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Diet and ecomorphological relationships of an endemic, species-poor fish 
assemblage in a stream in the Iguaçu National Park 

Mayara Pereira Neves1, Rosilene Luciana Delariva2 and Luciano Lazzarini Wolff3

This study investigated the morphological and dietary relationships of the fish assemblage in a stream with an endemic 
fauna and low species richness. The ichthyofauna was sampled quarterly from September 2011 to July 2012, through 
the electrofishing technique. The stomach contents of 419 individuals belonging to seven species were analyzed by the 
volumetric method, and the ecomorphological traits of 30 specimens of each species were estimated. The main food items 
consumed were detritus, aquatic and terrestrial insects, and other aquatic invertebrates. We observed low levels of trophic 
niche breadth and diet overlap between most species. The PCA scores indicated the occurrence of three ecomorphotypes. 
PCA axis 1 segregated at one extreme, species with dorsoventrally depressed bodies, longer caudal peduncles, and well-
developed swimming fins; and at the other extreme, species with compressed bodies and peduncles, and relatively larger 
eyes and anal fins. PCA axis 2 segregated species with elongated bodies and ventrally oblique mouths. The partial Mantel 
test revealed a significant correlation between diet and morphology, indicating independence from the phylogeny. The 
patterns observed suggest that the low richness did not result in a broadening of the species’ trophic niches, or in the absence 
of some of the main ecomorphotypes expected. 

Este estudo teve como objetivos investigar as relações morfológicas e alimentares de uma assembleia de peixes com fauna 
endêmica e de baixa riqueza de espécies. Os peixes foram amostrados trimestralmente entre setembro de 2011 a julho de 
2012, através da técnica da pesca elétrica. Foram obtidas as medidas morfométricas que possibilitaram os cálculos dos 
índices ecomorfológicos e analisados os conteúdos estomacais de 419 indivíduos, pertencentes a sete espécies, através do 
método volumétrico. Os principais itens alimentares consumidos pela assembleia de peixes foram detrito, insetos aquáticos 
e terrestres e outros invertebrados aquáticos. Observou-se baixos valores de amplitude de nicho trófico e de sobreposição 
alimentar entre a maioria das espécies. Os escores da PCA, indicaram a ocorrência de três ecomorfotipos. O eixo CP1 
segregou em um extremo espécies com corpo deprimido dorso-ventralmente, pedúnculo caudal longo e as nadadeiras 
desenvolvidas, enquanto no outro extremo, espécies com corpos e pedúnculos comprimidos, área dos olhos e das nadadeiras 
anais relativamente maiores. Por outro lado, o eixo CP2 segregou espécies com corpos mais alongados, bocas ventralmente 
oblíquas. Através do Teste de Mantel verificou-se relação significativa entre a dieta e a morfologia. Assim, os principais 
padrões tróficos e ecomorfológicos verificados sugerem que a baixa riqueza, não repercutiu no alargamento do nicho trófico 
das espécies ou na inexistência de algum dos principais grupos ecomorfológicos.
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Introduction

Iguaçu National Park (INP) is known worldwide for the 
Iguaçu Falls, and represents, in Brazil, one of the largest 
remaining continuous areas of Atlantic Forest (Tabarelli et 
al., 2005). Upstream of the falls, the drainage network of the 
INP is composed of several streams and rivers which flow 
directly into the main channel of the Iguaçu River. The fish 
fauna in these systems and all of the Iguaçu River above the 
falls is endemic, with about 80% of its species found only 

in this basin (Garavello et al., 1997; Zawadzki et al., 1999; 
Baumgartner et al. (2012). This pattern is explained by its 
geographical isolation from the rest of the fish fauna of the 
Paraná River basin (Garavello et al., 1997). Assemblages of 
fish in streams of the Iguaçu River basin contain between six 
and 10 species (Abilhoa et al., 2008), and the basin as a whole 
contains about 130 species (Baumgartner et al., 2012). This 
diversity is low compared to other streams or even to other 
tributaries of similar order in other stretches of the Paraná 
River basin (Langeani et al., 2007; Delariva & Silva, 2013).
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These particularities call attention to this fish 
assemblage, especially outside the area of the INP, 
where the intensification of hydropower, agricultural and 
industrial activities has posed serious risks of extinction 
for their species (Nogueira et al., 2010; Daga et al., 
2012). However, singular fish communities such as those 
in the Iguaçu basin, especially those from streams that 
are still relatively well preserved, provide a good model 
to test hypotheses and identify patterns of trophic and 
ecomorphological structure. 

