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Individuals of the same species differ from one another
and may utilize different resources within a similar habitat
(BOLNICK et al. 2003). Differences may occur in response to eco-
logical pressures such as risk of predation, competition for
mates, quality of the territory and scarcity of resources. These
differences among individuals have been ignored by a wide
range of studies that considered them to be rare, weak or as
being of little consequence to ecological processes (for ex-
amples, see PIELOU 1972, LINTON et al. 1981, LOMNICKI 1988,
DEANGELIS & GROSS 1992). A theory about sexual dimorphism
predicts that dimorphism in size (SDS) may result in different
nutritional requirements between the sexes (SHELDON et al. 1998),
which may be reflected in differences in their morphometric
traits (SZÉKELY et al. 2007).

Morphometric studies quantify how shape and size in-
fluence individuals by affecting the items they are able to eat,
their ability to compete, the selective pressure they are under,
and the microhabitats they use (PERES-NETO 1995). Differences
in the exploitation of ecological niches between the sexes may
be better understood with the help of morphometric analyses
combined with natural history studies, for instance diet com-
position and descriptions of mating systems (WINKLER & LEISLER

1985, WEBSTER 1997). Intraspecific differences in foraging have
been documented for woodpeckers (Order: Piciformes) (SELANDER

1966, WILLIAMS 1980) and flycatchers (Passeriformes) (BELL 1982),
and can be generally explained in two ways: First, they may be

the result of intraspecific resource partitioning (SELANDER 1966),
and will be reflected in variations in beak proportions associ-
ated with differences in diet composition. A second cause of
intraspecific differences in foraging are gender-specific and are
associated with activities that happen only during the breed-
ing season (HOLMES 1986). In order to evaluate gender-specific
foraging differences, it is necessary to determine and compare
diet composition and morphometry between the sexes, and it
was the approach taken in this study.

Three methods are commonly used to determine the
composition of the diet of birds: 1) observations on foraging-
behavior followed by recordings of captured items; 2) stool
sample analysis; and 3) stomach content analysis through the
induction of chemical emetic substances. The first method is
sometimes inefficient because small food items are difficult to
observe and record (REMSEN & ROBINSON 1990). The second
method allows for an easier collection of samples and has the
advantage of causing little disturbance to the birds (RALPH et al.
1985, ROSENBERG & COOPER 1990). However, the principal disad-
vantage of this method is the highly fragmented state of the
food items. These items can be difficult to identify and may
require the use of specialized bibliography and assistance from
specialists (entomologists). The third method, stomach con-
tent analysis, is considered the best method because fragment
identification is easier, given that they are less digested than
in stool samples (POULIN et al. 1994b, MALLET-RODRIGUES et al.
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1997). Nonetheless, this method may accidentally kill the sub-
jects, and the risks of dying are high for some species (ZACH &
FALLS 1976, ROSENBERG & COOPER 1990).

With regards to morphometry, body mass is the most
widely measure of body size in birds (SZÉKELY et al. 2007) and is
often used to identify sexual dimorphism in animals (FAIRBAIRN

1997). Male birds are frequently larger than females (DARWIN

1874, SZÉKELY et al. 2007). Other morphometric measurements
have also been shown to differ between the sexes (SELANDER

1972, PRICE 1984, BADYAEV & MARTIN 2000, BLONDEL et al. 2002).
We present data on the Restinga Antwren, Formicivora

littoralis Gonzaga & Pacheco, 1990, a passeriform. Species in
this order may present sexual dimorphism in plumage. The
Restinga Antwren belongs to a family composed of primarily
insectivores (ZIMMER & ISLER 2003), and is considered the only
endemic bird species of the Restinga ecosystem (sandy plain
coastal vegetation) (GONZAGA & PACHECO 1990). It has a very
small range between the municipalities of Maricá (Jaconé
Beach) and Armação dos Búzios (MATTOS et al. 2009) and adja-
cent islands (Comprida and Cabo Frio) (GONZAGA & PACHECO

1990) in the state of Rio de Janeiro. Due to the extremely small
and fragmented range of this bird, it is categorized as nation-
ally Critically Endangered (MACHADO et al. 2008) and globally
and regionally Endangered (IUCN 2013, ALVES et al. 2000).

