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Abstract
The food habits and niche overlap based on diet composition and prey size of two species of understorey insectivorous 
birds were investigated in an area of montane rain forest in the state of Minas Gerais, southeastern Brazil. A total of 
43 birds were captured: 33 individuals of Conopophaga lineata (Conopophagidae) with 13 recaptures, and 10 individuals 
of Myiothlypis leucoblephara (Parulidae) with 12 recaptures, from which were obtained respectively 33 and 10 fecal 
samples. Fragments of 16 groups of arthropods, plus insect eggs, were identified in these samples. Conopophaga lineata 
predominantly consumed Formicidae (32%) and Isoptera (23.6%). However, the index of alimentary importance (AI) 
of Isoptera (3.53) was lower than other groups such as Formicidae (AI = 61.88), Coleoptera (AI = 16.17), insect larvae 
(AI = 6.95) and Araneae (AI = 6.6). Myiothlypis leucoblephara predominantly consumed Formicidae (28.2%) and 
Coleoptera (24.4%), although Coleoptera and Hymenoptera non-Formicidae had the highest values of AI (38.71 and 
22.98 respectively). Differences in the proportions of the types of arthropods consumed by birds were not enough to 
reveal their separation into feeding niches (overlap = 0.618, p observed ≤ expected = 0.934), whereas differences in 
the use of resources was mainly due to the size of the prey (p<0.001), where C lineata, the species with the highest 
body mass (p<0.001) consumed larger prey. It is plausible that prey size is an axis of niche dimension that allows the 
coexistence of these species.

Keywords: birds, cloud forest, insectivores, Neotropical region, niche.

Partição de recursos alimentares entre duas espécies de aves insetívoras de 
sub-bosque em um fragmento de floresta nebular Neotropical

Resumo
Os hábitos alimentares e a sobreposição de nicho em termos de composição da dieta e tamanho de presas de duas 
espécies de aves insetívoras de sub-bosque foram investigados em uma área de floresta ombrófila altomontana no estado 
de Minas Gerais, sudeste do Brasil. Foram capturados 33 indivíduos de Conopophaga lineata (Conopophagidae), 
com 13 recapturas, e 10 indivíduos de Myiothlypis leucoblephara (Parulidae), com 12 recapturas, dos quais foram 
obtidas, respectivamente, 33 e 10 amostras fecais, onde foram identificados fragmentos de 16 grupos de artrópodes, 
além de ovos de insetos. Conopophaga lineata consumiu predominantemente Formicidae (32%) e Isoptera (23,6%). 
Contudo, o índice de importância alimentar (IA) de Isoptera (3,53) esteve abaixo de outros grupos como Formicidae 
(IA = 61,88), Coleoptera (IA = 16,17), larva de inseto (IA = 6,95) e Araneae (IA = 6,6). Myiothlypis leucoblephara 
consumiu predominantemente Formicidae (28,2%) e Coleoptera (24,4%), embora em termos de IA o predomínio 
tenha sido de Coleoptera (IA = 38,71) e Hymenoptera não Formicidae (IA = 22,98). Diferenças nas proporções dos 
tipos de artrópodes consumidos pelas aves não foram suficientes para revelar separação em seus nichos alimentares 
(sobreposição = 0,618; p observado ≤ esperado = 0,934), ao passo que divergências no uso de recursos se deram 
principalmente em função dos tamanhos das presas (p<0,001), onde C. lineata, a espécie com maior massa corporal, 
(p<0,001) consumiu as maiores presas. É plausível que o tamanho das presas seja um eixo da dimensão do nicho que 
permite a coexistência dessas espécies.

Palavras-chave: aves, floresta nebular, insetívoros, região Neotropical, nicho.
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1. Introduction
The coexistence of species in a place can be determined 

by the occupation of different ecological niches, and some 
of the main axes that drive niche occupation are habitat, 
temporal activity and diet (Pianka, 1973; Schoener, 1974). 
Recent measurements of the niche overlap of small and 
medium-sized vertebrates of the Neotropical region have 
revealed that the coexistence of species, with reduced 
interspecific interactions or interference competition, may 
occur mainly as a result of interactions between species 
using different types of resources at small spatial scale, 
regardless of their taxonomic relationships (e.g. Bergallo 
and Rocha, 1994; Martinez, 2004; Vieira and Port, 2006; 
Castro-Arellano and Lacher Junior, 2009).