Regarding the trophic structure, it is expected that in 
fish communities of highly diverse sites, the partition of 
food resources is a major species-segregation mechanism, 
resulting in greater specialization or greater overlap in 
resource use (Ross, 1986; Herder & Freyhof, 2006). 
Little is known about how these mechanisms operate in 
assemblages of tropical fishes with low species richness 
(Montana et al., 2014; Leduc et al., 2015). It is expected 
that this condition would lead to the coexistence of species 
with broad food spectra and low feeding-niche overlap. 
Moreover, in streams where the structural characteristics 
of the channel and surroundings are preserved, there 
is greater availability of food from different sources 
(autochthonous and allochthonous) (Carvalho & Uieda, 
2010; Cruz et al., 2013). In view of the morphological 
potential of each species to exploit these food sources, 
this greater availability may lead to unique or poorly 
understood patterns of trophic structure.

Determination of the ecomorphological patterns, 
that is, association the morphology with the ecology of 
the species, is the first step to test the ecomorphological 
hypothesis (Casatti & Castro, 2006). If such associations 
gain phylogenetic support, i.e., if phylogenetically 
unrelated species exhibit convergence and related species 
exhibit morphological divergences, the hypothesis gains 
considerable power of inference (Wainwright & Reilly, 
1994). Several studies have shown consistent relationships 
between morphology and feeding habits (Pouilly et al., 
2003; Oliveira et al., 2010; Pagotto et al., 2011; Mise et 
al., 2013), demonstrating different predictive models of 
community structure (Casatti & Castro, 2006; Oliveira 
et al., 2010). 

In this context, it is especially interesting to expand the 
theoretical framework of ecomorphology, through studies 
of distinct areas with high endemism and low species 
richness, the typical situation in the Iguaçu River basin 
(Baumgartner et al., 2012). Thus, in this study, we tested 
the hypothesis that the low fish richness found in a stream 
in INP, leads to the absence of certain ecomophological 
groups, well as the coexistence of species with broad food 
spectra and low feeding-niche overlap. In this sense, the 
objectives of this study were to (i) describe the feeding 
habits of the fish fauna of a stream in Iguaçu National 
Park; (ii) determine the patterns of niche breadth and 
trophic overlap; (iii) identify ecomorphological patterns 
of the fish assemblage; (iv) test the relationships between 

morphology and diet, controlling the influence of 
phylogeny.

Material and Methods

Study area. Gonçalves Dias River, a tributary to the Iguaçu 
River, is an important water body that delimits the Iguaçu 
National Park (Baumgartner et al., 2012). Its headwaters 
are located around the city of Santa Tereza do Oeste, in 
a forest reserve, Cajati Farm. The river is approximately 
106 km long, and with a stretch of 100 km comprising the 
eastern border of the INP.

Sampling area was in the Jumelo stream, a first-order 
stream that flows into the Gonçalves Dias River, west 
of the INP (25°04’46.62”S 53°37’26.42”W) (Fig. 1), at 
an altitude of 605 m a.s.l., on the left bank of the stream 
borders the park. The right bank has a strip of riparian 
vegetation 5 to 10 m wide, and its surroundings consist of 
small farms with pastures and domestic animals.

Fig. 1. Study area. Collection point in stream Jumelo, region 
of the Iguaçu National Park in the Brazilian state of Paraná 
and Gonçalves Dias River in the Iguaçu River Basin, Santa 
Tereza do Oeste, Paraná.
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The 50 m stretch that was sampled for this study is 
approximately 2.0 m wide and between 0.20 and 1.0 m 
deep, with transparent water. It includes several meanders 
and has a rocky bottom with gravel, sand and silt, and 
stretches with wood debris, rapids, deposits of decaying 
leaves, and woody debris, but no aquatic vegetation. In the 
upstream portion is a waterfall about 0.5 m high. Stream 
banks are stable, with firm soil and shrubs and roots.

