns in the use of food
resources. Most predators consume a variety of
prey lower than those potentially available in the
environment (Colwell & Futuyma, 1971), and
diet composition is often associated with the
abundance and nutritional quality of the prey
(Griffiths, 1975; Cantanhéde et al., 2009), and
to the morphological and behavioral traits of
predator and prey (O’Brien, 1979; Worischka et al.,
2015; Rodriguez-Lozano et al., 2016). For fish,
the predator-prey relationship, with respect to
food preference, seems to vary between species
with different feeding habits, for piscivorous and
zooplanctivorous fish, for example, the diet is
mainly associated with the abundance and size of
prey (Cantanhéde et al., 2009; Lopez Cazorla etal.,
2011). For benthivorous fish, particularly
from streams, the effect of these factors on the
predator-prey relationship is unclear, which may be
associated with the fact that these fishes dwell the
bottom, a structurally complex habitat not always
accessible to fish (Hill & Grossman, 1987) which
prevents many prey from being used by predators
(Gillette, 2012). Recent studies show that many
species that consume benthic invertebrates have
well-defined diets (Melo et al., 2004; Silva et al.,
2012; Cruzetal., 2013; Soares et al., 2017), and the
use of certain dietary resources is mainly attributed
to the trophic morphology and feeding strategies
of predators (Rolla et al., 2009; Silva et al., 2012;
Brejao et al., 2013; Neves et al., 2015).

Feeding strategies of fish that consume
benthic invertebrates in streams are complex
because, in addition to the morphological and
behavioral characteristics of predators, prey
varies in morphology, mobility and behavioral
characteristics, which makes it difficult to evaluate
the cost and benefit of selecting a particular prey
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(Gillette, 2012). Unlike fish that consume food
resources drift, which are usually visual predators,
small benthivorous fish usually feed at night and
may use other morphological features to capture
their prey (Worischka et al., 2015). The benthic
macroinvertebrates community is composed of
individuals with sessile or mobile habits, living
on submerged substrates (Uieda & Ramos,
2007) and distributed according to the physical
conditions of the environment and the availability
of food (Merritt & Cummins, 1984). Streams
have a highly-diversified macroinvertebrate fauna,
represented by several phyla, such as Arthropoda,
Mollusca, Annelida, Nematoda and Platyhelminthes
(Melo & Froehlich, 2001). Among these groups,
the class Insecta has the highest abundance and
number of species (Allan, 1995; Buckup et al.,
2007; Rezende et al., 2011).

Although several studies have been conducted
on the diet of benthivorous fish in Neotropical
streams, information on the availability of food
resources in the environment is still scarce, and
usually evaluates only one species. This study aimed
to investigate the diet of seven species of fish that
consume predominantly benthic invertebrates,
and the availability of these organisms in the
environment. Considering that differences in the
use of microhabitats, trophic morphology and
feeding strategies of benthivorous stream predators
may be responsible for the differential use of
food resources (Silva et al., 2012; Brejao et al.,
2013; Neves et al., 2015) and that these predators
consume fewer prey than potentially available in
the environment (Colwell & Futuyma, 1971),
we hypothesize that trophic segregation occurs
between benthivorous species, and we asked two
questions: (i) Is there difference in diet composition
between the species? (ii) Is there correlation between
macroinvertebrates consumed and those available
in the environment? To answer these questions, we
used data of fish and macroinvertebrates collected
in three low-order streams belonging to the Pirapé
River basin, Upper Parand River.
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2. Materials and Methods

Fish and macroinvertebrates were sampled
in three low-order streams (<3rd order -Agua
Quecaba, Remo and Zatna), located in the Pirapé
River basin - Parand State (Upper Parand River)
in the physiographic region termed the Terceiro
Planalto Paranaense (Third Plateau of Paranig;
22030’-23°30°S and 51°15°-52°15"W) with a
drainage area of ¢. 5076 km? (Cunico et al., 2012).
Rainy season commonly occur in summer (average
annual 1500 to 1600 mm), with annual average
temperatures > 20 °C. In order to characterize the
sampled streams, measurements of width, depth,
water velocity (using an electronic flowmeter),
dominant substrate of the bed, dominant riparian
vegetation and soil use (Table 1).