Even with this recent data accumulation on resource 
partitioning among vertebrates in the Neotropics, however, 
the literature is still scant, especially considering the 
high species richness and diversity of habitats in this 
region. In this context, studies on forest birds are scarce 
(e.g. Rodrigues, 1995; Naoki, 2007; Hasui et al., 2009), 
presumably due to the complexity of forest environments 
and vegetation structure that, in turn, influences how birds 
forage, as well as habitat selection patterns and community 
structure (Robinson and Holmes, 1982).

Understorey insectivorous birds in tropical forests 
usually have high habitat specificity and difficulty moving 
through areas that lack forest cover (Willis, 1979; Stouffer 
and Bierregaard Junior, 1995). These characteristics may be 
useful in research on feeding ecology and competition, since 
flows of bird populations from this vegetation strata among 
forest fragments are, generally, not intense (Yabe et al., 
2010; Marini, 2010). Furthermore, the composition of the 
diet of insectivorous birds may be related to factors such 
as competition or the reduced abundance of arthropods 
as a food resource (Blake and Hoppes, 1986; Naranjo and 
Ulloa, 1997), or difference in body size between syntopic 
species (Hespenheide, 1971).

Here we investigate the niche relationships between two 
species of insectivorous passerines of the lower forest strata, 
common in southeastern Brazil: Myiothlypis leucoblephara 
(Vieillot, 1817) (White-browed Warbler, Parulidae) and 
Conopophaga lineata (Wied, 1831) (Rufous Gnateater, 
Conopophagidae). These birds regularly forage on the 
forest floor (D’Angelo Neto et al., 1998; Pacheco et al., 
2008) and are often sympatric and even syntopic in many 
areas of their occurrence (e.g. D’Angelo Neto et al., 1998; 
Krauczuk, 2008; Pacheco et al., 2008). The aim is to assess 
whether these two syntopic species of birds differ in the 
width of their feeding niches, types (in general, taxa), or 
prey size and, if so, whether the differences are related 
to body mass.

2. Material and Methods
2.1. Study area

The study was conducted in the Ibitipoca State Park, an 
area of 1488 ha, situated at 21° 42’ 33” S, 43° 53’ 07” W, 
in the state of Minas Gerais, southeastern Brazil. Phyto-
physiognomy is dominated by rocky outcrops, grasslands, 

rain forests and riparian forests. Sampling occurred in 
an area of tropical cloud forest (Carvalho et al., 2000) 
of approximately 90 ha, known as “Mata Grande”. 
The regional climate is characterized by a mean annual 
temperature of 18.9 °C (Aragona and Setz, 2001), and 
average annual rainfall of 1,544 mm (Carvalho et al., 
2000), with dry winters and rainy summers (Manhães, 
2003; Manhães et al., 2010).

2.2. Sampling
Samples were collected monthly from January to 

December 2004 in Mata Grande (MGR). The birds were 
captured with mist-nets (12 m × 38 mm mesh, 3 m high) 
installed at ground level and arranged in lines of nine 
nets in five pre-existing understorey trails, distant from 
84 to 818 m one each other, with a total of 3178 mist-net 
hours. The captured birds were marked with numbered 
aluminum bands provided by CEMAVE/ICMBio and 
weighed with 50 g Pesola scales.

2.3. Diet
The birds were held in cloth bags for approximately 

30 minutes to obtain fecal samples. After releasing the birds 
near the net-line, feces found in the bags were removed 
and transferred to paper envelopes or conserved in 70% 
alcohol. The feces, kept dry, were diluted in boiling water 
in test-tubes to clean the material and eliminate uric acid 
(Ralph et al., 1985). All samples were then filtered in filter 
paper and dried in a stove. Each sample was examined in 
a Petri dish under a stereoscopic microscope (10x to 40x). 
The fragments were identified based on guides provided by 
several authors (Ralph et al., 1985; Moreby, 1988; Chapman 
and Rosenberg, 1991; Whitaker Junior, 1998; Burger et al., 
1999; Gomes et al., 2001; Manhães et al., 2010; Triplehorn 
and Johnson, 2011) and also by comparison with structures 
of arthropod specimens taken from the habitat.