Field data collection. Fish were sampled quarterly from 
September 2011 to June 2012. We used the electrofishing 
technique, with three passes of 40 min through reaches 
of 50 m. The electrofishing equipment was powered 
by a portable generator (Honda, 2.5 kW, 220 V, 3-4 A) 
connected to a DC transformer, with two electrified net 
rings (anode and cathode). Output voltage varied from 400 
to 600 V. We installed blocking nets (mesh size 0.5 mm) 
at each end of the reach to prevent the fish from escaping. 
The collected specimens were immediately killed in a 
solution of clove oil (Eugenol, 2 drops per liter; American 
Veterinary Medical Association, 2001), and fixed in 10% 
formalin to stop the digestion process. Fish were collected 
under license from the Instituto Chico Mendes de 
Conservação da Biodiversidade (ICMBio) (Process No. 
30182). Voucher specimens were deposited in the Coleção 
Ictiológica do Núcleo de Pesquisas em Limnologia, 
Ictiologia e Aquicultura (NUP), Universidade Estadual 
de Maringá, Maringá-PR, Brasil (Table 1). 

Laboratory procedures. Specimens were identified in 
the laboratory according to Baumgartner et al. (2012), 
and then preserved in 70o GL ethanol.

Diet. Gastric contents of seven species based on all 
stomachs with food (fullness equal to or greater than 
20%) were identified under optical and stereoscopic 
microscopes to the lowest taxonomic level possible. For 
species with an undifferentiated stomach (Loricariidae), 
the contents of the anterior third of the digestive tube 
were examined. For the analysis of stomach contents, 
we used only species for which we had a total of five 
or more samples. Food items were identified using the 
identification keys of Bicudo & Bicudo (1970) for algae 
and Mugnai et al. (2010) for invertebrates, and quantified 
according to the volumetric method; i.e., the total volume 
of a food item taken by the fish population is given as 
a percentage of the total volume of all stomach contents 
(Hyslop, 1980), using graduated test tubes and a glass 
counting plate (Hellawell & Abel, 1971).

Ecomorphology. Thirty individuals of each species 
were analyzed (including at least five species for 
which the total number was less than 30), based on 27 
morphological characters related to habitat occupation, 
swimming behavior, and trophic ecology, through 
linear morphological measurements and areas related 
to the trunk, fin, head, eye, and mouth (Oliveira et al., 
2010; Pagotto et al., 2011). These characters were always 

taken from the left side of the individuals, and the linear 
morphometric measurements were obtained with the aid 
of a digital caliper. In the case Phalloceros harpagos 
Lucinda, 2008, which has sexual dimorphism, both 
sexes were measured and included in the analyzes. To 
calculate the areas of the fins, they were drawn on plastic 
material and later scanned and inserted in AutoCAD 
2007 software. These variables were converted into 15 
ecomorphological indexes: compression index, relative 
length of the caudal peduncle, relative width of the caudal 
peduncle, relative height of the caudal peduncle, relative 
area of the dorsal fin, aspect ratio of the caudal fin, 
relative area of the anal fin, aspect ratio of the anal fin, 
relative area of the pectoral fin, relative area of the pelvic 
fin, relative head height, relative head width, relative 
mouth height, relative mouth width, and relative area of 
the eye. Additionally the variable orientation of the mouth 
was coded as 1 - superior position, 2 - terminal position, 
3 - oblique ventral position and 4 - ventral position. These 
indices are important because they minimize the effect of 
individual size, eliminating the chance that the analysis 
will be dominated by this variable and focusing primarily 
on the shape of the body and the structures (Winemiller, 
1991).

Data Analysis. For analysis of the diet-composition, the 
items identified were grouped into broader categories: 
aquatic invertebrates (Acarina, Decapoda, Cladocera, 
Conchostraca, Copepoda), aquatic insects (Ephemeroptera, 
Odonata nymphs, Plecoptera, Trichoptera, Simuliidae 
and remains of aquatic insects), terrestrial invertebrates 
(Oligochaeta and Araneae), terrestrial insects 
(Hymenoptera, Coleoptera), plants (leaves and seeds 
of vascular plants), detritus (particulate organic matter 
in different stages of decomposition and with mineral 
particles present), algae (Chlorophyta, Bacillariophyceae, 
Zygnemaphyceae) and Pisces. 

