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Perspective
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eastern Brazilian mountaintops: a review

ANDERSON V. CHAVES1,2*, GUILHERME H. S. FREITAS3, MARCELO F. VASCONCELOS4 &

FABR�ICIO R. SANTOS1

1Departamento de Biologia Geral, Universidade Federal de Minas Gerais, Av. Antônio Carlos, 6627, CEP 31270-901,
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CEP 35690-000, Florestal, Brazil
3Departamento de Zoologia, Universidade Federal de Minas Gerais, CP 486, Belo Horizonte, Brazil
4Museu de Ciências Naturais, Pontif�ıcia Universidade Cat�olica de Minas Gerais, Av. Dom Jos�e Gaspar, 290, CEP 30535-610,
Belo Horizonte, Brazil

(Received 15 January 2013; accepted 11 August 2014)

We review the main biogeographic and phylogenetic hypotheses about the origin and distribution of the endemic birds
from Brazilian mountaintops, a heterogeneous group composed of hummingbirds and passerines living in high-altitude
open habitats of campos rupestres, campos de altitude and campos sulinos from southern to north-eastern Brazilian
mountaintops (Espinhaço Range, Serra do Mar, Serra da Mantiqueira and Serra Geral). Some authors consider that these
birds are probably closely related to other species distributed in cooler areas of South America. We used ranges of these
birds, spatial pattern and discontinuities in the distribution of phytophysiognomies to determine potential geographic
barriers to dispersal and centres of origin and speciation. We reanalysed biogeographical hypotheses regarding the
evolution of the endemic birds from Brazilian mountaintops and their habitats in the light of recent phylogenetic
reconstructions that included some of these species. The evolutionary histories of the species Augastes scutatus, Augastes
lumachella, Formicivora grantsaui, Polystictus superciliaris and Embernagra longicauda are difficult to assess due to lack
of phylogenies that establish their systematic position. For Asthenes luizae, Asthenes moreirae, Cinclodes pabsti and C.
espinhacensis, the phylogenies estimate also their lineage divergence times, which allows for inferences concerning
connections between the biota of eastern Brazil, southern South America and the Andean mountains. We also identified 26
lowland regions between the mountains that were potentially barriers to dispersal. Phylogenetic relationships strongly
highlight the importance of connecting paths and speciation through the south, especially in the cooler areas in South
America. These patterns show that eastern Brazil, southern South America and the central and northern Andes are four
important centres of origin and radiation for the endemic birds from the eastern Brazilian mountains.

Key words: campos de altitude, campos rupestres, disjunct distribution, Espinhaço Range, geographic barriers, highlands,
phylogeny, relictuation, Serra da Mantiqueira, vicariance

Introduction
The mountains of eastern Brazil harbour a rich diversity of

soils and rocky substrates, a variety of micro-climatic

regions and a complex vegetation cline along altitudinal gra-

dients that supports a high rate of plant endemism (Giullieti,

Pirani & Harley, 1997; Harley, 1995; Rapini, Ribeiro, Lam-

bert, & Pirani, 2008; Safford, 1999). Relatively little is

known about the ecology, biogeography and natural history

of this endemic montane biota (Behling, 1998; Rapini,

Ribeiro, Lambert & Pirani, 2008). Endemic birds of the

mountaintops in eastern Brazil form a heterogeneous group

of species of hummingbirds and passerines living in

unique high-altitude habitats known as High Altitude Rocky

Complexes (Benites, Shaefer, Simas, & Santos, 2007; Frei-

tas, Chaves, Costa, Santos, & Rodrigues, 2012; Vasconce-

los, 2008). These habitats are characterized by a series of

open vegetation types and are restricted to the highest areas

of the mountains and hills from south-eastern to north-east-

ern Brazil (Martinelli, 2007; Safford, 1999). The mountain

ranges included in this study are the Espinhaço Range (in

which the dominant vegetation is campos rupestres, usually*Correspondence to: Anderson Vieira Chaves. E-mail: avc.
bio@gmail.com

ISSN 1477-2000 print / 1478-0933 online

� The Trustees of the Natural History Museum, London 2014. All Rights Reserved.

http://dx.doi.org/10.1080/14772000.2014.972477

Systematics and Biodiversity (2015), 13(1): 1�16

Published online 13 Nov 2014

mailto:avc.bio@gmail.com
mailto:avc.bio@gmail.com
http://dx.doi.org/10.1080/14772000.2014.972477


distributed above 900 m); Serra do Mar and Serra da Manti-

queira (both with campos de altitude as the dominant vege-

tation, distributed mainly above 1500 m); and Serra Geral

(in which the dominant vegetation is campos sulinos)

(Fig. 1). These areas are patchily distributed and naturally

fragmented, similar to islands of different sizes and distan-

ces between them.