The preys were classified to the lowest taxonomic level 
possible, generally order (family for Formicidae) according 
to Triplehorn and Johnson (2011) and McGavin (2000). 
Fragments of holometabolous insects were grouped into 
a single category, “insect larvae” (Burger et al., 1999). 
To determine the minimum number of preys in each sample 
we considered color, size, shape and number of unique 
structures, such as heads, and paired structures such as 
mandibles or wings. The size of the preys were obtained 
from the size of fragments found in the feces applied in 
linear regression equations for many taxonomic groups 
found in the diet, as calculated by Manhães and Dias (2008).

2.4. Niche overlap
To correct the importance of items that occur abundantly 

but sporadically in the samples, or items registered 
frequently but always in small amounts, we calculated an 
Index of Alimentary Importance (AI) for diet based only 
on arthropods, according to Durães and Marini (2005) 
(Equation 1).

i ii i i
i 1

( / ( )) 100
n

AI RO RA RO RA
=

= × × ×∑   (1)
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where: AI = Index of Alimentary Importance; iRO = number 
of samples where the category i occurs relative to the total 
number of samples (n) per species; iRA = number of items 
in the diet in category i relative to the total number of 
items in a given sample, iRA = mean relative abundance 
of each diet category i.

Niche overlap was then calculated on the basis of AI 
of each type of prey i using Pianka’s index (Pianka, 1973), 
and analyzed by statistically comparing the observed 
value with expected values obtained by randomization, 
via the Monte Carlo method, using the software EcoSim 
7.72 (Gotelli and Entsminger, 2004). In this case, we used 
randomization algorithm 3 (RA3), which retains the niche 
breadth of each species, but randomizes which particular 
resource states are utilized. 

2.5. Niche width and prey size
Niche width was calculated using Levins’ index (Levins, 

1968) and a set of pseudo-values were obtained by the Jackknife 
method, according to Jaksic (2000). The pseudo-values 
of niche width, the sizes of prey consumed obtained by 
regression equations, and bird body masses were compared 
using the Monte Carlo method (1000 permutations) for 
the Mann-Whitney test, using the software PAST v. 3.01 
(Hammer et al., 2001). The few food plant items found 

in the samples were considered accidental or occasional 
consumption, and were not included in the quantitative 
analysis. Insect eggs may have been ingested along with 
female arthropods laying eggs and also were not analyzed.

3. Results

We obtained 68 captures of 43 individuals, being 
33 individuals of C. lineata (13 recaptures) and 10 of 
M. leucoblephara (12 recaptures). Table 1 shows the food 
items found in 33 fecal samples of C. lineata and 10 of 
M. leucoblephara, as well as their respective proportions 
and the alimentary importance of each food item in the 
diet of each species.

We identified fragments of 16 arthropod groups in 
the fecal samples of both species, excluding insect eggs. 
The most frequent item was Hymenoptera Formicidae. 
This was the most important item in the diet of C. lineata. 
Isoptera was the second most frequent in the total of items 
but consumed only by C. lineata, although with low relative 
importance in the diet. Another item with high frequency 
in the diet of both species was Coleoptera, and these prey 
were the most important in the diet of M. leucoblephara, 
followed by non-Formicidae Hymenoptera (Table 1). 
Together, these four groups of arthropods constituted 71.9% 
of the preys found in all fecal samples. Other important 

Table 1. Diet composition of Myiothlypis leucoblephara and Conopophaga lineata in Ibitipoca State Park based on fecal 
samples. 

Feeding items
M. leucoblephara C. lineata

TotalFreq. % AI Size range
in mm(n) Freq. % AI Size range

in mm(n)
Orthoptera 3 1.2 0.31 3
Blattodea 1 1.3 0.18 1 0.4 0.01 2
Isoptera 59 23.6 3.53 59
Dermaptera 1 1.3 0.22 3 1.2 0.18 4
Psocoptera 1 1.3 0.18 1
Hemiptera Heteroptera 5 2.0 0.68 5
Hemiptera non-Heteroptera 6 7.7 3.91 4.7(1) 1 0.4 0.01 7
Coleoptera 19 24.4 39.72 1.6-5.3(13) 30 12.0 16.17 2.4-11.6(14) 49
Diptera 1 1.3 1.96 5.1(1) 1
Hymenoptera non-Formicidae 12 15.4 23.58 1.2-6.2(11) 11 4.4 2.00 3.0-7.3(4) 23
Formicidae 22 28.2 21.24 1.0-2.5(11) 80 32.0 61.88 2.2-7.3(37) 102
Insect egg 3 3.8 0.7-0.8(2) 3
Insect larvae 4 5.1 3.79 7.8-9.6(4) 25 10.0 6.95 2.3-22.4(18) 29
Araneae 5 6.4 4.50 4.8-9.0(4) 17 6.8 6.60 3.4-12.2(15) 22
Pseudoscorpiones 1 1.3 0.09 4 1.6 0.58 5
Opiliones 4 1.6 0.53 4
Diplopoda 1 1.3 0.65 4 1.6 0.58 5
Miconia budlejoides Triana 
(Melastomataceae)*