Fish were sampled bimonthly from July
2007 to June 2008 from three equidistant segments
of each stream. Electrofishing equipment (1 kW,
220V, 3-4 A portable AC generator) was used,
with a procedure of three successive catches with
a constant unit of effort. All specimens were
anaesthetized with eugenol and fixed in 4%
formaldehyde. Fish were identified, measured
(standard length, SL, cm) and their stomachs were
removed for analysis. Voucher specimens were
deposited in the Fish Collection of Nucleo de
Pesquisas em Limnologia, Ictiologia ¢ Aquicultura
(Nupélia), State University of Maringd (Parand
State, Brazil) (UEM, 2018). Macroinvertebrates
benthic were sampled in the same stretches in July
2007 and February 2008, using a Surber sampler
(0.09 m?) with a mesh size of 0.250 mm. In each
stretch, three samples were collected and fixed in
the field with formaldehyde 4% buffered with
calcium carbonate. The macroinvertebrates were
sorted under a stereomicroscope, identified with the
assistance of specialized literature, and counted. Taxa
with relative abundance less than 0.5% was grouped
in the category other invertebrates. The abundance
of macroinvertebrates in the environment was
expressed as number of individuals/m?.

In this study were analyzed individuals belonging
to seven fish species: Characidium aff. zebra
Eigenmann 1909 (2.7-6.5 cm; 7= 69), Cetopsorhamdia
iheringi Schubart & Gomes 1959 (3.8-9.0 cm;
n = 27), Gymnotus inaequilabiatus (Valenciennes
1836) (6.5-12.3 cmy; n = 25), Imparfinis borodini
Mees & Cala 1989 (3.2-12.5 cm; n = 12),
Imparfinis mirini Haseman 1911 (SL=2.5-7.9 cm;
n = 17), Phenacorhamdia tenebrosa (Schubart 1964)
(3.1-7.0 cm; 7 = 6) and Trichomycterus diabolus
(Bockmann, Casatti & Pinna 2004) (1.7-6.4 cm;
n = 6). For diet analysis, food items were identified
and quantified by the volumetric method using a
glass counting plate (Hellawell & Abel, 1971).

Principal Coordinates Analysis (PCoA) was
used to summarize the diet data in each stream.
Differences in diet composition among species
were tested using a multivariate permutation
analysis of variance (PERMANOVA - Anderson,
2005), which was applied to a matrix of food
items of individual fish, with volume values log
transformed. For all multivariate analyses, was used
the Bray-Curtis dissimilarity as a measure of distance
with transformed data obtained from 9999 random
permutations. All statistical analyses were conducted
in the R Programming Environment using the Vegan
package (R DEVELOPMENT CORE TEAM,
2018) A Spearman Correlation was performed
to test the relation between the abundance the
macroinvertebrates consumed and those available
in the environment. Values of p < 0.05 indicate
significant correlations. This analysis was performed
in the Statistica 7.0 software (STATSOFT, 2005).
Spearman Correlation was performed per species
and stream. The same taxonomic resolution was
used for the available and consumed preys.

3. Results

The ordination of the diet data of the individuals
collected in the Agua Quecaba stream indicated
species separation (Figure 1). The most distinct
species was C. iheringi, which consumed almost
exclusively Simuliidae larvae (94.4% of the

Table 1. Environmental characteristics at three streams of the sub-basin of the Pirapé River, upper Parand River

basin (mean values).

Agua Quegaba Remo Zauna
Width (m) 2.50 2.57 1.77
Depth (m) 0.24 0.20 0.17
Velocity (m/s) 0.22 0.20 0.16
Dominant Substrate clay/sand clay/sand clay/sand
Dominant Vegetation shrub shrub shrub

