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Abstract Sampling benthic macroinvertebrates in

large rivers has several limitations, arising not

only from the selectivity of traditional sampling

gears but also from difficulty in capturing organisms

that inhabit the deeper zones and high current

velocities. Considering the importance of benthic

macroinvertebrates as a food resource for fishes, the

sampling restrictions in sediment collection done by

dredges, and the importance of surveying benthos

biodiversity, the objective of this study was to

evaluate the stomach contents of five commonly-

occurring invertivorous fish species as a means of

complementing a benthic macroinvertebrate inven-

tory. Three sampling campaigns (fish and benthic

macroinvertebrate) were conducted in a reach of the

Araguari River (Minas Gerais, Brazil), approximately

9 km long and 90 m wide. Astyanax altiparanae

Garutti & Britski 2000, Leporinus friderici (Bloch

1794), Leporinus amblyrhynchus Garavello & Britski

1987, Iheringichthys labrosus (Lütken 1874) and

Pimelodus maculatus Lacepède 1803 were the fish

species collected and studied. To determine benthic

macroinvertebrate taxonomic richness, a total of 54

Van Veen sediment samples were obtained. We

compared lists of the benthic taxa found in fish

stomachs with those from the sediment samples.

The differences in the taxonomic composition of the

benthic macroinvertebrate communities between the

sediment samples and each fish species stomachs

contents were assessed through NMDS and ANOSIM

analyses, using a Sorensen similarity index with the

presence/absence of taxa data. Independent of sam-

pling period, additional benthic macroinvertebrate

families or classes were provided by identifying fish

stomach contents. We found a total of 30 taxa in this

study, including 5 unique taxa (or 17% of the total) in

the sediment samples, 9 unique taxa (30%) in the
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stomach samples, and 16 taxa (53%) common to

both. The NMDS and ANOSIM analyses showed a

significant separation between Van Veen sediment

samples and two fish species stomach contents—

L. amblyrhynchus and P. maculatus. These results

indicate that fish can be used as additional samplers

and are an efficient method to complement the

benthic taxonomic inventory obtained through tradi-

tional sediment sampling techniques in large areas, as

river segments and catchments.

Keywords Stomach contents � Samplers �
Benthos � Large rivers � Trophic interactions

Introduction

Benthic macroinvertebrate sampling techniques are

highly varied. In each type of aquatic habitat, differing

methods are used because of differing depths, sediment

textures, currents, and spatial heterogeneities of the area

(Alves & Strixino, 2003; Blockson & Flotemersch,

2005; Kikuchi et al., 2006). In large rivers, Surber

samplers or dredges (i.e., Eckman-Birge, Van Veen,

Petersen, etc.) are commonly used (Bournaud et al.,

1998; Rempel et al., 2000; Gayraud et al., 2003; Moreno

et al., 2009), and because the sampling area is known,

such methods aid quantitative analysis of benthic

macroinvertebrate communities (Bady et al., 2005).

Comprehensive quantitative samples require

substantial time and funds to obtain and identify

(Rosenberg et al., 1997; Bartsch et al., 1998). Also,

such samples are performed in specific habitats and as

a consequence, some of the benthos unique to other

habitats are not adequately sampled (Lenat, 1988).

These limitations often occur in large rivers where

sampling of benthic macroinvertebrates is concen-

trated in shallow areas near river margins (Reece &

Richardson, 2000). Sampling in the deeper zones or

areas of strong current normally is not conducted

because of access and safety concerns for the sampling

crew, and the need to use equipment such as suction

pumps and SCUBA divers (Rosenberg et al., 1997) or

artificial substrates that require multiple site visits

(Humphries et al., 1998; Collier et al., 2009).

Depending on the purpose of the research, qual-

itative samples are sufficient. This is the case for

water quality biomonitoring programs that convert

data to a biotic index score to determine assemblage

condition at a site (Junqueira et al., 2000; Karr &

Chu, 2000; Buss & Borges, 2008) or for taxonomic

inventories that seek to provide a list of common

species in a specific area (Mackey et al., 1984).

