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Abstract. To determine how different habitats affect the bird community structure is fundamental for the 
formulation of conservation strategies. Herein, we performed a comparative study on the community of 
tyrant flycatchers in a mosaic of habitats in the Cerrado, located in eastern Mato Grosso do Sul, Brazil. The 
avifauna sampling was accomplished via point count method in four habitats: grassland swamp, savanna, 
woodland savanna and semideciduous forest. Thirty-seven species were recorded, and the highest richness 
was observed in semideciduous forest (25 spp, N = 220) and woodland savanna (24 spp, N = 192). In general, 
51% of species were recorded in three or four habitats and 43% only in one habitat. The richness and 
abundance were similar among habitats, but species composition was different between grassland swamp 
and arboreal habitats. Moreover, the additive partitioning of diversity showed that the beta diversity among 
habitats (β = 15.75) is the most important contribution to regional diversity, an evidence of landscape 
heterogeneity. The preservation of all habitats is crucial for the conservation of tyrant flycatchers, once that 
environmental heterogeneity creates favorable conditions for the occurrence of species with different 
ecological traits and consequently contributes to increase the bird diversity. 
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Introduction  
 
Environmental variability is part of what deter-
mines which bird species will occupy and persist 
in a given locality, thereby shaping community 
composition and structure (Figueira et al. 2006, 
Stein et al. 2014). Since many species require mul-
tiple habitats to develop their fundamental activi-
ties, it is expected that landscapes formed by mo-
saics of habitats will be more effective for the con-
servation of bird diversity (Law & Dickman 1998, 
Fahrig 2003, Smith et al. 2011). Thus, determining 
the influence of each element in the landscape has 
considerable practical value for land managers, 
since such knowledge can be incorporated into the 
design of bird surveys and can help to predict 
how environmental disturbances can adversely af-
fect community structure (Kattan et al. 2006, 
Suarez-Rubio et al. 2013). 

In Brazil, several phytogeographic domains 
are suffering major threats due to increased defor-
estation; being the Cerrado (Brazilian Savanna) 
one of the mostly affected by human action, re-
maining only 45% of its original habitats (Klink & 
Machado 2005). The Cerrado is composed by a 
mosaic of habitats that range from dense forests 
(woodland, semideciduous forest and gallery for-

est) to open vegetation areas (grassland and grass-
land swamp) (Ribeiro & Walter 1998). The habitat 
heterogeneity and the influence pursued by adja-
cent phytogeographic domains (Atlantic Forest, 
Amazon Forest, Caatinga and Chaco), promotes 
high bird diversity within the Cerrado (Silva & 
Bates 2002). 

The tyrant flycatchers (Tyrannidae) belong to 
the most representative bird family in the Cerrado 
with 118 of a total richness estimated to 856 spe-
cies (Silva & Santos 2005). The tyrant flycatchers 
are found in all composing habitats of the Cerrado 
due to their high dispersal ability and diverse for-
aging strategies (Cintra 1997, Sick 1997). A great 
behavioral and ecological diversity within that 
family offers rich opportunities for comparative 
tests of ecological hypotheses (Traylor & Fitz-
patrick 1982). Due to its peculiarities, the objective 
of this study was to determine whether tyrant fly-
catchers community structure (richness, abun-
dance and composition) varies among the habitat 
types of the Cerrado, located in eastern Mato 
Grosso do Sul, Brazil. Our assumption is that more 
structurally complex habitats (e.g. forested habi-
tats) will show higher richness and abundance of 
birds due to higher variety of niches and resource-
exploitation strategies (MacArthur & MacArthur 
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1961, MacArthur et al. 1962); and the similarity in 
species composition will be higher in habitats with 
similar vegetation characteristics (e.g. woodland 
and semideciduos forest compared to grassland 
swamp). These data are essential for conservation, 
as they lead to more precise information on the 
importance of each landscape component for ty-
rant flycatchers. Furthermore, the Cerrado portion 
in eastern Mato Grosso do Sul has been poorly 
studied in terms of avifauna (Silva & Santos 2005), 
so this study aims to contribute to the knowledge 
of the birds in this region. 
 
 
Materials and methods 
 
We conducted the study in the “Reserva Particular do 
Patrimônio Natural Cisalpina” (RPPN Cisalpina) prop-
erty of Companhia Energética de São Paulo (CESP), with 
area of 22886 ha, located in eastern Mato Grosso do Sul 
(21°16'0.39" S and 51°54'28.96" W), Brazil (Fig. 1). The 
RPPN is a category of conservation unit created in private 
area due to its biodiversity or landscape aspect and fore-
seen by Brazilian National System of Conservation Units 
Law (Morselho 2001).  

The RPPN Cisalpina is located on a low terrain area 
with altitude ranging from 250 to 270 m, surrounded on 
the north by the Verde River and the east and south by 
the Paraná River. The climate is tropical wet according to 
Köppen’s classification, with markedly dry (April to Sep-
tember) and wet (October to March) seasons (CESP 2007). 
The annual temperature and precipitation averages are 
23.6 ºC and 1200 mm, respectively. The landscape is con-
sisted of grassland, temporary and permanent ponds, and 
patches of savanna and semideciduous forest (CESP 
2007). The grassland swamp (GrSw), savanna (Svn), 
woodland savanna (WdSvn) and semideciduos forest 
(SdFo) were the sampled habitats (for habitats description 
see Table 1). 