Use of the soill agriculture and pasture

agriculture and pasture agriculture and pasture
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diet - Figure 1) whose diet was significantly
different from the diet of all other species (Table 2).
G. inaequilabiatus was the only one that consumed
Tipulidae larvae (36.6%) and 7. borodini consumed
high amounts aquatic Coleoptera (59%), but both
were the only ones that consumed high amounts
of Odonata (29.0% and 24.4%, respectively
- Figure 1). Phenacorhamdia tenebrosa was
distinct from the other species and its diet was
composed mainly of Trichoptera larvae (59% of
the diet — Figure 1). The diet of 1. mirini differed
significantly from all other species, a result of the
high consumption of Isoptera, which represented
32% of the diet (Figure 1). According to the
ordination analysis, the diet of C. zebraz, composed
mainly of Trichoptera (37%), Chironomidae (29%)
and Ephemeroptera (16%) was grouped with other

04
m]
2 &
0.2 s+ .
Hy + B * O
% K 1B
N 00 L etFen & ¥ IM
< St 3 .
o ‘:’4— a PT
5] )
a 02 "
_04 :. ¢ *e
%
06 s
08 06 04 02 00 02 04 06 08
PCoA 1
100
b CJcl
80 B Gl
Y %3 1B
5;-; 60 B IM
g NPT
2 40
i |
20 |
i
0 { i il l a
EEESE 5=388808

Diet composition

Figure 1. Diet data ordination (using the first
two axes of PCoA, that explained 29% of the data
variance) (a), and diet composition (b) of fish species
sampled in the Agua Quegaba stream. CZ= C. zebra;
Cl= C. iheringi; G1=G. inaequilabiatus; 1B= I. borodini;
IM= L mirini; PT= P tenebrosa; Chi= Chironomidae;
Cer= Ceratopogonidae; Emp= Empididae;
Sim= Simuliidae; Psy= Psychodidae; Tip= Tipulidae;
Eph= Ephemeroptera; Tri= Trichoptera; Aco= aquatic
Coleoptera; Tco= terrestrial Coleoptera; Lep= aquatic
Lepidoptera; Odo= Odonata; Oli= Oligochaeta;
Ost= Ostracoda; Hem= Hemiptera; Iso= Isopoda;
Ara= Araneae; Des= detritus/sediment; Apl= aquatic
plants.
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species. PERMANOVA showed that of the 15 pairs
of species tested in the Agua Quegaba, 12 presented
significant differences in the diet (Table 2).

The results of the ordination analysis of the three
species in the Remo stream showed the separation
of G. inaequilabiatus from the other species, a result
of the high consumption of Odonata (54% of the
diet) (Figure 2). There was an overlap in the diet of
C. zebra and T. diabolus, which consumed similar
proportions of Ephemeroptera, Trichoptera and
Chironomidae (Figure 2). PERMANOVA indicated
that the diet of G. inaequilabiatus was significantly
different from that of the other two species, whereas
there was no significant difference between C. zebra
and 7 diabolus (Table 2).

In the Zatina stream, the ordination of the diet
data showed the separation of the three species
and separation between the individuals of C. zebra
(Figure 3). The most consumed item by C. iheringi
was Simuliidae (36% of the diet), by L borodini
Odonata (51%), and by C. zebra Amphipoda
(42%) and Trichoptera larvae (26%) (Figure 3).

Table 2. Results of permutational multivariate analysis
of variance (PERMANOVA) applied to diet data of fish
species sampled in three streams located in the Pirapé
River basin (Upper Parand River, Brazil).

Stream/Species PERMANOVA
< Pseudo- F, ., = 5.04;
Agua Quecgaba p= 0.1b6(3)1
C. zebra x C. iheringi p <0.001
C. zebra x G. inaequilabiatus p <0.001
C. zebra x . mirini p=0.04
C. zebra x P. tenebrosa p=0.164
C. zebra x I. mirini p=0.085
C. iheringi x G. inaequilabiatus p <0.001
C. iheringi x I. borodini p <0.001
C. iheringi x P. tenebrosa p <0.001
C. iheringi x 1. borodini p =0.002
G. inaequilabiatus x I. mirini p <0.001
G. inaquilabiatus x P. tenebrosa p <0.001
G. inaequilabiatus x I. borodini p =044
. mirini x P. tenebrosa p <0.01
1. mirini x 1. borodini p <0.01
P. tenebrosa x I. borodini p =0.021
Remo Pseu;k;— :10 3090=2 5.75;
C. zebra x G. inaequilabiatus p =0.002
C. zebra x T. diabolus p =0.824
G. inaequilabiatus x T. diabolus p =0.004
Zatna Pseu;lo=- (,):16 (5)70=2 6.70;
C. zebra x C. iheringi p =0.002
C. zebra x I. borodini p =0.002
C. iheringi x 1. borodini p =0.002
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PERMANOVA evidenced a significant difference
between the three species analyzed (Table 2).