Trophic guilds were determined from the matrix 
of stomach contents by an adaptation of the stepwise 
procedure of Mérona et al. (2001): more than 50% detritus/
sediment in the stomachs: detritivores; more than 50% of 
aquatic insects in the stomachs: aquatic insectivores; more 
than 50% or by adding various invertebrates and fish in 
the stomachs: carnivores; similar proportions of detritus 
and aquatic insects: detritivores/insectivores; none of the 
above statements valid, and adding items from different 
origins (plant and animal): omnivores.

The Equitability was used to standardize the sampling 
effort, in which the ratio of abundance was distributed 
between species and calculated by the index EVAR 
following Smith & Wilson (1996):

where S = volume of the food items in the sample; Xs is the 
species abundance.
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To evaluate of the level of dietary specialization, the 
niche breadth was calculated using the standardized Levins 
index. This index ranges from 0 (when a species consumes 
a single type of food item) to 1 (when a species consumes 
all food resources similarly). The index is given by the 
expression proposed by Hurlbert (1978):

where Bi = standardized index of niche breadth; Pij = 
proportion of food category j in the diet of species i; n = 
number of food categories ingested by species i. 

The degree of feeding overlap was analyzed for each 
species pair, based on the volume of the food items, 
according to the Pianka index (Pianka 1973), described by 
the equation: 

where: Ojk = measure of Pianka niche overlap between 
the species j and k; Pij = proportion of food item i in 
the diet of species j; Pik = proportion of food item i in 
the diet of species k; n = total number of food items. 
This index assumes that prey are equally available to 
all predators (Reinthal, 1990). The overlap values range 
from 0 (no overlap) to 1 (complete overlap).

To identify trophic patterns of fish species, we 
calculated a food-similarity matrix using Manhattan 
city-block distance. The input matrix for this analysis 
contained the value for the volume of each food 
item. A Principal Components Analysis (PCA) was 
applied on the correlation matrix composed by the 15 
ecomorphological indices, aiming to identify patterns 
in the multivariate ecomorphological space. The axes 
retained for interpretation were chosen through the 
Broken-stick criterion (Jackson, 1993; McCune & 
Mefford, 2006). The scores of the retained PCA axes 
were used to calculate an ecomorphological distance 
matrix (distance between the ecomorphological index).

Mantel’s test of matrix comparison was used to test 
the hypothesis that food similarity may be correlated 
with morphological similarity (Smouse et al., 1986). The 
relationship between morphology and trophic structures 
could be an artifact derived from the phylogenetic 
distance among the species, in other words, generated 
from spurious correlations (Winemiller, 1991; Douglas & 
Matthews, 1992). Because this, we used a partial Mantel 
test to evaluate the effect of phylogeny, which tested the 
partial correlation between two matrices, controlling for 
the effect of a third. For this purpose, we used the same 
ecomorphological and trophic matrices and compared 
to a matrix of taxonomic distance that was constructed 
according to Douglas & Matthews (1992). The Mantel 

test compared the matrix of residuals of the regression of 
ecomorphological distances on the phylogeny with the 
matrix of residuals of regression of trophic similarity, 
having the phylogeny as independent variable.

The null hypothesis was that the ecomorphological 
patterns of the fish species studied are independent of 
the use of food resources and of the phylogeny of the 
species.

To calculate the dietary overlap, we used Ecosim® 
7.0 (Gotelli & Entsminger, 2006). The PCA analysis and 
the Mantel test were performed in the PAST program 
(Paleontological Statistics Software) version 2.08 
(Hammer et al., 2001).