 
Avifauna sampling 
We conducted the sampling from July 2009 to June 2010 
by point count method with fixed radius (Bibby et al. 
1992). In each habitat, eight points with radius of 50 m 
and separated, at least, by 200 m were established. We as-
signed the sampling points inside each habitat type at 
least 150 m apart from the edge to avoid effects of adja-
cent habitats and to ensure that the registered bird species 
was in the sampled habitat. 

We performed the sampling two days per month. 
Eight points were sampled during a day, 15 min within 
each point and in two different periods: at sunrise (6:00 to 
8:30 h) and at sunset (15:30 to 18:00). We avoided rainy 
and/or very windy days, following Bibby et al. (1992). 
We discarded birds flying over the habitats or birds with 
imprecise localization.  

We used 8x42 binoculars for bird identification and 
digital recorder for vocalizations recording. We con-
firmed vocalizations with inaccurate identifications by 

playback or compared with database from the Laboratory 
of Ecology, Systematics and Conservation of Neotropical 
Birds, located at the Universidade Federal de Mato 
Grosso do Sul, Três Lagoas, MS. Species identification 
during field work was carried out with specialized litera-
ture (Mata et al. 2006, Ridgely & Tudor 2009), and scien-
tific nomenclature follows the South American Classifica-
tion Committee (Remsen et al. 2013). 

 
Data analysis 
We grouped data from the eight sampling points allo-
cated in each habitat to determine the richness and abun-
dance of species in the tyrant flycatchers community. To 
test whether the richness and abundance (dependent 
variables) differed among habitats we used a one-way 
analysis of variance (ANOVA) with Tukey post-hoc using 
habitat as the independent variable with four levels 
(GrSw, Svn, WdSvn and SdFo). Sampling effort (number 
of point count) used in the study area and habitats were 
assessed by comparing observed richness and obtained 
richness by the Jackknife 1 estimator. 

In order to check whether tyrant flycatchers diversity 
was uniform in all spatial scales and to verify what scale 
most contributed to the diversity, the additive partition-
ing method was used (Crist et al. 2003). The total diver-
sity, considered as species richness observed in the study 
area (γ diversity), was partitioned into two diversity 
components - alpha (α) and beta (β1 and β2). Both α and 
β diversities are expressed as means (Veech et al. 2002). 
We considered the α diversity as the species diversity of 
the 32 point count, β1 as the diversity among all points 
and β2 as diversity among habitats. We adopted the null 
model based on individual randomization methods to 
test if differences in observed diversity were different 
than expected by random variation in species distribution 
(Crist et al. 2003). Statistical significance was assessed by 
the proportion of null values higher or lower than the ob-
served ones (Manly 1997).  

We evaluated the spatial correlation between bird 
communities and geographic distance via Mantel test 
(Legendre & Legendre 1998). We calculated both the dis-
tance for each pair of point count and the Bray-Curtis 
(quantitative) and Sørensen (qualitative) dissimilarity in-
dexes. Mantel correlograms were performed on these re-
sults.  

To test whether species composition varied between 
habitats we used a principal coordinate analysis (PCoA). 
The dimensionality of bird communities was reduced, 
based on the standardized matrix of relative abundance 
of birds in each sampled site, using the association index 
of Bray-Curtis to abundance data and Sørensen for inci-
dence. The ordinations of quantitative data were used to 
capture the patterns displayed by the most abundant spe-
cies, as these will have the greatest quantitative contribu-
tion to the differences between habitats. While the ordina-
tion of incidence data captures the patterns of the species 
with low abundance, because the more abundant species 
generally occur in most habitats and therefore contribute 
little to the differences between habitats (Costa et al. 
2005). We adopted the Correlation coefficient (r²) of linear 
regression analysis between the final ordination distances  
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Figure 1. Map of the RPPN Cisalpina (modified from CESP, 2007) located in Mato Grosso do Sul, 
Brazil. Triangle, star, square and ball symbols correspond, respectively, to grassland swamp 
(GrSw), savanna (Svn), woodland savanna (WdSvn) and semideciduous forest (SdFo), locals 
where the sampling points were performed.  

 
 

Table 1. Description of habitats sampled for tyrant flycatchers in RPPN Cisalpina, Mato Grosso do Sul, Brazil. 
 

Code Habitat Vegetation characteristics Total  
Area (ha)* 

Sampled 
Area (ha) 

Geographic  
Coordinates** 

GrSw Grassland 
Swamp 

Flooded water bodies (~2.5m depth) with floating 
macrophyte and grasses, covering the limnetic and the 
litoral zone, respectively. 

7888 6.28 21°16'11.27"S 
51°55'54.16"W 

Svn Savanna Sparse trees, ranging from two to six meters high, with 
low density of herb and shrub layers. 

275 6.28 21°15'7.29"S 
51°53'19.52"W 

WdSvn Woodland  
Savanna 

Three well-defined vertical strata, an average canopy 
height of 13 m, trees coverings between 50% and 90% 
and emerging individuals reaching up to 18m. 

6465 6.28 21°14'24.35"S 
51°54'41.66"W 

SdFo Semideciduous 
Forest 

Evergreen and deciduous tree species, reaching up to 
30m height, with shrubs and herbaceous elements in 
understory. Lianas are very abundant, in contrast to 
the epiphytes with low abundance and richness. 

878 6.28 21°15'59.34"S 
51°52'40.18"W 

 

*Corresponds to the total area of each habitat within RPPN Cisalpina. 
**Coordinates (Lat/Long – WGS84 datum) obtained in the center of the sampled area, as shown by symbols in Fig. 1. 