Recent studies have shown that analysis of stomach

contents of benthophagous fishes can be an important

strategy in taxonomic surveys (Russo et al., 2002;

Tupinambás et al., 2007; Santos et al., 2009) because

fish exploit a wide variety of microhabitats and

capture macroinvertebrates in areas that are difficult

to sample with conventional gears. Their feeding

behaviors may make fish useful complementary

benthos samplers (Callisto et al., 2002; Galina &

Hahn, 2004).

To evaluate the importance of fish stomach

analyses for taxonomic inventories of benthic macr-

oinvertebrate communities, we analyzed stomach

contents of five common invertivorous species

(Durães et al., 2001; Callisto et al., 2002): Astyanax

altiparanae Garutti & Britski 2000, Leporinus frid-

erici (Bloch 1794), Leporinus amblyrhynchus Garav-

ello & Britski 1987, Iheringichthys labrosus (Lütken

1874) and Pimelodus maculatus Lacepède 1803. We

hypothesized that benthic macroinvertebrate families

and classes (operational taxonomic units, OTU)

found in fish stomachs would differ from those found

in sediment samples because of fish foraging strate-

gies. In addition, we evaluated whether fish stomach-

content analysis could effectively complement taxo-

nomic surveys conducted with conventional benthos

sampling gears.

Materials and methods

We conducted the study in a reach of the Araguari

River (Brazil) between 18�200S–46�000W and

20�10’S–48�50’W. The reach was 9 km long and

approximately 90 m wide, drains mainly sandstone

and basalt lithology, and in its deepest valley erodes

granite and gneiss (Rodrigues, 2002). The local

climate is characterized by a rainy period from

October to March and a dry period from May to

September. The average annual temperature is 22�C

with a total rainfall of 1,555 mm/year (Rosa et al.,

2006). In general, the river water is well oxygenated,

slightly acidic, and low in electrical conductivity,

turbidity, and total dissolved nutrients (Maroneze

et al., 2011).

Hydrobiologia

123



We sampled in July 2005, October 2005, and June

2008 at six sites along the 9-km reach averaging

1.5 km apart. Fishes were caught in 10 m 9 1.7 m

gill nets with mesh sizes 3, 4, 5, 6, 7, 8, 10, 12, 14,

and 16 cm between opposite knots. At each site, we

fished a total of 170 m2 of gill nets from dusk to the

following morning for approximately 14 h. The

collected fish were fixed with 10% formalin. In the

laboratory, the fish were soaked in water, transferred

to alcohol 70o GL, identified, weighed, and measured.

The number of stomachs removed and evaluated

varied between species, size, and month (Table 1).

The standard length (cm) of the smallest sampled fish

in advanced maturation was used to separate the

juveniles from adults (Vono et al., 2002; Froese &

Pauly, 2010). Empty stomachs were excluded from

analysis.

To evaluate the composition of benthic macroin-

vertebrate communities, we took three Van Veen

(0.45 m2) sediment samples from the river margins in

each of the fish sampling stations. The material was

only collected along the margins because of the rocky

nature of the central axis of the river. A total of 54

Van Veen sample units were obtained (6 sites 9 3

samples/site 9 3 visits/site). In the laboratory, we

washed the sediment samples through sieves (1.00-

and 0.50-mm mesh) and identified all specimens to

family or class (OTU) through the use of a stereo-

microscope, and according to Perez (1988) and Costa

et al. (2006). The individuals identified were arthro-

pods and annelids with a head or soft-part mollusks.

Empty shells, eggs, exoskeletons, pupae, and other

fragments of macroinvertebrates were not considered.

We used the same procedure to evaluate and identify

the organisms present in fish stomach contents. We

compared lists of the benthic OTU found in fish

stomachs with those from the sediment samples. To

eliminate the influence of the unequal number of

stomachs analyzed and to determine which fish

species contributed most to the inventory, we also

calculated the average number of exclusive taxa per

stomach (NT) through use of the following formula:

NT ¼ nx
Nx, where nx is the number of taxa found in the

stomach contents of species x and not found in the

sediment samples, and Nx is the number of stomachs

of species x analyzed. The greater the value of NT,

the greater the contribution of that fish species toward

adding benthic OTU to the inventory.