A total of 7,163 macroinvertebrates individuals
were collected in Agua Quegaba stream, belonging
to 21 taxa, the most abundant were Chironomidae,
Ephemeroptera, Trichoptera, Oligochaeta and
Coleoptera, which together represented 82% of
the collected individuals (Figure 4a). Twenty-six
taxa were recorded in the Remo stream, totaling
4,300 individuals, with Chironomidae, Ostracoda,
Coleoptera, Ephemeroptera and Oligochaeta
accounting for 80% of the individuals sampled
(Figure 4b). A total of 5,849 macroinvertebrates
individuals were collected in Zadna stream,
belonging to 20 taxa, with an expressive abundance of
Ephemeroptera (36.37%), followed by Coleoptera,
Ostracoda and Trichoptera (Figure 4c).
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Figure 2. Diet data ordination (using the first two axes
of PCoA, that explained 42% of the data variance)
(a) and diet composition (b) of fish species sampled in
the Remo stream. CZ= C. zebra; Gl= G. inaequilabiatus;
TD= T. diabolus; Chi=
Cer= Ceratopogonidae; Emp= Empididae;
Sim= Simuliidae; Psy= Psychodidae; Tip= Tipulidae;
Mus= Muscidae; Eph= Ephemeroptera; Tri= Trichoptera;
Aco= aquatic Coleoptera; Tco= terrestrial Coleoptera;
Lep= aquatic Lepidoptera; Odo= Odonata;
Amp= Amphipoda; Ost= Ostracoda; Ara= Araneae;
Des= detritus/sediment; Apl= aquatic plants.

Chironomidae;
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Significant positive correlations between
the abundance of macroinvertebrates in the
environment and in the diet were detected only for
C. zebra and P tenebrosa in all the streams where
these species occurred (Table 3). In addition, this
species consumed a high amount of Amphipoda
in the Zatna stream (Figure 3b), a crustacean
whose abundance was expressive only in this stream
(Figure 4c¢). The correlation between the abundance
of macroinvertebrates in the environment and
the diet of P renebrosa was recorded mainly for
Trichoptera, the item most consumed by this
species (Figure 1a) and one of the most abundant
in the Agua Quegaba stream, where the species
occurred (Figure 4a). However, for most species
(C. iheringi, 1. borodini, I. mirini, G. inaequilabiatus
and 7. diabolus) no significant correlation was

observed (Table 3).
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Figure 3. Diet data ordination (using the first two axes of
PCoA that explained 34% of the data variance) (a) and
diet composition (b) of fish species sampled in the Zatina
stream. CZ= C. zebra; Cl= C. iheringi; 1B= 1. borodini;
Chi= Chironomidae; Emp= Empididae; Sim= Simuliidae;
Mus= Muscidae; Eph= Ephemeroptera; Tri= Trichoptera;
Aco= Aquatic Coleoptera; Tco= terrestrial Coleoptera;
Lep = aquatic Lepidoptera; Tle= terrestrial Lepidoptera;
Ple= Plecoptera; Odo= Odonata; Oli= Oligochaeta;
Amp = Amphipoda; Ost = Ostracoda; Hom= Homoptera;
Hym= Hymenoptera; Des= detritus/sediment;
Apl= aquatic plants.
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Figure 4. Relative abundance of aquatic macroinvertebrates sampled in Agua Quegaba stream (a), Remo stream (b) and
Zatna stream (c). Chi= Chironomidae; Cer= Ceratopogonidae; Sim= Simuliidae; Dip= Diptera; Eph= Ephemeroptera;
Tri= Trichoptera; Col= Coleoptera; Ple= Plecoptera; Odo= Odonata; Oli= Oligochaeta; Ost= Ostracoda; Amp=
Amphipoda; Biv= Bivalvia; Pro= Prostigmata; Tur= Turbellaria; Cla= Cladocera; Gas= Gastropoda; Oth= others

invertebrates.