 
 
with real distances (Bray-Curtis or Sørensen matrices) to 
determine how much information was recovered from 
the original distances in one or two dimensions. The 
choice of dimensionality to represent species composition 
(number of PCoA axis) was balanced between visualiza-
tion and gain of information (explained variance). 

We also performed a direct ordination plot using a 
weighted mean of PCoA scores with each species re-
corded values to determine species turnover among habi-
tats and check which species contributed to the similarity 
between them. The resulting ordination axis, which best 
described the variation on bird composition, was used as 
dependent variable in the inferential tests. We performed 

the analysis of variance (one-way ANOVA), with habitats 
as independent variable to test difference on bird compo-
sition among habitats. 

The richness estimation was obtained by the Esti-
mateS 9.1 software (Colwell 2009) and we used Partition 
3.0 software, with 1000 trials to calculate additive parti-
tion (Veech & Crist 2009). All other statistical analysis and 
graphs were carried out with the R software (R Develop-
ment Core Team 2012) with Vegan package (Oksanen et 
al. 2010), with an adopted alpha of ≤ 0.05. Moreover, all 
the assumptions of the inferential test were considered 
before the analysis. 
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Results 
 
By the end of the year, a total sampling effort of 96 
h, equally distributed among habitats and seasons 
(dry and wet), was obtained during twelve field 
expeditions. A total of 804 sightings of 37 tyrant 
flycatcher species were registered (Table 2). The 
highest richness and abundance were observed in 
SdFo (25 spp., N = 220, respectively). In the other 
hand, we observed the same abundance (N = 192) 
between the WdSnv and GrSw, but different rich-
ness (24 and 20 spp., respectively), while Svn had 
the lowest richness (16 spp., N = 200). Despite this 

variation, richness and abundance were not statis-
tically different among habitats (ANOVA, rich-
ness: F = 0.88; df = 3; p = 0.45; abundance: F = 0.51; 
df = 3; p = 0.67). 

We recorded 84% of the estimated richness 
(Jackknife 1, mean = 44.75; SD= 3.11). However, 
the estimated richness showed distinct patterns 
among habitats. The richness observed in the 
GrSw and Svn accounted 85% and 90% of the es-
timated value, mean = 23.5; SD = 1.32 and mean = 
17.75; SD = 1.15 respectively, while in other habi-
tats, these values were lower. The registered num-
ber of species was equivalent to 82% of the esti- 

 
Table 2. Richness and abundance of tyrant flycatchers recorded in the grassland swamp (GrSw), 

woodland savanna (WdSvn), semideciduous forest (SdFo) and savanna (Svn) from the Cerrado 
portion of RPPN Cisalpina, Mato Grosso do Sul, Brazil. 

 

Species GrSw WdSvn SdFo Svn Total 
Arundinicola leucocephala  9    9 
Camptostoma obsoletum  5 1 3 2 11 
Casiornis rufus   17 22 24 63 
Cnemotriccus fuscatus   25 28 35 88 
Colonia colonus    1  1 
Culicivora caudacuta 1    1 
Elaenia cristata  6 1 4  11 
Elaenia flavogaster  43 5  1 49 
Elaenia parvirostris  3    3 
Elaenia spectabilis 6    6 
Empidonomus varius   1   1 
Fluvicola albiventer    1  1 
Gubernetes yetapa  21    21 
Hemitriccus margaritaceiventer 5 14 27 30 76 
Lathrotriccus euleri    1  1 
Legatus leucophaius   4   4 
Machetornis rixosa  9    9 
Megarynchus pitangua   4 8 3 15 
Myiarchus ferox   12 6 5 23 
Myiarchus swainsoni   1 1  2 
Myiarchus tyrannulus 19 38 29 42 128 
Myiodynastes maculatus  1 6 1 6 14 
Myiopagis caniceps     1  1 
Myiopagis viridicata   16 4 6 26 
Myiophobus fasciatus  7 3 3 2 15 
Myiozetetes cayanensis  4 2 2  8 
Myiozetetes similis  4 3 1  8 
Phaeomyias murina   1 1 7 9 
Pitangus lictor    1  1 
Pitangus sulphuratus  15 13 14 15 57 
Poecilotriccus latirostris  1 13 22 15 51 
Sirystes sibilator   6   6 
Todirostrum cinereum   2 13 1 16 
Tolmomyias sulphurescens   1 4  5 
Tyrannus melancholicus  24 3 22 6 55 
Tyrannus savana  7    7 
Xolmis velatus  2    2 
Total abundance 192 192 220 200 804 
Total richness 20 24 25 16 37 
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mated value in the WdSvn (mean = 29.25; SD = 
2.56), while the observed richness in the SdFo cor-
responded to 74% (mean = 33.75; SD = 4.13). 

Among all species, 51% were recorded in three 
or four habitats and 43% only in one habitat (Table 
2). Elaenia spectabilis, E. parvirostris, Culicivora cau-
dacuta, Xolmis velatus, Gubernetes yetapa, Arundini-
cola leucocephala, Machetornis rixosa and Tyrannus 
savana were restricted only in GrSw. On the other 
hand, we detected no exclusive species in the Svn 
(Table 2). Few species had high abundance and 
the majority was composed of few individuals. In 
general, near 66% of individuals were represented 
by only seven species: Hemitriccus margarita-
ceiventer, Poecilotriccus latirostris, Cnemotriccus fus-
catus, Pitangus sulphuratus, T. melancholicus, Casior-
nis rufus and Myiarchus tyrannulus (Table 2). In the 
GrSw, only E. flavogaster, G. yetapa and T. melan-
cholicus showed high abundance, whereas in other 
habitats, M. tyrannulus and C. fuscatus were the 
most abundant. Furthermore, the habitats with 
highest species richness (SdFo and WdSvn, 25 and 
24 species, respectively) had the highest number of 
species with low abundance. 