The differences in the taxonomic composition of

the benthic macroinvertebrate communities between

the sediment samples and each fish species stomachs

contents were assessed through a non-metric dimen-

sional scaling (NMDS) ordination technique, using a

Sorensen similarity index with the presence/absence

of taxa data. The statistical significance of the group-

ings (sediment samples vs. fish stomachs contents)

were tested through similarity analysis (ANOSIM)

(a = 0.05). The ANOSIM provides a value for

interpretation where R [ 0.25 indicates separated

groups (Clarke & Green, 1988; Michelland et al.

2010). A randomization process using Monte Carlo

testing with 10,000 interactions was conducted to

validate the R values observed. A value of P \ 0.05

indicated that the R value observed was not randomly

obtained. Analyses of NMDS and ANOSIM were

performed using PRIMER 6.0 software.

Table 1 Number of stomachs analyzed for each fish species sampled downstream of the Amador Aguiar I Dam (Araguari River,

Minas Gerais, Brazil)

Family/species Jul/05 Oct/05 Jun/08 Total

Juveniles Adults Juveniles Adults Juveniles Adults

Characidae

Astyanax altiparanae – 15 – 11 5 30 61

Anostomidae

Leporinus amblyrhynchus 3 2 3 9 1 1 19

Leporinus friderici 3 3 1 7 14 1 29

Pimelodidae

Iheringichthys labrosus – 4 – 3 – 8 15

Pimelodus maculatus 12 1 2 7 8 1 31

Total 43 43 69 155
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Results

In total, 30 operational taxonomic units (OTU) of

benthic macroinvertebrates were identified in this

study. The organisms included Mollusca (Bivalvia,

Gastropoda), Annelida (Oligochaeta, Hirudinea), and

Arthropoda (Collembola, Hydracarina, Insecta),

including 24 Insecta families (Table 2). We found

21 OTU in the sediment samples: 15 in July 2005, 11

in October 2005, and 15 in June 2008. In the 155 fish

stomachs examined, we found 26 OTU: 14 in July

2005, 19 in October 2005, and 14 in June 2008. The

fish stomach contents added to the richness of the

sediment samples by 5 OTU in July 2005, 10 OTU in

October 2005, and 5 OTU in June 2008.

Leporinus amblyrhynchus, Iheringichthys labro-

sus, and Pimelodus maculatus consumed the greatest

variety of benthic macroinvertebrates, with 8, 7 and 6

OTU identified in their stomachs in July 2005; 15, 7

and 10 OTU in October 2005; and 6, 6 and 6 OTU in

June 2008, respectively (Table 2). In terms of adding

OTU to those already found in the sediment samples,

L. amblyrhynchus was the most important, adding 7

OTU to the October 2005 samples. Both I. labrosus

and P. maculatus added at least 1 OTU per sampling

period. In July 2005, no benthic macroinvertebrates

were identified in Astyanax altiparanae and Lepori-

nus friderici stomachs. However, in October 2005,

Simuliidae were found only in A. altiparanae, and in

June 2008, Leptoceridae were found only in L.

friderici. A similar pattern was observed when the

effects of uneven samples, resulting from different

numbers of analyzed stomachs, were removed. In this

case, L. amblyrhynchus, I. labrosus, and P. maculatus

contained the greatest average number of exclusive

OTU per stomach (NT) (Table 3) and, therefore,

contributed most to the taxonomic survey.

The NMDS and similarity analyses showed a

significant separation between Van Veen sediment

samples and two fish species stomachs contents. This

distinction was observed for L. amblyrhynchus

(ANOSIM; R = 0.61; P \ 0.01) (Fig. 1A) and

P. maculatus (ANOSIM; R = 0.47; P \ 0.01)

(Fig. 1B). Although I. labrosus added at least one

OTU per sampling period, in general, the composition

of benthic macroinvertebrates communities found in

their stomachs was quite similar to that identified in

sediment samples (ANOSIM; P [ 0.05) (Fig. 1C). We

evaluated the most stomachs from A. altiparanae and

L. friderici (Table 1); however, a few contained at least

a single benthic organism (5 and 27%, respectively),

precluding statistical analysis. Seeds and fruits were

the main food items identified in the stomachs of those

two species.