The aim of the present study was to test the hypothesis
that males and females of F. littoralis differ in the diets they eat
and in some morphometric measurements. Gender-related dif-
ferences in foraging had already been found in other passe-
rines, and we had previously observed males of this species
foraging in the vegetation above the females, which usually
feed near the ground.

MATERIAL AND METHODS

This study was conducted in a Restinga fragment with an
area of 13 hectares in Costa do Sol State Park, Araruama
(22°56’21.9"S, 42°17’58.0"W), state of Rio de Janeiro. The restinga
is sandy plain coastal vegetation covered by a mosaic of plant
communities that include many Atlantic forest species that have
various adaptations to a drier habitat (DUARTE et al. 2005). The
vegetation in the study area is characterized by dense, scrubby
thickets (ARAÚJO et al. 2009, ZIMMER & ISLER 2003), which comprise
a “Low ridge thicket formation”. Bromeliads and cacti are abun-
dant (GONZAGA & PACHECO 1990), and some of the most common
plant species in this formation are Schinus terebinthifolius Raddi,
Zollernia glabra (Spreng.) Yakovlev, and Sideroxylon obtusifolium
(Humb.ex Roem. & Schult.) (ARAÚJO et al. 2009). The scrub and
tree plant species usually have thorns and form an impenetrable
canopy that prevents light from penetrating (ARAÚJO et al. 2009).
Leguminosae is the family with the greatest number of species in
this area, followed by Cactaceae A.S.C. Cavalcanti (pers. comm.).

From December 2007 to October 2009, on a monthly ba-
sis, we captured individuals of F. littoralis for two consecutive days.

We used playback and six mist nets (12 x 2.5 m, 36 mm mesh)
for sampling. Mist nets remained open from 6:00 a.m. to 10:00
a.m. and from 3:00 p.m. to 6:00 p.m. Once a specimen was cap-
tured, we determined its sex by using the coloration of the plum-
age, and banded it with a metal ring and a unique pair of colored
bands. After banding, each specimen was weighed with a Pesola®

dynamometer (precision 0.5 g) and measured with a ruler (preci-
sion 1 mm) and caliper (precision 0.1 mm). The following mea-
surements were obtained: biomass, total length, wing length, tail
length, exposed culmen, nostril-tip, beak height at the nostril
and in the base, beak width in the nostril and in the base, tarsus
length, and length of the head to the beak tip (SICK 1997).

After this procedure, birds were kept in clean-cotton bags
for about 15 minutes in order for us to collect stool samples.
Samples from the cotton bags were stored in ethanol (70%)
and analyzed in the laboratory with a stereoscopic microscope
(Olympus SZX9). The Rio de Janeiro National Museum donated
the stomach of a male bird from Cabo Frio, and this was ana-
lyzed together with the stool samples collected from other in-
dividuals from the study area.

Food items found in stool samples and stomach were
identified to the level of order using scientific guides provided
by several authors (CALVER & WOOLER 1982, RALPH et al. 1985,
CHAPMAN & ROSENBERG 1991, RACCA-FILHO et al. 2003, MANHÃES et
al. 2010) and the assistance of specialists (J.R.M. Mermudes
and I. Mattos). Immature life stages were grouped in the food
category “Larvae” and ants were separated from the Hy-
menoptera food category and classified in the Formicidae food
category. We included this separation for two reasons: 1)
Formicidae differs from the rest of the Hymenoptera in mor-
phometric and behavioral characteristics, and 2) this separa-
tion allowed us to compare our results with those from others
studies (DELARMELINA & ALVES 2009, MANHÃES et al. 2010). Herein-
after, Hymenoptera excludes Formicidae in the analysis. The
number of individuals in each food category and in each sample
analyzed was quantified following CALVER & WOOLER (1982).
For example, symmetrical anatomical items (such as wings,
legs, elytra, and antennae) were counted in pairs.