Each point count recorded an average of 28.4% 
(α = 10.53) from the total diversity of tyrant fly-
catchers (γ = 37), significantly lower diversity val-
ues than expected if the individuals were distrib-
uted by chance (α = 10.96; p = 0.005), as suggested 
by the partition of space diversity. Conversely, the 
beta diversities observed among sites (β1 = 10.72) 
and habitats (β2 = 15.75) were significantly higher 
than expected by chance (β1 = 10.29; p = 0.006, β2 
= 10.03; p = 0.001). Furthermore, the additive par-
titioning revealed that beta diversity observed 
among habitats was the largest contributor (42.6%) 
to the total diversity of species in the studied area 
(Fig. 2).  

A strong correlation of geographical distance 
and bird community for both abundance (rm = 
0.57; p = 0.001) and incidence (rm = 0.54; p = 0.001) 
data were pointed by the Mantel test. The spatial 
correlation was significantly negative for up to 
1200 m for quantitative data (rm = 0.146; p = 0.02) 
and even 1900 m for qualitative one (rm = 0.13, p = 
0.01). As a result, points separated by distances 
above these values are not spatially correlated.  

The PCoA recovered 79% and 74% of variation 
in one axis for quantitative and qualitative data, 
respectively. Species composition was different 
among habitats (abundance: F = 95.86; df = 3; p < 
0.0001, incidence: F = 64.61; df = 3; p < 0.0001). 
However, the difference (Tukey post-hoc, abun-

dance: p < 0.0001, incidence: p < 0.0001) only oc-
curred between GrSw and arboreal habitats (Svn, 
WdSvn and SdFo) (Fig. 3). A strong variation in 
species composition among sampling sites (Fig. 4. 
- direct ordination plot with qualitative data pre-
sent a similar configuration and it is not shown) 
was shown by the direct ordination (using the 
PCoA axis from abundance). Furthermore, some 
species recorded in arboreal habitats contributed 
to the similarity between these locations, such as 
H. margaritaceiventer, P. latirostris, Myiopagis viridi-
cata, C. fuscatus, C. rufus and M. ferox.  

 
 

Discussion  
 
Tyrant flycatchers community structure  
The number of species recorded in this study cor-
responds to 31% of registered tyrant flycatchers in 
the Cerrado (Silva 1995). The comparison between 
observed and estimated richness demonstrates 
that the sampling efforts were reliable and that the 
diversity patterns found are consistent, even con-
cerning WdSvn and SdFo, which showed the low-
est estimated percentages. It is important to stand 
out that the larger number of species with low 
abundance occurring in these habitats has strongly 
influenced the estimated local richness (Gaston 
1994, Gaston & Blackburn 1996, Magurran 2004). 

Species richness and abundance of birds typi-
cally increase in areas with more shrubs and trees 
(Tews et al. 2004, Batáry et al. 2014). In this study, 
however, there were no differences in these pa-
rameters between the habitats. Similar results 
were already recorded in other studies in the Cer-
rado. Curcino et al. (2007) registered a similar 
richness of tyrant flycatchers on gallery forest and 
savanna (12 and 14 species, respectively), and La-
ranjeiras et al. (2012) did not found differences in 
species richness among semideciduous forest, sa-
vanna and grassland habitats (9, 11 and 9 species, 
respectively). Our results may have two main 
causes: 1) the forested habitats (WdSvn and SdFo) 
may require more hours of sampling to assess the 
real richness, as shown by values of the estimated 
richness; 2) and the forested habitats may have 
suffered severe disturbances historically, that re-
sulted in the change of vegetation structure in 
time. Piratelli & Blake (2006) in a study conducted 
in the Cerrado, indicated this last cause as a reason 
to explain why forested habitats present a smaller 
diversity of birds than savanna.  

Some species with low abundance may be 
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casual records and should not be closely associ-
ated with specific characteristics of the vegetation 
habitats in which they were recorded (Karr 1997). 
In the GrSw, for example, two (P. latirostris and 
Myiodynastes maculatus) of three species that had a 
single record are birds strongly associated with 
forested areas, while in the WdSvn, four (E. 
cristata, Camptostoma obsoletum, Phaeomyias murina 
and M. swainsoni) of six species are composed by 
only one individual common to open areas (Silva 
1995). 

Some species were abundant in all habitats, 
which can be an evidence of flexibility on habitat 
use (Figueira et al. 2006). By measuring the num-
ber of habitats in which birds occur, it is possible 

to determine whether a species is specialist or 
generalist in habitat use (Stotz et al. 1996). The 
most abundant species, C. fuscatus and M. tyrannu-
lus, were registered in different habitats, which 
should be one of the reasons for their dominance 
in the Cerrado (Curcino et al. 2007, Telles & Dias 
2010). The ability to exploit different niches and 
thus obtain a wide variety of resource allows cer-
tain species to have a high abundance (Gregory & 
Gaston 2000). The species co-occurrence among 
habitats is also probably related to the proximity 
and similarity of certain habitats types (Telles & 
Dias 2010), which facilitates the movement and 
exploration of habitat by birds (Law & Dickman 
1998). Some studies pointed out a movement of  

 

    
 
 

 
 

Figure 3. Variation of quantitative (A) and qualitative (B) composition of tyrant flycatchers commu-
nity in relation to habitats types (GrSw = grassland swamp, Svn = savanna, WdSvn = woodland sa-
vanna and SdFo = semideciduous forest), RPPN Cisalpina, Mato Grosso do Sul, Brazil. 