Considering the total of 30 OTU collected in the

three sampling campaigns (July 2005, October 2005,

and June 2008), we found 5 unique OTU (or 17% of

the total) in the sediment samples (Hirudinea, Coen-

agrionidae, Veliidae, Odontoceridae, and Dolichopo-

didae), 9 unique OTU (30%) in the stomach s

amples (Collembola, Polymitarcyidae, Glossosomati-

dae, Helicopsychidae, Leptoceridae, Philopotamidae,

Corydalidae, Empididae, and Simuliidae), and 16

OTU (53%) common to both (Bivalvia, Gastropoda,

Oligochaeta, Hydracarina, Baetidae, Leptohyphidae,

Leptophlebiidae, Gomphidae, Libellulidae, Elmidae,

Hydropsychidae, Hydroptilidae, Polycentropodidae,

Ceratopogonidae, Chironomidae, and Tipulidae).

Discussion

Benthic macroinvertebrates are common in the diet of

many freshwater fish species (Gerking, 1994; Russo

et al., 2002; Hahn & Fugi, 2007; Pinto & Uieda, 2007).

In the present study, Leporinus amblyrhynchus,

I. labrosus, and P. maculatus stomachs contained the

greatest OTU richness, and their diverse diets based

mainly on insect larvae have been reported by others

(Durães et al., 2001; Callisto et al., 2002; Andrade &

Braga, 2005; Fagundes et al., 2008). Chironomidae

larvae were the most commonly occurring benthic

macroinvertebrates in the fish stomachs, especially in

L. amblyrhynchus and I. labrosus—in which they were

present in 100% of stomachs analyzed. The high

consumption of Chironomidae is common among fish

because these insects are very abundant and available

in freshwater (Mendonça et al., 2004). Moreover,

Armitage (1995) suggested that the preference of

bottom-feeding fish for Chironomidae larvae and

pupae as a food source may be related to their high

protein content and high digestibility.

Similar to our results, other taxonomic groups (no

Chironomidae) have also been identified as food

items. Ceratopogonidae, Simuliidae, and Empididae

are abundant in L. amblyrhynchus stomachs as

reported by Durães et al. (2001) and Mendonça

et al. (2004). Gastropoda, Gomphidae, Libellulidae,
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Polymitarcyidae, Leptohyphidae, Odontoceridae, and

Polycentropodidae have been observed in the stom-

achs of I. labrosus (Abes et al., 2001; Teixeira &

Bennemann, 2007; Fagundes et al., 2008). Bivalvia,

Hirudinea, Oligochaeta, Culicidae, and Chaoboridae

have been observed in the stomachs of P. maculatus

(Lolis & Andrian, 1996; Lima-Júnior & Goitein,

2004; Andrade & Braga, 2005; Silva et al., 2007)

(Appendix A—Supplementary Material).

Three of the sampled fish species have morpholog-

ical characteristics that aid obtaining food from the

bottom. The relatively large eyes of L. amblyrhyn-

chus aid its perception of aquatic larval movement

(Mendonça et al., 2004). The gill raker spacing of

I. labrosus facilitate separating prey from detritus (Fugi

et al., 2001). The maxillary barbells of P. maculatus

have a great number of cutaneous taste buds (Rotta,

2003) which aid it in detecting prey in the sediment

(Lima-Júnior & Goitein, 2003). Neither A. altiparanae

nor L. friderici are specialized to prey on benthic

macroinvertebrates (Gomiero & Braga, 2003; Melo &

Röpke, 2004; Bennemann et al., 2005), instead they

appear to be generalist and opportunistic feeders,

consuming several items from the water column

(Casatti, 2002; Melo & Röpke, 2004). Therefore,

drifting organisms may be captured.

Although an abundant food item found in fish

stomachs may merely reflect prey availability (Gee,

1989), several fish species consume insects groups

that are not sampled by gears or are less frequent in

the substrate. This pattern was observed in temperate

(Howe et al., 2008) and tropical (Pinto & Uieda,

2007) ecosystems. Theoretically, if a fish species

shows a high selectivity for some benthic macroin-

vertebrate taxa (e.g. Ephemeroptera, Diptera, or

Odonata), then it could be used as a specific-taxa

sampler. However, further investigations are neces-

sary to demonstrate such selectivity. Strauss (1979)

mentioned two serious problems that should be

overcome in food selection studies: 1. obtain an

unbiased sample from the habitat that accurately

represents the relative abundances of the various

potential prey as they are encountered by the

predator, and 2. obtain an unbiased sample that

accurately represents the relative abundances of the

prey as they are consumed; otherwise, the results are

not reliable.