To complement the data collected through stool samples,
we obtained observational data from monthly transects estab-
lished across the study grid, during the same period. These
transects were sampled for the duration of one day from 6:00
a.m. to 9:00 a.m. We used Nikon binoculars (8 x 42) to identify
the captured prey whenever possible. Cases when it was pos-
sible to identify the prey captured included larger prey items
such as Orthoptera, Coleoptera and Lepidoptera, because the
birds spend some time handling these prey items. This han-
dling behavior was noted in this species by ZIMMER & ISLER (2003).
Restinga Antwrens are relatively fearless and usually forage near
the observer, which enables occasional identification of the
category of prey items captured.

We calculated the relative frequency of occurrence of each
type of food category based on the number of feeding observa-
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tions with identified prey type and the minimum number of
individuals identified in each stool sample. The sum of the
relative frequencies of all prey types may exceed 100% because
of the different food items found in each stool sample. Intraspe-
cific comparison of prey consumption was performed using a
Chi-square test and contingency table. Morphometric differ-
ences between sexes were compared by a Student t test and
principal components analysis (PCA). Statistical analyses fol-
lowed ZAR (1984) and were carried out on the program Statistica,
version 10 (STATSOFT 2011).

RESULTS

We captured 81 adults of F. littoralis (40 males and 41 fe-
males), but only 58 stool samples (28 from males and 30 from
females) were obtained. We did not collect more than one sample
from the same individual. During transects, we identified 17
prey items (10 from males and 7 from females), of which beetles
(n = 5, Coleoptera) and grasshoppers (n = 7, Orthoptera) were
the most frequent. Most food items found in the diet of the
Restinga Antwren were arthropods, which were identified by
their mandibles, tibiae, claws, and heads in the stool samples.

Comparing intraspecific prey consumption, the food
categories that were most frequently found in stool samples,
stomach and observations were Coleoptera (37% for males and
38% for females) and Formicidae (28% and 30% for males and
females, respectively). Fragments of vegetable material (leaf),
Hymenoptera, and Hemiptera were found only once in stool
samples from females (Fig. 1). Since these items were not rep-
resentative of the diet, these categories were excluded from
the quantitative analysis. We did not find fruits or seeds in the
samples analyzed. There was no significant difference between
the sexes in the proportion of arthropods consumed (Chi-
squared; �2 = 2.3, �t

2 = 16.9, g.l. = 9).
The average values of morphometric measurements (mm)

and biomass (g) of males and females were relatively similar
(slightly greater values were found for males, but inconsistently
so) (Table I). Six of the morphometric variables analyzed dif-
fered significantly between the sexes: total length, wing length,
tail length, nostril-tip, beak height at the nostril, and length of
the head to the tip of the beak. Despite the dependence be-
tween the variables wing and tail length with total length (body
size), this did not influence the results, as these variables (wing
and tail length) showed significant results, when the influence
of the body size was removed (ANCOVA – wing length, r: 0.53 p
= 0.008; length of tail, r: 0.33 p = 0.031). When we applied the
Principal Component Analysis (PCA) technique with all vari-
ables together, the sexes were not separated (Fig. 2). The first
two axes explained 40% of the variation found (axis 1 – 26.9%
and axis 2 – 12.9%). The variables that most contributed to the
variation found in the first axis were total length (0.84) and
right wing (0.72), while beak width at the nostril (0.64) and
nostril-tip (0.63) associated more with the second axis.

Figure 1. Comparison between sexes of frequency (%) of food cate-
gories recorded by stool samples (male = 28, females = 30), stom-
ach (male = 1) and direct observations (male = 67, females = 68).