Figure 2. Additive partitioning of 
diversity of tyrant flycatchers in 
the RPPN Cisalpina, Mato Grosso 
do Sul, Brazil. Values are ex-
pressed as percentages of total 
diversity explained for each hier-
archical level. Diversity observed: 
α = 10.53, β1 = 10.71; β2 = 15.75. 
Diversity expected: α = 10.95; β1 
= 10.29; β2 = 10.02. 
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Figure 4. Quantitative distribution of tyrant flycatchers along the sampling points in RPPN Cisal-
pina, Mato Grosso do Sul, Brazil. White, black, light gray and dark gray bars correspond to the 
GrSw, Svn, WdSvn and SdFo, respectively (the qualitative distribution plot presents similar con-
figuration thus it is not shown). 

 
 

birds between adjacent arboreal habitats in the 
Cerrado, which was determined for obtainment of 
supplemental food resources (Cavalcanti 1999, 
Tubelis et al. 2004, Piratelli & Blake 2006). These 
findings enhance the importance of habitat het-
erogeneity on maintenance and increasing of local 
bird diversity (Tubelis et al. 2004, Laranjeiras et al. 
2012). 

Species with high abundance and registered in 
different habitats were common in arboreal habi-
tats (WdSvn, Svn and SdFo), while a higher num-

ber of exclusive species was found in GrSw. This is 
related to differences in vegetation characteristics 
of this latter habitat and to biology of bird species 
found in such habitat (Tews et al. 2004, Posso et al. 
2013). The species belonging to the GrSw are birds 
with specific skill to forage in open areas (Fitz-
patrick 1980) as found in the soil-foraging species 
X. velatus and M. rixosa. Moreover, the GrSw areas 
provide suitable habitat for nesting of some spe-
cies: C. caudacuta uses small bushes to support 
their nest (Sousa & Marini 2007) and T. savana pre-
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fers open areas for nesting (Marini et al. 2009).  
 

Tyrant flycatchers distribution and similarity 
Despite similar values of richness, GrSw presented 
clearly different species composition when com-
pared to arboreal habitats. It demonstrates that 
only richness values can disguise community pat-
terns, since the number of species can be the same, 
but with completely distinct species composition 
(Loyola et al. 2006). The different composition of 
tyrant flycatchers between arboreal and grassland 
habitats, corroborates that vegetation structure is 
an important factor for animal community organi-
zation (Rotenberry 1985, Manica et al. 2010, Becker 
et al. 2013, Hovick et al. 2014). The increase in ver-
tical stratification in arboreal habitats is pointed to 
promote higher variety of niches and hence allows 
the occurrence of different species (MacArthur & 
MacArthur 1961, Gao et al. 2014). The species 
turnover associated with the stratum increase was 
already observed in savanna areas in different 
stages of conservation in the Cerrado (Tubelis & 
Cavalcanti 2000, 2001).  

The highest similarity in species composition 
among arboreal habitats was previously expected, 
since they shared similarity in structure, microcli-
mate, resource availability, and host species with 
similar ecological characteristics among them (Fi-
gueira et al. 2006). Furthermore, this result dem-
onstrates the importance of this type of habitat for 
the conservation of birds in the Cerrado (Piratelli 
& Blake 2006), where nearly 50% of bird species 
that reproduces in this region are dependent on 
forests (Silva & Santos 2005). 

The decreased birds’ similarity with the in-
crease of the geographical distance among sam-
pling sites occurs due to spatial variation of envi-
ronmental characteristics and ability of species to 
adapt to these variations (Nekola & White 1999, 
Soininen et al. 2007). The closest sampling sites 
were generally found in the same habitat; conse-
quently they present similar species composition. 
Vegetation type starts to change only above 1400 
m of distance between points, which results in 
species substitution throughout this spatial gradi-
ent, especially among arboreal habitats and grass-
land swamps. The partition additive corroborates 
this hypothesis, since the diversity between points 
(α) was lower than expected by chance, which can 
be explained by aggregation of species with simi-
lar ecological requisites (Shorrocks & Sevenster 
1995, Veech 2005). In addition, the beta diversity 
among habitat (β2) showed strong contribution in 

bird diversity of study area (gama diversity), 
showing that richness of tyrant flycatchers is in-
fluenced by spatial heterogeneity of the landscape, 
as found for bird in general (Fleishman et al. 2003, 
Veech & Crist 2007). Although most of the species 
were often found in many habitats, the bird com-
munity presented high beta diversity due to varia-
tion of the landscape (Signor & Pinho 2011). The 
existent variation of vegetation characteristics 
mainly among arboreal (WdSvn, Svn, SdFo) and 
open habitats (GrSw) favors the occurrence of spe-
cies with different ecological traits (e.g. exclusive 
species found in habitats) and consequently con-
tributes to the increasing in γ diversity. 