Results

Diet composition, guilds and trophic specialization. 
A total of 1,056 individuals belonging to seven species 
were captured, and the stomach contents of 419 were 
analyzed. The dietary analysis showed that the main 
food items consumed by the fish assemblage were 
detritus, aquatic and terrestrial insects, and other aquatic 
invertebrates (Table 1). The species of the genus Astyanax 
used mainly aquatic and terrestrial insects, followed by 
plants, and were therefore characterized as omnivores. 
Ancistrus mullerae Bifi, Pavanelli & Zawadzki, 2009, 
fed primarily on detritus, with small proportions of algae 
(Chlorophyta, Bacillariophyceae, Zygnemaphyceae), 
and was classified as a detritivore. The diet of Rhamdia 
branneri Haseman, 1911, was composed predominantly 
of aquatic invertebrates (Aeglidae), terrestrial plants 
(seeds), terrestrial invertebrates (Oligochaeta), and 
fish, and this species was characterized as a carnivore. 
The species of Trichomycterus proved to be aquatic 
insectivores, where the most-consumed food items were 
Simuliidae (larvae) and Ephemeroptera. Phalloceros 
harpagos, consumed similar proportions of detritus 
and aquatic insects (Ephemeroptera, Chironomidae 
and Simuliidae), and was classified as a detritivore/
insectivore. In general, all species showed narrow 
trophic niches (Ba <0.3), with the highest specialization 
observed in A. mullerae (Table 1).

Dietary overlap. In general, the dietary overlap between 
species was low. Overlap values above 0.6 were observed 
between trichomycterids and Astyanax, due to shared 
consumption of Simuliidae larvae, Hymenoptera and 
plants; and between A. mullerae and P. harpagos (88%), 
due to consumption of detritus (Table 2).

Ecomorphological diversification and relationships 
between diet and morphology.  The first two axes of 
the principal components analysis (PCA), retained for 
interpretation by the Broken-Stick Model, explained 
81.42% of the total variability of the ecomorphological 
data (Table 3).
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PCA axis 1 (46.1%) separated A. mullerae with positive 
scores; this species has a dorsoventrally depressed body 
(low depression index), long caudal peduncle, and well-
developed swimming fins (except the anal fin). Phalloceros 
harpagos, Astyanax bifasciatus Garavello & Sampaio, 
2010, and Astyanax dissimilis Garavello & Sampaio, 
2010, showed more negative scores, corresponding to 
their compressed bodies and peduncles, with a relatively 

larger eye area and anal fins. Species with more-elongated 
bodies, oblique ventral mouths and well-developed paired 
swimming fins had intermediate scores on PCA axis 
1. PCA axis 2 (35.3%) tended to segregate those with a 
longer and higher head and relatively larger areas of the 
pectoral, caudal and pelvic swimming fins, including R. 
branneri, Trichomycterus sp. 1 and Trichomycterus sp. 2 
(Fig. 2).

Table 1 .  Food items consumed by the fish fauna in Jumelo stream, Iguaçu National Park, Paraná, Brazil. Values based on 
data for percentage volume of the food item. Asterisk indicates values less than 0.01%. Trophic guilds: DET= detritivore; 
CAR= carnivore; ONI= omnivore; INA= aquatic insectivore; D/IN= detritivore/insectivore; Bi: Standardized Levins niche 
width.

Taxonomic position Characiformes Siluriformes Cyprinodontiformes

Fish fauna Axtyanax 
bifasciatus

Astyanax 
dissimilis Trichomycterus sp. 1 Trichomycterus sp. 2 Ancistrus 

mullerae
Rhamdia 
branneri Phalloceros harpagos

Voucher specimens NUP 16945 NUP 16940 NUP 16944 NUP 12661 NUP 16942 NUP 16941 NUP 16943