DISCUSSION

Males and females of F. littoralis did not differ in the com-
position of their diets, but they did differ in some morpho-
metric variables, including beak measurements. The diet of the
Restinga Antwren was composed mainly by arthropods, which
is in agreement with findings for other species of the family
Thamnophilidae (SICK 1997, ZIMMER & ISLER 2003).

When we compared the diet of F. littoralis with the diets
of species of the same genus, we observed differences in the
frequencies (distribution of food items) or food categories.
While F. littoralis consumed mainly insects in the food catego-

Figure 2. Principal Component Analysis (PCA) between Restinga
Antwren sexes with all morphometric measurements.
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ries Coleoptera and Formicidae, adults of Formicivora
erythronotos Hartlaub, 1852 (Thamnophilidae) consumed, in
descending order of frequency, Larvae, Araneae, and Coleoptera
(E. Mendonça pers. comm.). SILVA (1988), in his study on
Formicivora grisea Boddaert, 1783 (Thamnophilidae), failed to
quantify the species’ diet into food categories. The same is true
for the study of POULIN et al. (1994a), with the exception that
they found fruits in 2% of the 114 regurgitated food samples
from F. grisea. The same authors, in a subsequent work com-
paring food categories between species and different types of
vegetation, did not find any fruits in samples (n = 96) regurgi-
tated from F. grisea (POULIN et al. 1994b) and concluded that
fruit had been occasionally consumed. For F. littoralis, in terms
of plant consumption, only one stool sample from an F.littoralis
female had a small piece of leaf. This suggests that leaves are
only occasionally consumed by this species. There have been a
few notes published about the diet of Formicivora iheringi
Hellmayr, 1909 (Thamnophilidae). The species consumed
arthropods from the Orthoptera and Lepidoptera food catego-
ries, Larvae and probably Araneae (ZIMMER & ISLER 2003).
Formicivora melanogaster Pelzeln, 1868 (Thamnophilidae) also
consumed arthropods in the following food categories: Ortho-
ptera, Lepidoptera, Larvae, and Araneae (ZIMMER & ISLER 2003).
An analysis of only one stomach sample from Formicivora rufa
Wied, 1831 (Thamnophilidae), revealed that this species ate
items in the Hemiptera and Coleoptera food categories (ZIMMER

& ISLER 2003). There is no information about the diet of
Formicivora serrana Hellmayr, 1929 (Thamnophilidae).

There were large numbers of fragments of Coleoptera in
stool samples from both sexes of the Restinga Antwren. The
high frequency of Coleoptera and/or Formicidae in bird stool

samples had also been reported in other studies with passe-
rines (POULIN et al. 1994a, b, MALLET-RODRIGUES 2001, DURÃES &
MARINI 2005, LOPES et al. 2005, MANHÃES & DIAS 2008, MANHÃES et
al. 2010). These two food categories are abundant in tropical
forests, and occur in different vertical strata of the vegetation
(POULIN & LEFEBVRE 1997, DURÃES & MARINI 2005).

Differences in species or size of prey items consumed by
adults of the same species may occur due to competition for
resources or different nutritional requirements and conse-
quently a partitioning of foraging areas is expected to occur
(AINLEY & BOEKELHEIDE 1990, SHELDON et al. 1998). We did not
find significant differences between the sexes in the propor-
tion of arthropods consumed, although three different food
categories – Vegetable material (leaf), Hymenoptera, and Hemi-
ptera – which were only consumed by females, were excluded
from the analysis because they only occurred once. We did not
measure the prey items consumed because the arthropod frag-
ments were highly digested. Thus, our results did not confirm
a foraging partitioning between sexes.