In conclusion, we emphasize that the preser-
vation of all habitats is crucial for the diversity 
conservation of tyrant flycatchers for two main 
reasons. Firstly, the existing environmental het-
erogeneity creates favorable conditions for the in-
crease of bird diversity (Moreno & Halffter 2001, 
Balvanera et al. 2002, Veech et al. 2002, Huang et 
al. 2014). Since many species were restricted to a 
single habitat, the loss of these habitats could lead 
to a local extinction of exclusive species (e.g. spe-
cies found in GrSw). Moreover, even the Svn not 
showing exclusive species, characteristic species of 
this habitat (e.g. Melanopareia torquata, Neothraupis 
fasciata and Cypsnagra hirundinacea) belonging to 
other families were not evaluated in our study. 
The other reason is that the similarity among arbo-
real habitats may favor the maintenance of many 
species, since it increases the number of habitats 
available for birds to develop their activities (Law 
& Dickman 1998, Figueira et al. 2006). In the Cer-
rado, the habitat specialization is considered ex-
tremely uncommon (Stotz et al. 1996), so forest 
species also need savanna habitats (e.g. Svn) to 
live (Tubelis et al. 2004). We understand the meth-
odological limitations of our study, since we do 
not have habitat replications. However, our results 
showed a clear difference between open and arbo-
real habitats, an indication of the influence of the 
local vegetation characteristics on the species 
composition. We suggest that future studies 
should address both local (e.g. vegetation charac-
teristics) and regional effects (e.g. landscape com-
position) to understand how bird community 
structure may be affected. 
 
 
 
Acknowledgments. Our appreciation and thankfulness to 
the Companhia Energética do Estado de São Paulo 
(CESP) for authorization and allowance of the studied 



Tyrannidae community in the Cerrado ecoregion 
 

433

area. Many thanks to Fernando Brandão, Paraguai, 
Carmosa, Sebastião and Luzia for their support and 
housing. Our most sincere gratitude for the valuable 
contribution of the following: Débora C. P. Sales de 
Aquino, Fernando Straube, João Batista de Pinho, José 
Ragusa Netto, Reginaldo José Donatelli and Renato 
Cintra. We send thanks to M. F. Martins-Ortiz and J. L. 
Holladay for the English revision. J.C. Morante Filho 
would also like to express his recognition to the Programa 
de Pós Graduação em Ecologia e Conservação da 
Universidade Federal de Mato Grosso do Sul and also to 
the Coordenação de Aperfeiçoamento de Pessoal de 
Ensino Superior (CAPES) for the financial support for this 
study. N. L. Cunha thanks the Fundação de Apoio ao 
desenvolvimento do Ensino, Ciência e Tecnologia do 
Estado de Mato Grosso do Sul (FUNDECT, grant N° 
22/2010) and Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior (CAPES, grant nº BEX 4915/13-
5) for research support. 
 
 
 
References 
 
Balvanera, P., Lott, E., Segura, G., Siebe, C., Islas, A. (2002): Patterns 

of diversity in a Mexican tropical dry forest. Journal of 
Vegetable Science 13: 145-158. 

Batáry, P., Fronczek, S., Normann, C., Scherber, C., Tscharntke, T. 
(2014): How do edge effect and tree species diversity change 
bird diversity and avian nest survival in Germany’s largest 
deciduous forest? Forest Ecology and Management 319: 44-50.  

Becker, R.G., Paise, G., Pizo, M.A. (2013): The structure of bird 
communities in areas revegetated after mining in southern 
Brazil. Revista Brasileira de Ornitologia 21: 221-234. 

Bibby, C.J., Burgess, N.D., Hill, D.A. (1992): Birds census 
techniques. Academic Press, London, United Kingdon. 

Cavalcanti, R.B. (1999): Bird species richness and conservation in 
the Cerrado Region of Central Brazil. Journal of Avian Biology 
19: 244-249. 

Cintra, R. (1997): Spatial distribution and foraging tactics of tyrant 
flycatchers in two habitats in the Brazilian Amazon. Studies on 
Neotropical Fauna and Environment 32: 17-27. 

Colwell, R.K. (2009): EstimateS: Statistical estimation of species 
richness and shared species from samples. 
<http://viceroy.eeb.uconn.edu/EstimateS>, accessed at 
2012.06.20. 

Companhia Energética de São Paulo (CESP) (2007): Plano de 
Manejo para a RPPN Cisalpina. Relatório interno não publicado. 
São Paulo, Brazil. 

Costa, F.R.C., Magnusson, W.E., Luizão, R.C. (2005): Mesoscale 
distribution patterns of Amazonian understorey herbs in 
relation to topography, soil and watersheds. Journal of Ecology 
93: 863-878. 

Crist, T.O., Veech, J.A., Gering, J.C., Summerville, K.S. (2003): 
Partitioning species diversity across landscapes and regions: a 
hierarchical analysis of α, β and γ diversity. The American 
Naturalist 162: 734-743. 

Curcino, A., Sant’Ana, C.E.R., Heming, N.M. (2007): Comparação 
de três comunidades de aves na região de Niquelândia, GO. 
Revista Brasileira de Ornitologia 15(4): 574-584. 

Fahrig, L. (2003): Effects of habitat fragmentation on biodiversity. 
Annual Review of Ecology, Evolution, and Systematics 34: 487-
515. 

Figueira, J.E.C., Cintra, R., Viana, L.R., Yamashita, C. (2006): Spatial 
and temporal patterns of bird species diversity in the Pantanal 
of Mato Grosso, Brazil: implications for conservation. Brazilian 
Journal of Biology 66: 393-404. 

Fitzpatrick, J.W. (1980): Foraging behavior of Neotropical Tyrant 
Flycatchers. The Condor 82: 43-57. 