1 0.4 1

Melastomataceae* 2 0.8 2
Unidentified vegetable matter 1 1.3
Total 78 100.00 250 100.00 328
Freq. = frequency; AI = index of alimentary importance; n = number of prey with sizes obtained from linear regression equations.
* = seeds.
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items were insect larvae, found mainly in the feces of 
C. lineata, and Araneae (Table 1).

The observed niche overlap was 0.618 and this value does 
not differ from the expected (p observed ≤ expected = 0.934), 
so that the data does not suggest the existence of resource 
partitioning based only on taxonomic units consumed 
(Figure 1). However, even with approximately one third 
of arthropods identified in the diet of M. leucoblephara in 
relation to C. lineata, the number of identified arthropod 
groups was almost the same for the two species (12 for 
M. leucoblephara and 14 for C. lineata). As a consequence, 
M. leucoblephara showed a niche greater than that of 
C. lineata (p<0.001) (Figure 2). Insect larvae were the larger 
items consumed by both species but striking differences 
in prey size in the diet of both species were observed for 
Coleoptera and Formicidae (Table 1). In general, there 
were differences in prey size (p<0.001), and C. lineata, 
with a higher body mass (p<0.001), consumed larger 
preys (Figure 3).

4. Discussion

Both species consumed greater proportions of the 
arthropods that are naturally abundant taxa, such as 
Coleoptera, non-Formicidae Hymenoptera (bees and wasps), 
and Formicidae. Except for Hymenoptera non-Formicidae, 
other taxa were also very common in the litter (Pearson and 
Derr, 1985; Mestre et al., 2010). Thus it seems plausible that 
these birds feed opportunistically and the diet represents, in 
general, the resources found in the environment. In recent 
studies, Lima et al. (2011) and Lima and Manhães (2009) 
found that either C. lineata as Basileuterus culicivorus, 

formerly congeneric with M. leucoblephara, showed no 
preference for prey types, but there are no specific studies 
on the prey selection of M. leucoblephara.

There are some differences between the diet of the 
two species, especially in the exclusive consumption 
of Isoptera, Hemiptera Heteroptera, Orthoptera and 
Opiliones by C. lineata, and insect eggs and Diptera by 
M. leucoblephara. Although some of these differences 
may be due to chance, considering the low proportions 
of these taxa in the diets, the presence of taxa exclusive 
to the diet of C. lineata may indicate a greater ability of 
this species to tolerate the arthropods that carry chemical 
defenses (allomones) against predation as Isoptera and 
Hemiptera Heteroptera (Evans and Schmidt, 1990; Gullan 
and Cranston, 2007). Coleoptera also show a wide ability to 
use chemical defenses (Evans and Schmidt, 1990), but are 
the most numerous group of arthropod in terms of species 
(Triplehorn and Johnson, 2011) and it is not surprising that 
many taxa within the order are the common prey of birds.

The diet of both species also shows both similarities 
and differences compared to the findings of other authors. 
For example, there was considerable fluctuation in the 
diet composition of M. leucoblephara when compared to 
data from Chatellenaz (2008) in Argentina, who identified 
only 7 orders (Hemiptera, Coleoptera, Hymenoptera, 
Lepidoptera, Diptera, Araneae and Pseudoscorpiones), 
and Lopes et al. (2005) in Minas Gerais, who found only 
two orders (Coleoptera and Hymenoptera), with a greater 
prevalence of Formicidae. These differences are most 
likely related to sampling artifacts: the largest number 
of items identified and quantified in Ibitipoca against 
data from Argentina (78 × 54 fragments plus others not 

Figure 1. Pianka’s niche overlap between Myiothlypis leucoblephara and Conopophaga lineata, based on types (taxons) of 
feeding items. The observed overlap did not differ from that obtained in 1000 permutations.
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quantified by Chatellenaz) and the largest number of 
samples (10 fecal samples × 2 regurgitates) in relation to 
the data from Minas Gerais probably allowed a greater 
variety in types of prey items.