Numerical proportion 2.98 0.67 30.33 8.06 46.93 3.07 7.97

Biomass ratio 12.4 5.13 15.34 4.46 36.92 24.06 1.69

N analyzed stomachs 14 5 118 55 148 17 59

Bi 0.23 0.14 0.13 0.11 0.11 0.32 0.33

Trophic guilds ONI ONI INA INA DET CAR D/IN

Food items

AUTOCHTHONOUS 28.32 40.43 99.52 99.81 0.01 60.12 49.77

Algae 0.01 0.14

Nematoda 4.37 * *

Microcrustaceans * 1.18

Aeglidae 1.7 0.81 33.55

Fish 7.31

Ephemeroptera 0.52 26.47 31.84 0.33 20.93

Odonata 0.52 21.7

Trichoptera 5.24 11.18 1.15

Simulidae 57.29 47.68 7.83 11.71

Plecoptera 0.38

Blephariceridae 4.19 0.28

Chironomidae 8.92 1.25 3.34 * 13.56

Aquatic insect others 13.99 17.02 4.27 5.39 11.1 0.82

ALLOCHTHONOUS 71.68 59.57 0.4 0.19  39.88 1.04

Plant remains 33.04 10.64 30.29 0.03

Araneae 1.92 1.91 1.01

Coleoptera 4.72 8.94 0.19 1.11

Hymenoptera 27.62 35.53 1.96

Terrestrial insect others 4.37 2.55 0.4

Oligochaeta 6.53

UNDETERMINED

Detritus 0.08 99.99 49.18
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Table 2. Pianka overlap index for trophic niche. calculated 
for each pair of fish species from Jumelo stream. Iguaçu 
National Park. Paraná. Brazil. An asterisk indicates high 
overlap values (<0.6). Abi= Astyanax bifasciatus; Adi= 
Astyanax dissimilis; Tri1= Trichomycterus sp.1; Tri2= 
Trichomycterus sp.2; Anc= Ancistrus mullerae; Rha= 
Rhamdia branneri; Pha= Phalloceros harpagos.

Abi Adi Tri1 Tri2 Anc Rha Pha

Abi -

Adi 0.7276* -

Tri1 0.0207 0.0234 -

Tri2 0.0337 0.032 0.9791* -

Anc 0.0035 0 0.0003 0.001 -

Rha 0.536 0.2577 0.1481 0.1405 0 -

Pha 0.0412 0.0004 0.0332 0.3701 0.8845* 0.0292 -

Table 3. Eigenvectors, eigenvalues and percentage of 
explicability of the first two axes (PCA 1 and PCA 2) 
from the principal components analysis (PCA) applied to 
the correlation matrix of 15 ecomorphological indices and 
mouth orientation for the fish assemblage in Jumelo stream, 
Iguaçu National Park, Paraná, Brazil. Values in bold indicate 
the five respective eigenvectors that more contributed 
negatively, and the five eigenvectors that more contributed 
positively to the formation of PCA 1 and PCA 2. 

Ecomorphological indices CP1 CP2

Compression Index -0.3527 -0.04459

Relative length of the caudal peduncle 0.1275 0.2225

Relative height of the caudal peduncle 0.2024 0.3175

Relative width of the caudal peduncle -0.2447 0.3055

Relative area of the dorsal fin 0.288 -0.2435

Aspect-ratio of the caudal fin -0.141 -0.3047

Relative area of anal fin -0.2738 -0.2704

Aspect-ratio of anal fin 0.1096 0.3536

Relative area of pectoral fin 0.316 -0.1447

Relative area of pelvic fin 0.3014 -0.2304

Relative height of the head 0.3471 -0.06086

Relative width of the head 0.07444 0.3023

Relative height of the mouth 0.3164 0.1944

Relative width of the mouth -0.1064 0.3816

Relative area of the eye -0.2004 -0.1447

Mouth position 0.3168 -0.1748

Eigenvalues 7.38 5.65

Predicted eigenvalues (Broken-stick) 3.38 2.38

Variance (%) 46.12 35.3

Fig. 2. Ordenation of the fish fauna in Jumelo stream, 
Iguaçu National Park, Paraná, Brazil, produced by the first 
two axes of the principal components analysis (PCA 1 and 
PCA 2) applied to the correlation of 15 ecomorphological 
indices and the mouth orientations of the fish species.

The Mantel test showed a significant correlation 
between the matrices of trophic and ecomorphological 
distances (r = 0.55, p = 0.01). However, the correlation 
between the morphological and taxonomic matrices was 
also significant (r = 0.37, p = 0.004), which could indicate 
the existence of spurious correlations that are related to 
the taxonomy of species. Therefore, in order to remove 
the effect of phylogeny on the relationship between diet 
and morphology, a partial Mantel test was conducted, 
which showed a significant correlation between diet and 
morphology (r = 0.47, p = 0.02).

Discussion

Fish assemblage of the stream was structured in five 
trophic guilds, and the diets of their species reflected the 
main food resources available for fish in freshwater food 
webs. Despite the low richness (seven species), the trophic 
structure is comparable to other tropical fish assemblages, 
for which higher species richness does not necessarily 
imply the existence of considerable differences in the 
composition of the food items (Esteves & Lobón-Cerviá, 
2001; Silva et al., 2012).