Fleishman, E., Betrus, C.G., Blair, R.B. (2003): Effects of spatial scale 
and taxonomic group on partitioning of butterfly and bird 
diversity in the Great Basin, USA. Landscape Ecology 18: 675-
685. 

Gaoa, T., Hedblom, M., Emilsson, T., Nielsen, A.B. (2014): The role 
of forest stand structure as biodiversity indicator. Forest 
Ecology and Management 330: 82-93. 

Gaston, K.J. (1994): Rarity. Chapman & Hall, London, United 
Kingdon. 

Gaston, K.J., Blackburn, T.M. (1996): The spatial distribution of 
threatened species: macro-scales and New World birds. 
Proceedings of the Royal Society B: Biological Sciences 263: 235-
240. 

Gregory, R.D., Gaston, K.J. (2000): Explanations of commonness 
and rarity in British breeding birds: separating resource use and 
resource availability. Oikos 88: 515-526. 

Hovick, R., Elmore, D., Fuhlendorf, S.D. (2014): Structural 
heterogeneity increases diversity of non-breeding grassland 
birds. Ecosphere 5: art.62. 

Huang, Q., Swatantran, A., Dubayah, R., Goetz, S.J. (2014): The 
Influence of Vegetation Height Heterogeneity on Forest and 
Woodland Bird Species Richness across the United States. PLoS 
ONE 9(8): e103236. 

Karr, J.R. (1997): Ecological correlates of rarity in a tropical forest 
bird community. The Auk 94: 240-247. 

Kattan, G.H., Franco, P., Saavedra-Rodríguez, C.A., Valderrama, C., 
Rojas, V., Osório, D., Martinez, J. (2006): Spatial components of 
bird diversity in the Andes of Colombia: Implications for 
designing a regional reserve system. Conservation Biology 20: 
1203-1211. 

Klink, C.A., Machado, R.B. (2005): A conservação do Cerrado 
brasileiro. Megadiversidade 1: 147-155. 

Laranjeiras, T.O., Moura, N.G., Vieira, L.C.G., Angelini, R., 
Carvalho, A.R. (2012): Bird communities in different 
phytophysiognomies of the cerrado biome. Studies on 
Neotropical Fauna and Environment 47(1): 41-51. 

Law, B.S., Dickman, C.R. (1998): The use of habitat mosaics by 
terrestrial vertebrate fauna: implications for conservation and 
management. Biodiversity and Conservation 7: 327-333. 

Legendre, P., Legendre, L. (1998): Numerical Ecology. Elsevier, 
Amsterdam. 

Loyola, R.D., Brito, S.L., Ferreira, R.L. (2006): Ecosystem 
disturbances and diversity increase: implications for 
invertebrate conservation. Biodiversity and Conservation 15: 25-
42. 

Macarthur, R.H., Macarthur, J.W. (1961): On bird species diversity. 
Ecology 43: 594-598. 

Macarthur, R.H., Macarthur, J.W., Preer J. (1962): On bird species 
diversity: Prediction on birds census from habitat 
measurements. The American Naturalist 46: 167-174.  

Magurran, A.E. (2004): Measuring biological diversity. Blackwell 
Publishing, Oxford, United Kingdon.  

Manica, L.T, Telles, M., Dias, M.M. (2010): Bird richness and 
composition in a fragment in the State of Sao Paulo. Brazilian 
Journal of Biology 70(2): 243-54. 

Manly, B.F.J. (1997): Randomization, bootstrap, and Monte Carlo 
methods in biology. Chapman and Hall, New York. 

Marini, M.Â., Lobo, Y., Lopes, L.E., França, L.F., Paiva, L.V. (2009): 
Biologia reprodutiva de Tyrannus savana (Aves, Tyrannidae) em 
cerrado do Brasil Central. Biota Neotropica 9: 55-63. 

Mata, J.R.R., Erize, F., Rumboll, M.A. (2006): Field guide to the birds 
of South America. Collins, London, United Kingdon. 

Moreno, C.E., Halffter, G. (2001): Spatial and temporal analysis of 
alfa, beta and gama diversities of bats in a fragmented 
landscape. Biodiversity and Conservation 10: 367-382. 

Morselho, C. (2001): Áreas protegidas públicas e privadas: seleção e 
manejo. Annablume: Fapesb, São Paulo. 

Nekola, J.C., White, P.S. (1999): The distance decay of similarity in 
biogeography and ecology. Journal of Biogeography 26: 867-878. 



J.C. Morante-Filho et al. 
 

434

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., O'Hara, R.G., 
Simpson, G.L., Solymos, P., Stevens, M.H.H., Wagner, H. (2010): 
Vegan: Community Ecology Package. Version 1.17-1. 
<http://CRAN.R-project.org/package=vegan, accessed on 
2012.03.18.>  

Piratelli, A., Blake, J.G. (2006): Bird communities of the 
southeastern cerrado region, Brazil. Ornitología Neotropical 
17(3): 213-225. 

Posso, S.R., Freitas, M.N., Bueno, F.A., Mizobe, R.S., Morante Filho, 
J.C., Ragusa-Neto, J. (2013): Avian composition and distribution 
in a mosaic of cerrado habitats (RPPN Parque Ecológico João 
Basso) in Rondonópolis, Mato Grosso, Brazil. Revista Brasileira 
de Ornitologia 21: 243-256. 

R Development Core Team (2012): R: A language and environment 
for statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria. 