We found 9 OTU (30% of the total) exclusively in

fish stomachs. Van Veen sediment samples and twoT
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fish species stomach contents represented distinct

groups, indicating that taxonomic composition of the

benthic macroinvertebrate communities in the sam-

ples collected by these two methods differed. This

distinction was observed for L. amblyrhynchus and

P. maculatus indicating that both species demonstrate

high potential to be used as complementary samplers

of benthic macroinvertebrates. Similar to this study,

Callisto et al. (2002) identified 21 genera of Chiro-

nomidae in the stomachs of L. amblyrhynchus and

P. maculatus near Miranda Reservoir, also Rio

Araguari, noting that only 5 of them (25% of the

total) were present in sediment samples. Many large

rivers have abundant habitats that support distinct

benthic macroinvertebrate assemblages (Collier et al.,

2009). High-velocity areas with rocky substrates are

colonized by organisms with morphological adapta-

tions (i.e., dorsally flattened bodies) for attachment

and current resistance (Merritt & Cummins, 1996).

Low-velocity areas with sandy substrates are colo-

nized by burrowing species (Baptista et al., 2001).

For these heterogeneous rivers, with non-uniform

distribution of species among sites, an intensive

sampling effort that covers all habitat diversity (e.g.,

riffles, pools, woody debris, and macrophytes) is

required to accurately measure species richness

(Flotemersch et al., 2010).

Despite the scarcity of data concerning the forag-

ing strategies of L. amblyrhynchus, P. maculatus, and

I. labrosus, it is reasonable to assume that commonly

occurring benthophagous fishes feed in different

microhabitats (Casatti, 2002). In other words, they

present distinct feeding tactics (Vidotto-Magnoni &

Carvalho, 2009). In a Neotropical stream, Casatti

(2002) observed that Rhamdia quelen searches for

invertebrates in deep crevices between rocks without

stirring the substrate, whereas Corydoras aeneus

forages in shallow margins where it stirs the sandy

sediment and captures prey organisms by suction.

Vidotto-Magnoni & Carvalho (2009) reported that

surface feeders capture large amounts of Epheme-

roptera sub-imagos, probably during emergence.

Other benthophagous taxa, such as Trichomycterus,

live in interstices between coarse gravel (Chara et al.,

2006), rocks (Barreto & Aranha, 2005), or leaf packs

(Abilhoa et al., 2008). Such locations are also the

habitats of most benthic macroinvertebrates (Russo

et al., 2002). In taxonomic inventories, it is advan-

tageous to use sampling techniques which provide a

larger list of benthic macroinvertebrate taxa. The data

presented in this study suggest that the stomach

analysis of fish species with different foraging

strategies is a proper way to achieve this aim.

In England, Webster & Hart (2004) demonstrated

that after a 24-h period without food, Gasterosteus

aculeatus individuals foraged preferentially in com-

plex substrates (5–20 mm gravel) versus simple ones

(sandy particles smaller than 2 mm). According to

those authors, a predator optimizes its energy gains

by foraging in patches where there are the maximum

of predator–prey encounter rates. This species pre-

sumably associates complex substrates with poten-

tially higher prey density and diversity. Based on

previous foraging experience, individuals have the

ability to learn and to discriminate foraging habitats

with different prey densities (Webster & Hart, 2006).

Considering that riverine habitat is heterogeneous,

with discontinuously distributed benthic organisms

among substrate types (e.g., sand, clay, gravel,

stones, and litter patches) (Ligeiro et al., 2010), the

ability to recall experiences and recognize areas

based on their food productivity is an important

evolutionary advantage to a foraging fish (Webster &

Hart, 2004). Thus, fish may explore biologically

richest habitats that a priori are unknown by the

human sampling crew.