The variety of autochthonous and allochthonous 
resources in the diets of the fish species reflects the 
functional-trophic integrity of this ecosystem. This is 
verified by the presence of (i) a considerable amount of 
terrestrial insects (Hymenoptera and Coleoptera), seeds, 
and plants, which attests to the contribution of the riparian 
vegetation to the input of organic matter to the system 
(Uieda & Pinto, 2011; Casatti, 2010; Moraes et al., 2013); 
(ii) the presence of organisms such as Ephemeroptera, 
Trichoptera, Plecoptera and Decapoda (Aeglidae) that are 
considered to be bioindicators of environmental quality 
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and the structural complexity of the river bed (Bispo et 
al., 2006; Bagatini et al., 2012; Silva et al., 2012). In these 
context, the results about fish’s diet, indicate that the Jumelo 
stream may used as a possible reference environment 
(sensu Ferreira & Casatti, 2006) for comparisons of trophic 
ecology between fish communities in impacted versus non-
impacted environments. On the other hand, this status of 
conservation, nowadays little reported to streams, reflects 
the regional importance of the INP for the functionality of 
the local aquatic communities, especially to an endemic 
fish fauna, with increasing threat of extinction. 

In contrast to what is expected for communities with 
low species richness, where the niche breadth of species 
tends to be higher (Hutchinson, 1957; Uieda & Motta, 
2007), for the stream fish assemblage examined here, the 
dietary niche breadth was markedly low. Even omnivorous 
species (Astyanax spp.) had low values for diet breadth 
(below 0.2), which shows that although the species used 
resources from different trophic levels, their diets tended 
to be restricted to a small number of abundant items. For 
streams with higher species richness, the diet breadth has 
also been found to be low (Wolff et al., 2013; Winemiller et 
al., 2008). These patterns and the results found here suggest 
that dietary specialization may not necessarily be linked 
only to interspecific competition or to the availability of 
resources (Esteves & Lobón-Cerviá, 2001; Mazzoni et al., 
2012; Vitule et al., 2013).

Other factors may explain the results found here. 
One, reported by Schoener (1974) and other investigators 
(MacArthur & Pianka, 1966; MacArthur & Levins, 1964; 
Ross, 1986) is spatial segregation, which could more 
consistently contribute to the differentiation of niches in 
narrower tracks. Therefore, low species richness does not 
necessarily lead to wider trophic breadth, but on the other 
hand, specialized trophic niches would be a consequence 
of morphological limitations associated with feeding 
resources in habitat mosaics (Pringle et al., 1988). This 
hypothesis gains support because the dietary overlap of 
this assemblage was high only for those congeneric species 
with similar morphologies. Moreover, morphology was a 
significant factor in the use of food, supporting the idea of 
specialization mediated by morphological constraints.

In ecomorphological studies, fish assemblages with low 
species richness, i.e., depleted (sensu Hutchinson, 1957), 
may occupy a total volume of the niche (represented by 
the multivariate ecomorphological space) that is relatively 
smaller compared to more-diverse taxocenes (Watson 
& Balon, 1984; Winemiller, 1992; Montana et al., 2014). 
This raises the question of whether fish assemblages with 
low richness would really show the main ecomorphotypes 
associated with the use of food resources (Gatz, 1979; 
Winemiller, 1991; Breda et al., 2005; Oliveira et al., 
2010). However, the fish assemblage of Jumelo stream 
included the main ecomorphotypes (benthic, nektonic and 
nektobenthic) that are found in other aquatic ecosystems 
with higher species richness (Casatti & Castro, 2006; 

Cochran-Biederman & Winemiller, 2010; Mazzoni et al., 
2010; Oliveira et al., 2010).

Distribution of species in ecomorphological space 
indicated the attributes that strongly influenced the feeding 
habitats of the species. The armored catfish A. mullerae, 
with a depressed body (benthic ecomorphotype), has a long 
caudal peduncle and well-developed paired fins, which 
provide stability in riffles (Bernoulli effect) (Webb et al., 
1996; Breda et al., 2005; Oliveira et al., 2010; Pagotto et 
al., 2011). Together with these adaptations, its mouth with 
sucking lips favors the uptake of debris and algae from the 
streambed. 