Despite these environments having the highest diversity

of endemic plants in Brazil (Giullieti, Pirani & Harley,

1997; Martinelli, 2007; Safford, 1999), only 3% of the local

avifauna comprise species restricted to the high-altitude

open habitats (Vasconcelos & Rodrigues, 2010). Endemic

birds from the eastern Brazilian mountains include: two

hummingbirds, Augastes lumachella, which is restricted to

the northern Espinhaço Range (Fig. 2a) and Augastes scuta-

tus, endemic to the central-southern Espinhaço Range

(Fig. 2b); one antbird, Formicivora grantsaui, a recently

described species restricted to the northern Espinhaço

Range (Fig. 2g); four ovenbirds, Cinclodes pabsti is

endemic to the Serra Geral in southern Brazil (Fig. 2d), and

C. espinhacensis was recently discovered at the high eleva-

tion campos rupestres in the southern Espinhaço Range in

the Serra do Cip�o region (Fig. 2c), Asthenes luizae is

restricted to the central-southern Espinhaço Range (Fig. 2e)

and Asthenes moreirae from the campos de altitude of Serra

da Mantiqueira and Serra do Mar, and campos rupestres of

Serra do Caraça in southern Espinhaço Range (Fig. 2f);

one tyrant-flycatcher, Polystictus superciliaris, which

presents populations spread throughout the Espinhaço

Range, Serra do Mar, Serra da Mantiqueira and Serra da

Canastra (Fig. 2h); and one tanager, Embernagra longi-

cauda, widespread throughout the Brazilian mountains

(except southern

Brazil) with populations on the Espinhaço Range, Serra da

Mantiqueira and Serra do Capara�o (Fig. 2i).

Initial systematic studies attempted to classify these

species based on their morphological characteristics, ecol-

ogy, habitat type and behaviour; several authors classified

some of these endemic birds with species distributed in

the cooler areas of South America, such as southern Bra-

zil, Pampas, Patagonia, Chaco and the high Andes

(Fjeldsa
�
& Krabbe, 1990; Schuchmann, 1999; Sibley &

Monroe, 1990; Sick, 1985; Silva, 1995). Thus, the isolated

occurrence of these species at high altitudes in eastern

Brazilian mountains suggests a discontinuity in the distri-

bution of these lineages. Disjunct distributions of popula-

tions are a first step in the process of allopatric speciation,

a well-recognized part of the evolution of most taxa of

Neotropical birds (Aleixo, 2004; Cheviron, Capparella, &

Vuilleumier, 2005; Fjeldsa
�
, 1994).

Evidence for inferences regarding the timing of specia-

tion events of endemic birds from Brazilian mountaintops

is still scarce, and independent molecular dating

approaches could provide important information for the

testing and formulation of hypotheses and interpretations

such as those presented here. Recent studies have been

conducted to estimate divergence times from cladograms

based on DNA mutation rates (Barker, Burns, Klicka,

Lanyon, & Lovette, 2013; Burns et al., 2014; Derryberry,

Claramunt, Derryberry, Chesser, Cracraft, Aleixo &

Brumfield, 2010, 2011; Freitas et al., 2012; Ohlson,

Fjeldsa
�
& Ericson, 2008). Even though these figures can

be biased, those estimates provide realistic parameters for

estimating the time of evolutionary changes.

In this paper, we review the main biogeographic and

phylogenetic hypotheses that explain the origin and distri-

bution of the endemic birds from the eastern Brazilian

mountains. In the section ‘Biogeographic relationships

and landscape evolution’ we discuss the early biogeo-

graphic hypotheses about these birds in the context of the

geological and climatic changes in South America for

each period related to these assumptions. Besides we also

discuss how vicariance, dispersion or relictuation pro-

cesses could have promoted the evolution of these birds.

In the section ‘Diversification of the endemic birds from

the eastern Brazilian mountains’ we use the recently phy-

logenetic reconstructions and dating estimates of ancestral

lineage splits to reanalyse biogeographic hypotheses and

to identify possible centres of origin and speciation in

South America. Because there are only a few endemic

species in such environments, we detail the analysis of

each case in order to discuss and enhance the understand-

ing of events involved in their diversification. In the sec-

tion ‘Discontinuities and biogeographic barriers in eastern

Brazil’ we present the spatial configuration and distribu-

tion in ‘islands’ of the high-altitude open habitats and gen-

eral patterns of the distribution of these endemic birds to

determine possible barriers to dispersal. Our approach

includes a complete literature review and a detailed exam-

ination of issues of systematics, ornithology and biogeog-

raphy that address the target species of this study, or other

taxa treated as related to these birds.

Biogeographic relationships and
landscape evolution
The biogeographic history of the South American biota

has been explained by many hypotheses, drawing upon

different processes related to the history of colonization

of the current biogeographic provinces. These include the

theory of Pleistocene refugia (Haffer, 1974), the diagonal

connections of dry open formations (Vanzolini, 1963) and

the seasonally dry tropical forests (Prado, 2000; Werneck,

Costa, Colli, Prado, & Sites, 2011). Only a few studies

concern the connections between the biota of the eastern

Brazilian mountains with other biogeographic provinces

of South America (Harley, 1995; Safford, 2007; Sick,

1985; Silveira & Cure, 1993; Simpson-Vuilleumier, 1971;

Vielliard, 1990a), and a reappraisal of the biogeographic

2 A. V. Chaves et al.



Fig. 1. The main mountain range of Brazil.
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Fig. 2. Geographic distribution of the endemic birds from Brazilian mountaintops. Letters are the geographic barriers shown in Fig. 4.
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hypotheses of the endemic birds of eastern Brazilian

mountaintops suggests complex sets of distinct evolution-

ary histories.