Table 3. Results of Spearman correlation (R) between
abundance of prey in the environment and diet of fish
species sampled in three streams located in the Pirapé
River sub-basin (Parand River, Brazil).

Stream/Species

Agua Quecgaba R P

C. zebra 0.68 0.01*
C. iheringi 0.26 0.42
G. inaequilabiatus 0.09 0.73
I. borodini 0.25 0.42
1. mirini 0.55 0.07
P. tenebrosa 0.62 0.04*

Remo
C. zebra 0.69 0.01*
G. inaequilabiatus 0.05 0.85
T. diabolus 0.38 0.19

Zauna
C. zebra 0.63 0.01*
C. iheringi 0.45 0.14
I. borodini 0.42 0.14

*Significant correlation.

4. Discussion

The seven species analyzed mainly consumed
aquatic macroinvertebrates represented basically by
immature forms of insects, which is associated to the
high abundance and richness of these organisms in
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the studied streams and observed in others studies
(Allan, 1995; Buckup et al., 2007; Rezende et al.,
2011; Cunha et al., 2014). Although all species
have consumed insects, interspecific differences in
diet were recorded for most of them, evidencing
the trophic segregation and the differential use of
the available resources in the environment. The use
of several sites to evaluate the diet of the species
increases the variation of the available food items
allowing the identification of food preferences
(Asanka et al., 2015). In this context, our results
showed that for most of the studied species the
main food items were in general the same in the
streams where they occurred, suggesting that the
species have preference for some macroinvertebrates
regardless of the studied stream. The lack of
correlation between the abundance of prey in the
diet and in the environment, for five of the seven
species studied, reinforces the hypothesis that these
predators have a food preference, which depends
largely on the morphological and behavioral
traits of both predator and prey (O’Brien, 1979;
Worischka et al., 2015; Rodriguez-Lozano et al.,
2016).

The food preference of G. inaequilabiatus and
L borodini was Odonata larvae, which was not
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abundant in the environment, is probably associated
with the behavior of these predators and its prey.
Souzaetal. (2015) evaluated the influence of habitat
structuring on the distribution of Odonata in several
Neotropical streams, including the streams studied
here. These authors observed that the occurrence
of some species was associated with microhabitats
with greater leaf biomass in the substrate, used as
a local of refuge and larval development (Merritt
& Cummins, 1984). This should make it difficult
to consume these preys, and only predators with
feeding strategies capable of detecting these preys
can be successful. This appears to be the case of
G. inaequilabiatus, a representative of the order
Gymnotifomes characterized by fish that capture
their prey near the substrate using electrical
sensory organs to detect them (Brejao etal., 2013).
This association can also be made for . borodini,
because species of the genus Imparfinis speculate the
substrate and use the sensory function of the head
barbels to find and capture the preys (Casatti, 2002;
Casatti & Castro, 2006)

Cetopsorhamdia iheringi mainly consumed
Simuliidae larvae, although these invertebrates
did not show high availability in the environment.
The low abundance of Simuliidae in the samplings
may be because these invertebrates have structures
in the abdomen that allow their attachment to
several substrates, mainly rocks (McCafferty, 1981;
Thorp & Covich, 2010), which probably hindered
their sampling. However, water flow can displace
the larvae causing them to drift (Elliott, 2008), as
observed by Gimenez et al. (2015), which recorded
high density of these larvae drifting in Neotropical
streams. Thus, the high consumption of Simuliidae
may be associated to the fact that these larvae are
attached to rocks, and because C. iberingi presents
slender body, well developed sensory barbels and
dorsal eyes, characteristics that help the exploration
of small spaces between the bottom rocks (Casatti &
Castro, 20006), facilitating the detection and capture
of these larvae.