Species with compressed bodies and peduncules, 
and relatively larger eye area and anal fins (nektonic 
ecomorphotype) were segregated. Their feeding habits are 
driven by the visual capacity, which enhances the capture 
of allochthonous items in the water column (Mazzoni 
et al., 2010). This group consisted of two species of 
Astyanax (Characiformes) and the poeciliid P. harpagos 
(Cyprinodontiformes). According to Breda et al. (2005), 
fish with these morphological attributes can maneuver more 
easily and exploit habitats with slower currents. In the case 
of P. harpagos, the dorsally located mouth located probably 
allows it to ingest debris and aquatic insects from along 
the banks more than directly on the riverbed. According to 
Mazzoni et al. (2011), individuals of P. harpagos showed 
non-size-related and non-random patterns of microhabitat 
use, positively selecting fine-grained sediments, pools 
(slow water) and shallow locations with or without plant 
cover, which corroborated the present results.

Species with elongated bodies, ventrally oblique mouths 
and well-developed paired and caudal fins occupied the 
intermediate region of the ecomorphological space, and 
composed the nectobenthos. These species, composited 
by medium size elongated bodies, like many neotropical 
catfishes, usually have a generalist feeding profile, because 
they can be both botton pickers and drift-feeders (Sazima, 
1986; Casatti & Castro, 2006), what diversifies their food 
intake. The second highest value of niche breadth (Bi = 
0.32), presented by R. branneri corroborate this, but the 
smaller size of Trichomycterus spp. probably limited 
them to a norrowed trophic niche. The elongated body of 
R. branneri seems to favor both the capture of decapods 
(Aeglidae) among large rocks, and taking allochthonous 
plants and fish in the water column, which indicates that it 
exploits various environmental compartments, a common 
feeding behavior previously reported for members of this 
genus (Silva et al., 2012; Vitule et al., 2013). On the other 
hand, Trichomycterus sp.1 and Trichomycterus sp.2, which 
also have elongated bodies and ventrally oblique mouths, 
although smaller body sizes, exploited shallow backwaters 
and the spaces among cobbles and pebbles, which concords 
with their high consumption of aquatic insect larvae.

Body shape was significantly correlated with diet, 
implying that morphologically similar species tend to use 
similar food resources, independently of their phylogenetic 
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(taxonomic) relationships. This indicates that this fish 
assemblage is structured ecomorphologically, i.e., the 
diet is significantly predictable from the morphological 
diversity of the species. So, the nature of food resources 
probably imposed a evolutionary selection pressure on 
the more-adaptive ecomophological characteristics of this 
assemblage. The species morphological potentialities allow 
them to succesfully capture specific food items, allowing 
them to coexist in the different microhabitats of this 
system. 

As far as we are aware, our study is the first to examine 
relationships between the diet and the ecomorphological 
patterns of stream fishes in a relatively species-poor 
assemblage. However, further studies on other Neotropical 
streams with different fish assemblages may help to address 
several questions that still remain unresolved, as for example, 
whether or not the correlations among ecomorphotypes 
and feeding patterns elucidated in our study occur in 
other depauperate fish assemblages. Alternatively, whether 
increased fish species richness may cause inter-specific 
competition and subsequent shifts in ecomorphological and 
trophic patterns of these more-diverse fish assemblages.

In summary, the main trophic and ecomorphological 
patterns observed here suggest that low richness, contrary 
to our initial hypothesis, does not result in broadening the 
trophic niches of the species or in the absence of some main 
ecomorphological groups (e g., benthonic, nektonic and 
nektobenthic). In this situation, an alternative mechanism 
for the low values of diet breadth would proceed from 
morphological constraints that limit the species to the 
use of specific food resources. This assumption has some 
support, since the feeding overlap was high only between 
congeneric species (e.g., similar morphologies), and the 
correlation between diet and morphology was significant. 
In the context of an endemic fish assemblage with low 
richness, knowning the trophic and morphological patterns 
is of fundamental importance since the loss of a single 
species represents not only the loss of a biological entity, 
but also the possible loss of an entire trophic guild or 
ecomorphological group, as well as of the roles that they 
play in the ecosystem.
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