Remsen, J.V., Cadena, C.D., Jaramillo, A., Nores, M., Pacheco, J.F., 
Pérez-Emán, J., Robbins, M.B., Stiles, F.G., Stotz, D.F., Zimmer, 
K.J. (2013): A classification of the bird species of South America. 
American Ornithologists' Union. <www.museum.lsu.edu/ 
~Remsen/SACCBaseline.html>, accessed at 2013.11.22. 

Ribeiro, J.F., Walter, B.M.T. (1998): Fitofisionomias do bioma 
Cerrado. pp. 89–166. In: Sano, S.M., Almeida, S.P. (eds.), 
Cerrado: ambiente e flora. Planaltina: EMBRAPA-CPAC. 

Ridgely, R.S., Tudor, G. (2009): Field guide to the songbirds of 
South America: The Passerines. University of Texas Press, 
Austin, United States of America. 

Rotenberry, J.T. (1985): The role of habitat in avian community 
composition: physiognomy or floristics? Oecologia 67: 213-217. 

Shorrocks, B., Sevenster, J.G. (1995): Explaining local species 
diversity. Proceedings of the Royal Society B: Biological Sciences 
260: 305-309. 

Sick, H. (1997): Ornitologia brasileira. Nova Fronteira, Rio de 
Janeiro, Brazil. 

Signor, C.A., Pinho, J.B. (2011): Spatial diversity patterns of birds in 
a vegetation mosaic of the Pantanal, Mato Grosso, Brazil. 
Zoologia 28: 725-738. 

Silva, J.M.C. (1995): Birds of Cerrado region, South America. 
Steenstrupia 21: 69-92. 

Silva, J.M.C., Bates, J.M. (2002): Biogeographic patterns and 
conservation in the South American cerrado: A tropical savanna 
hotspot. Bioscience 52: 225-230. 

Silva, J.M.C, Santos, M.P.D. (2005): A importância relativa dos 
processos biogeográficos na formação da avifauna do Cerrado e 
de outros biomas brasileiros. pp. 221-233. In: Scariot, A. Sousa-
Silva, J.C., Felfili, J.M. (eds), Cerrado: ecologia, biodiversidade e 
conservação. Universidade de Brasilia, Brasilia, Brazil. 

Smith, A.C., Fahrig, L., Francis, C.M. (2011): Landscape size affects 
the relative importance of habitat amount, habitat 
fragmentation, and matrix quality on forest birds. Ecography 34: 

103-113. 
Soininen, J., McDonald, R., Hillebrand, H. (2007): The distance 

decay of similarity in ecological communities. Ecography 30: 3-
12. 

Sousa, N.O.M., Marini, M.Â. (2007): Biologia de Culicivora caudacuta 
(Aves: Tyrannidae) no Cerrado, Brasília, DF. Revista Brasileira 
de Ornitologia 15: 569-573. 

Stein, A., Gerstner, K., Kreft, H. (2014): Environmental 
heterogeneity as a universal driver of species richness across 
taxa, biomes and spatial scales. Ecology Letters 17: 866-880. 

Stotz, D.F., Fitzpatrick, J.W. Parker III, T.A., Moskovits, D.K. (1996): 
Neotropical birds: ecology and conservation. University of 
Chicago Press, Chicago.  

Suarez-Rubio, M., Wilson, S., Leimgruber, P., Lookingbill. T. (2013): 
Threshold responses of forest birds to landscape changes 
around exurban development. PLoS ONE 8(6): e67593.  

Telles, M., Dias, M.M. (2010): Bird communities in two fragments of 
Cerrado in Itirapina, Brazil. Brazilian Journal of Biology 70(3): 
537-550. 

Tews, J., Brose, U., Grimm, V., Tielbörgerl, K., Wichmann, M.C., 
Schwager, M., Jeltsch, F. (2004): Animal species diversity driven 
by habitat heterogeneity/diversity: the importance of keystone 
structures. Journal of Biogeography 31: 79-92. 

Traylor, M.A., Fitzpatrick, J. (1982): A survey of tyrant flycatchers. 
Living Bird 19: 7-50. 

Tubelis, D.P., Cavalcanti, R.B. (2000): A comparison of bird 
communities in natural and disturbed non-wetland open 
habitats in the Cerrado’s central region, Brazil. Bird 
Conservation International 10: 331-350. 

Tubelis, D.P., Cavalcanti, R.B. (2001): Community similarity and 
abundance of bird species in open habitats of a central Brazilian 
Cerrado. Ornitologia Neotropical 12: 57–73. 

Tubelis, D.P., Cowling, A., Donnelly, C. (2004): Landscape 
supplementation in adjacent savannas and its implications for 
the design of corridors for forest birds in the central Cerrado, 
Brazil. Biological Conservation 118(3): 353-364. 

Veech, J.A., Summerville, K.S., Crist, T.O., Gering, J.C. (2002): The 
additive partitioning of species diversity: recent revival of an 
old idea. Oikos 99: 3-9. 

Veech, J.A. (2005): Analyzing patterns of species diversity as 
departures from random expectations. Oikos 108: 149-155. 

Veech, J.A., Crist, T.O. (2007): Habitat and climate heterogeneity 
maintain beta-diversity of birds among landscapes with 
ecoregions. Global Ecology and Biogeography 16: 650-656. 

Veech, J.A., Crist, T.O. (2009): PARTITION: software for 
hierarchical partitioning of species diversity. Version 3.0. 
<www.users.muohio.edu/cristto/partition.htm>, accessed at 
2012.03.18. 

 
 

 
 
 