In Brazil, experimental tests also revealed that

species of Anostomidae (Leporinus reinhardti) and

Table 3 Average number of exclusive operational taxonomic units (OTU) per stomach for each fish species sampled downstream of

the Amador Aguiar I Dam (Araguari River, Minas Gerais, Brazil)

Sampling set Fish species

A. altiparanae L. friderici L. amblyrhynchus I. labrosus P. maculatus

July 2005 0 0 0.60 0.25 0.15

October 2005 0.18 0 0.87 0.66 0.55

June 2008 0 0.06 1.50 0.12 0.22
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Pimelodidae (P. maculatus) are strong swimmers

and, therefore, in a position to occupy habitats

with high current velocities (Santos et al., 2007,

2008). Theoretically, all these characteristics of

benthophagous fishes (e.g., trophic morphology,

foraging modes, feeding habitat preferences, learn-

ing ability, and swimming performance) aid inver-

tebrate capture in areas that are more difficult

than others for humans to sample in large rivers

(e.g., deep and swiftly-moving waters snags, and

aquatic macrophytes). Commonly, such environments

are characterized by distinct benthos assemblages

(Cremona et al., 2008, 2009). Considering that lotic

ecosystems can be studied on several spatial scales,

from centimeters to kilometers, we emphasize that this

sampling technique is particularly useful to comple-

ment biodiversity inventories in large areas as river

segments and catchments. At smaller spatial scales

(single habitats), punctual Van Veen sediment samples

can be more appropriate since benthofagous fishes

search for preys in a wide number of habitats which can

be different from the areas where they are captured by

gill nets.

It is noteworthy that this study used two levels

of taxonomic resolution (Class or Family) and is a

qualitative survey (presence/absence). Family identi-

fication appears to be adequate for bio-assessments

and reduces taxonomic identification effort (Melo,

2005; Corbi & Trivinho-Strixino, 2006). In Brazil,

species-level identification is difficult because the

taxonomic knowledge of several benthic macroinver-

tebrate groups is still incomplete (Buss & Vitorino,

2010). We did not account for and did not compare

the number of benthic individuals in both types of

samples because our purpose was to evaluate stomach

contents of fish species as a means of complementing

a traditional, qualitative benthic macroinvertebrate

survey (obtained by Van Veen grab). However, we

recognize that when comparing two sampling meth-

ods, it is important to assess which is the most

efficient. To do this, future studies must evaluate

richness relative to sampling effort. Various research-

ers have proved that species richness is strongly

dependent on sample size and, therefore, approaches

which compare different sample units may produce

unreliable conclusions (Li et al., 2001; Cao et al.,

2002; Melo et al., 2003). As reported by Buss &

Borges (2008), an alternative is the use of rarefaction,

calculated as the number of species expected to be

found in different samples as if they had the same

number of individuals. However, Cao et al. (2007)

reported that rarefaction can be highly biased

when assemblages differed in species distribution

Fig. 1 Two-dimensional NMDS ordination based on the

presence/absence of benthic macroinvertebrate taxa identified

in Van Veen sediment samples and fish species stomach

contents. (A) Leporinus amblyrhynchus. (B) Pimelodus mac-
ulatus. (C) Iheringichthys labrosus
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(as suggested by results of this study), and they

recommended using mean taxonomic similarity

scores calculated from replicate resampling of the

data. Thus, care should be taken in the extrapolation

of our results considering its qualitative nature.

In addition, we have three suggestions for future

investigators: (1) Compare the amount of time

required for collecting, processing, and identifying

both types of samples (cost/effectiveness); (2) Cap-

ture fish species according to their feeding activity

which can be estimated from the quantity of food in

stomachs during a 24-h cycle. For L. amblyrhynchus,

data from Rio Corumbá (Goiás, Brazil) indicated that

mean stomach fullness was maximum (25–75%)

during twilight periods (Mendonça et al., 2004).

Intensifying the sampling effort at such times may

produce more benthic macroinvertebrate prey in fish

stomachs; and (3) Evaluate the adequacy of sediment

sampling (number of sites and Van Veen grabs per

site) and stomach-content sampling (e.g., number of

sites, number of nets per site, number, and species of

fish per site).