Larvae of Chironomidae, Trichoptera and
Ephemeroptera were recorded in the diet of all
species in all streams, and were important for
four of them in different proportions, resulting in
interspecific differences. These insects, in general,
were the most abundant in the streams studied
here, as well as in other streams where they had
high abundances in the substrate and drifting
(Bagatini et al., 2012; Gimenez et al., 2015).
Trichoptera and Ephemeroptera were the items
most consumed by . mirini, and also the most

Acta Limnologica Brasiliensia, 2019, vol. 31, €7

abundant in the environment which make them
easily captured prey, mainly by species of the
genus Imparfinis, considered speculators of the
substrate, since they use the head barbels to find
and capture the prey in the substrate (Casatti &
Castro, 20006); Isopoda was also a resource explored
by 1. mirini, being important only for this species.
The terrestrial origin of this resource (Isopoda)
suggests that this species uses, in addition to benthic
macroinvertebrates, food resources drifting.

Chironomidae larva was the macroinvertebrate
most consumed by 7. diabolus and also the most
abundant in the Remo stream, where the species
occurred. In many streams, these larvae have been
recorded among the most abundant (Chard et al.,
2006; Bagatini et al., 2012), and several species of
Trichomycterus presented a high correlation between
consumption of Chironomidae larvae and their
abundance in the environment (Chari et al., 2006),
which is probably associated with the high protein
value and digestibility of these macroinvertebrates
(Armitage et al., 1995). Species of the genus
Trichomycterus are considered nocturnal predators
that swim rapidly looking for small prey near the
bottom, and during the day they remain buried in
the substrate, usually muddy or sandy (Chard et al.,
2006; Brejao et al., 2013). This behavior may have
facilitated the consumption of Chironomidae
larvae by 7. diabolus, once these macroinvertebrates
prefer fine substrates, such as sand and mud
(Chard et al., 2006). Nonetheless, there was no
correlation between prey abundance in the diet of
1. diabolus and in the environment, probably due
to the important consumption of Ephemeroptera
and Trichoptera, less abundant invertebrates in the
Remo.

Unlike the species described above, C. zebra
and P tenebrosa showed a positive correlation
between the abundance of prey in the diet and
in the environment, indicating that the resources
most consumed by these species were also the
most abundant in the environment. For C. zebra,
Ephemeroptera, Chironomidae and Trichoptera
were the most important food items and also
abundant in streams; however, in the Zatna stream,
the diet was mainly composed of Amphipoda, where
there was the greatest abundance of this crustacean.
Bastos et al. (2013) also found Amphipoda as an
important food item for Characidium rachovii. These
crustaceans are associated with habitats with higher
water flow (Moya et al., 2009), as well as some
Ephemeroptera and Trichoptera (Baptista et al.,
2001).The fact that Characidium has a fusiform



Guglielmetti, R. et al.

body and pectoral and pelvic fins enlarged in
the ventral position allows individuals to remain
close to the substrate resisting the flow of water
(Aranha et al., 2000), and to quickly attack nearby
prey (Brejao et al., 2013), which may facilitate
the capture of macroinvertebrates colonizing
environments with higher flow, such as Amphipoda.

Although several species have consumed
Trichoptera, only the diet of P tenebrosa was
dominated by these macroinvertebrates, which were
abundant in the sites where the species occurred,
and are considered easy-capture prey due to the low
mobility (Téfoli et al., 2013). Little information
is available for the genus Phenacorhamdia; Casatti
(2002) classified 2 hohenei as a substrate-speculating
nocturnal species, which has as its preferential
substrate rocky and macrophyte roots, and Ferreira
(2007) showed that P tenebrosa consumes aquatic
invertebrates, and its preferential habitat is rocky
bottom with high current flow.

Our results showed that all the analyzed species
fed on benthic macroinvertebrates, nevertheless,
interspecific differences in diet composition were
found for most species. For example, the food items
most consumed by G. inaequilabiatus, C. iheringi,
T diabolus and P tenebrosa were aquatic insects
represented by Odonata, Simuliidae, Chironomidae
and Trichoptera, respectively, indicating the
occurrence of trophic segregation between them.
Moreover, for five of the seven species analyzed,
the abundance of prey in the diet was not positively
correlated with the abundance of prey in the
environment, evidencing the importance of the
morphological and behavioral characteristics of
both predators and prey in feeding Neotropical
stream fish.
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