In general, the diet composition of C. lineata in 
Ibitipoca is similar to that described by Durães and Marini 
(2005), Lopes et al. (2005) and Lima et al. (2011), but 
the latter two authors did not find Isoptera in the diet. 
The alimentary importance of Isoptera for C. lineata in 
Ibitipoca was low, however, indicating many individual 
preys concentrated in few fecal samples. This suggests 
possible predation on nests or swarms of these social 
insects. On the other hand, the absence or low frequency 
of flying, agile or quick escape response arthropods, such 
as Diptera, Hymenoptera non-Formicidae, Orthoptera and 
Araneae, in the diet of both species is a pattern found by 
those authors and also in Ibitipoca. Reports of the feeding 
behavior of both species show that they capture prey when 
perched or in short and occasional flights (Willis et al., 
1983; Mendonça-Lima et al., 2004), which seems to be 
more suited to catching prey such as Formicidae, many 
Coleoptera, insect larvae and Isoptera, despite the proportion 
and importance of Hymenoptera non-Formicidae consumed 
by M. leucoblephara.

The contrasts in the diet of the birds were not sufficient 
to reveal differences in niche overlap based on types of 
consumed items. As fecal samples and stomach contents 
provide highly fragmented materials, allowing only low 
taxonomic identification, in general at the order level, it 
is possible that greater differences are not detected by the 
limited accuracy of identifying the preys (Chapman and 

Rosenberg, 1991; Mestre et al., 2010). However, this level 
of identification has allowed differences to be detected in 
other studies (Sherry, 1984; Poulin and Lefebvre, 1996; 
Yard et al., 2004). In contrast, ecological differences were 
seen in relation to niche width. Myiothlypis leucoblephara 
seems to have a more general diet than C. lineata because, 
even with fewer samples and identified items, they consumed 
almost the same number of taxa and the number of items 
was more uniform, whereas Formicidae was an item of 
very high alimentary importance in the diet of C. lineata. 
Despite not showing preference for any particular type 

Figure 2. Levins’ niche breadth obtained for Myiothlypis 
leucoblephara and Conopophaga lineata based on different 
types of prey, calculated by the Jackknife method (n = 16 
for both species).

Figure 3. Comparison between the body mass of birds and 
lengths of prey consumed by Myiothlypis leucoblephara 
and C. lineata, indicating that the species with larger body 
mass (C. lineata) also consumed larger arthropods.
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of prey (Lima et al., 2011), as a follower of army ants, 
C. lineata can ingest them accidentally (Willis et al., 1983) 
or a possible ability to consume unpalatable prey may 
again be the key to explaining why ants are so much more 
common in the diet of C. lineata in relation to other species 
of insectivorous birds in the understorey, despite being an 
item of low nutritional value (Poulin and Lefebvre, 1996) 
but this difference remains unclear.

Another important difference found was differential 
consumption relative to the size of the prey. Conopophaga 
lineata regularly consumed larger prey than M. leucoblephara 
and also presented greater body size. Despite being only 
a single pair of species, these results are similar to those 
found by Hespenheide (1971) for various groups of birds, 
where species pairs were compared in relation to feeding 
habits. He noted that the birds shared resources based more 
on size than on the taxonomic composition of prey items. 
If we consider that prey abundance decreases with body 
size (Stork and Blackburn, 1993; Mestre et al., 2010), it is 
plausible to suggest that their availability also decreases. 
So smaller arthropods must be overabundant items, while 
the largest would be more limited resources and the 
birds seem to differ in the use of arthropods in function 
of the size. There is a positive relationship between the 
amplitude of a predator niche and body mass, because 
larger predators can consume prey of different sizes, while 
smaller predators consume smaller preys (Costa et al., 
2008). So, while differences in the proportions of types 
of arthropods consumed by birds studied in Ibitipoca 
were not enough to reveal segregation in their feeding 
niches, the divergence in resource use was mainly due to 
the size of the prey.
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