Although we were not able to find differences in diet
between the sexes, morphometric data showed that males are
significantly larger than females in all measurements. HOLMES

(1986) described two factors that possibly account for mor-
phological differences between males and females. The first is
related to habitat partitioning, which reduces intraspecific com-
petition (HOLMES 1986, HEDRICK & TEMELES 1989). SELANDER (1966)
added that, as a result of intraspecific competition for resources,
some traits may vary between males and females, for instance
bill sizes, which may result in differences in diet. Significant
gender differences in morphometric traits (i.e., bill and tongue)
and foraging behavior were found for Centurus woodpeckers
(SELANDER 1966). For the Restinga Antwren, statistically signifi-
cant differences were found between the sexes in two morpho-
metric measurements of the bill (nostril-tip and bill width at
the nostril). However, we did not find differences between the
sexes in the proportion of arthropods consumed. Given that
we did not find differences in diet composition, the idea that
habitat partitioning to avoid intraspecific competition is in
place has not been corroborated. The second explanation pro-
posed for gender related morphological differences, according
to HOLMES (1986), is that intraspecific differences in morphol-
ogy and behavior are related to activities performed by each
sex during the breeding season. In this case, males may have
larger body measurements than females as a result of sexual
selection (DARWIN 1874, ANDERSSON 1982, ANDERSSON & ANDERSSON

1994, WEBSTER 1997). In species with territorial behavior, males
frequently are involved in territorial defense activities, such as
acquisition of sufficient nesting locations and fighting to ob-
tain sexual partners (EIKENAAR et al. 2009, PIPER et al. 2000). There-
fore, according to HOLMES (1986), males would forage close to
their vocalization perches and females near their nests. The
great majority of Thamnophilidae species are territorial (ZIMMER

& ISLER 2003), and F. littoralis is not an exception. Sexual size

Table I. Mean (x), standard deviation (sd), t-test result, and
corresponding probabilities of morphometric measurements
(mm) and biomass (g) of Formicivora littoralis males and females.

Measurements (mm) Males
(x ± sd)

Females
(x ± sd) t-test; probability (p)

Biomass 13.9 ± 0.72 13.0 ± 0.84 t = 0.86; p = 0.39

Total length 122.7 ± 3.52 119.0 ± 3.5 t = 3.75; p = 0.0003*

Wing length 58.2 ± 1.99 56 ± 2.19 t = 4.74; p = 0.0001*

Length of tail 55.0 ± 3.53 52.3 ± 2.32 t = 2.03; p = 0.04*

Tarsus length 21.9 ± 0.73 21.8 ± 0.67 t = 0.28; p = 0.77

Exposed culmen 14.7 ± 1.05 14.7 ± 0.62 t = 0.01; p = 0.98

Nostril-tip 9.7 ± 0.56 9.5 ± 0.49 t = 2.11; p = 0.03*

Beak height in nostril 3.6 ± 0.26 3.5 ± 0.19 t = 2.37; p = 0.01*

Beak width in nostril 3.8 ± 0.35 3.7 ± 0.21 t = 1.42; p = 0.15

Beak height in base 5.0 ± 0.51 5.0 ± 0.47 t = 0.34; p = 0.73

Beak width in base 8.3 ± 0.57 8.1 ± 0.45 t = 0.36; p = 0.71

Head to beak tip 33.8 ± 0.85 33.4 ± 0.78 t = 2.19; p = 0.03*

N total 40 41

* Significant differences (p < 0.05).
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dimorphism associated with different reproductive roles has
been described in some studies (GREENWOOD & ADAMS 1987, MEALY

2000, BLANCKENHORN 2005). These authors argue that these dif-
ferences correspond to traits that grant optimum fitness: males
that become larger and stronger get more partners, whereas
the size of females is regulated by optimum fecundity.

Our results on the diet of the Restinga Antwren, which
is comprised mainly of arthropods, confirms other results ob-
tained for Thamnophilidae. The lack of differences in diet com-
position between the sexes does not support the hypothesis
that habitat partitioning to avoid intraspecific competition is
taking place. It is possible that intraspecific differences in mor-
phology between the sexes could be a result of sexual selec-
tion, a hypothesis that needs to be tested.
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