In this survey, our sediment sampling regime was

similar to that which we employed in other ecological

studies (we took three sediment samples per site in

shallow areas near shore). However, Flotemersch

et al. (2006) reported that a greater level of sampling

effort is necessary for adequately assessing benthic

macroinvertebrate taxa richness in large rivers.

Unlike wadeable streams, where all the habitats are

generally accessible to sampling, as system get wider,

its physical area and habitat diversity increase and,

therefore, more sampling effort (site length, number

of samples, and alternate gears) is required to capture

rare species (Flotemersch et al., 2010). It is known

that rare species have a positive influence on richness

estimates (Gotelli & Colwell, 2001). In practical

terms, this means that field-sampling designs could

also consider fishes as possible samplers of rare

macroinvertebrate taxa.

In conclusion, benthic macroinvertebrate sampling

is selective; each method is best in a specific habitat,

and consequently captures only the organisms directly

associated with that habitat (Humphries et al., 1998).

This renders comprehensive surveys of river benthos

difficult, limiting the inventory of benthic biodiver-

sity. To overcome this limitation, researchers are

advised to maximize the diversity and distribution

of microhabitats sampled at multiple sites while

balancing the increased sampling effort against logis-

tical and funding limitations (Hughes & Peck, 2008).

According to Flotemersch et al. (2010), this is

achieved by employing multiple gear types, targeting

specific macrohabitats, increasing the number of

samples, or increasing site extent. We found that fish

stomach contents represent an alternative sampling

method. In the Araguari River, the stomachs’ contents

of fish collected through use of gill nets (especially,

L. amblyrhynchus and P. maculatus) proved comple-

mentary to the taxonomic inventory obtained through

sediment sampling by Van Veen grabs. In this

context, we emphasize that our results were positive

using a high taxonomic level identification (class and

family). Probably, benthic organisms identified to

species (currently, not possible in Brazil) would

provide a significantly more informative description.

In other words, the differences in benthic macroin-

vertebrate community composition between sediment

samples and fish stomachs contents could be even

more pronounced, reinforcing our hypotheses that

some fish species are really good complementary

samplers of benthic macroinvertebrates.

Despite the limitations reported, we believe that

this qualitative method is a valid contribution,

particularly in Brazilian large rivers. The benthic

macroinvertebrate communities of these ecosystems

are poorly studied and have been continuously

subjected to human pressures (e.g., dams, navigation,

water pollution, and siltation) for centuries. Cur-

rently, such activities present themselves as major

threats to freshwater biodiversity (Agostinho et al.,

2005). Dudgeon et al. (2006) reported that there are

no available data for most invertebrate groups in

tropical freshwaters; however, they believe that these

ecosystems support highly endemic and diverse

fauna, including different species of crustaceans,

mollusks, and insects. If trends in human demands for

water remain unaltered, then the loss of yet unknown

taxa will become a reality. In this context, this

qualitative method improves the lists of taxa, con-

tributing to the knowledge of benthic macroinverte-

brate biodiversity.
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(UFMG)—especially Rener Gregório and Juliana S. França—

for sample processing; Prof. Gilmar B. Santos (PUC-MG), Prof.
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Usseglio-Polatera & M. Bacchi, 2003. Invertebrate traits

for the biomonitoring of large European rivers: an initial

assessment of alternative metrics. Freshwater Biology 48:

2045–2064.

Gee, J. M., 1989. An ecological and economic review of

meiofauna as food for fish. Zoological Journal of Linnean

Society 93: 243–261.

Gerking, S. D., 1994. Feeding Ecology of Fish. Academic

Press, California.

Gomiero, L. M. & F. M. S. Braga, 2003. O lambari Astyanax
altiparanae (Characidae) pode ser um dispersor de semen-

tes? Acta Scientiarum Biological Sciences 25: 353–360.

Gomiero, L. M. & F. M. S. Braga, 2008. Feeding habitats of

the ichthyofauna in a protected area in the state of São

Paulo, southeastern Brazil. Biota Neotropica 8: 41–47.

Gotelli, N. J. & R. K. Colwell, 2001. Quantifying biodiversity:

procedures and pitfalls in the measurement and compari-

son of species richness. Ecology Letters 4: 379–391.

Hahn, N. S. & R. Fugi, 2007. Alimentação de peixes em res-
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