Main climate and geological events

It has been assumed that the intensive phase of the

Andean uplift in the Middle Miocene was the major geo-

logical event that changed the relationships of the biota of

most regions in South America. The effect of this tectonic

event was the elevation of the Brazilian Plateau and subsi-

dence of the Llanos, Chaco and Pantanal in the Upper Pli-

ocene, and the elevation of Serra do Mar and Serra da

Mantiqueira in the Pleistocene (Petri & F�ulfaro, 1983;
Silva, 1995; Ort�ız-Jaureguizar & Cladera, 2006; Zanella,

2011). The subsidence of Chaco led to extensive marine

flooding, aeolian sediment deposition and dry and cold

climates culminating in the establishment of xeric vegeta-

tion (Iriondo & Garcia, 1993). This geological event split

up the South America biota, separating the endemic Bra-

zilian mountaintop birds from their Andean, Pampean,

Patagonian and Chacoan relatives. Furthermore, faunal

interchange within southern South America was also

influenced by various glaciations and successive marine

transgressions in the Upper and Middle Miocene that sep-

arated the Brazilian Shield from the Andean region and

the Guyana Shield (Zanella, 2011). This separation likely

occurred in the Late Miocene-Pliocene, forming an arid

corridor in Patagonia, and causing the colonization of the

southeastern Brazilian highlands and the Andean region

(Rabassa, Coronato, & Salemme, 2005).

Biogeographic affinities along similar

climatic zones

Remarkable biogeographic affinities have been recog-

nized along the ‘V’-shaped cooler areas, from southern

Patagonia towards the Andean region and the eastern Bra-

zilian mountains (Sick, 1970, 1985, 1997; Silva, 1995,

1997; Vielliard, 1990a, b; Willis, 1992). In this respect,

South American mountains, including the Andes and east-

ern Brazilian mountains, are proposed to share several

taxa with biogeographic affinities along similar climatic

zones (Brown, 1987; Fjeldsa
�
, Bowie, & Rahbek, 2012;

Simpson, 1979; Simpson-Vuilleumier, 1971). Indeed,

many congeneric species share disjunct ranges between

the southern and south-eastern Brazilian highlands, and

between the Patagonian, Pampas, Chaco and Andes, as

demonstrated by several groups of organisms, including

plants (Fiaschi & Pirani, 2009; Harley, 1995; Safford,

1999), birds (Sick, 1985; Silva, 1995), frogs (Leite, Junc�a
& Eterovick, 2008), lizards (Rodrigues, 2008; Uzzel,

1959), mammals (Gonçalves, Myers, Vilela, & Oliveira,

2007) and bees (Silveira & Cure, 1993).

Several climate and geological changes created oppor-

tunities or adaptive restrictions leading the ancestors of

the endemic birds from Brazilian mountaintops to settle

into more stable environments, such as the higher areas of

eastern South America that are climatically similar to

some Andean high-altitude areas (Safford, 1999; Sick,

1985). Although it is assumed that eastern Brazilian

mountains were colonized by Andean-Patagonian lineages

in the past (Sick, 1985), this biogeographic influence in

the local avifauna appears indistinct (Vasconcelos &

Rodrigues, 2010). Nevertheless, other studies covering

South American biomes as a whole have found a strong

relationship between the Andean avifauna, lowland bio-

mes of the Southern Cone of the continent and eastern

Brazil (Fjeldsa
�
et al., 2012).

Vicariant hypotheses

Some authors have suggested that the origin of these

endemic birds is the result of a vicariant event between

southern Brazil and the south of the continent during the

Pleistocene, when there was a split of ancestral lineages

that were distributed in the south of the continent (Sick,

1985; Silva, 1995, 1997; Silva & Bates, 2002). According

to these studies, there is strong evidence based on floristic

and faunal similarities suggesting that these open vegeta-

tion types (savannas) were connected in the past and that

vicariant events, more than long-distance dispersal, were

responsible for the main biotic disjunctions (Silva, 1995).

Silva (1995) suggested that for distinctive species such

as A. luizae (and also E. longicauda) whose putative rela-

tives live in other South American regions, a vicariant

event based on tectonic movements occurred between the

Espinhaço Range and several areas including the Chaco,

adjacent sub-Andean zone, and the southern Pampas and

Patagonia regions.

For Augastes spp. that were considered the sister taxon

of Schistes geoffroyi (from central-northern Andes), Silva

(1995) suggested that two vicariant events occurred: the

first between the Espinhaço Range and the Andean region,

and a second one between different regions (northern and

southern) of the Espinhaço Range. This hypothesis con-

sidered A. scutatus and A. lumachella to be sister taxa, as

proposed by Gould (1861). Vasconcelos, Chaves, and

Santos (2012) suggested that the possible vicariance

between the two Augastes species may be related to the

climate change that occurred in the Plio-Pleistocene.

Pleistocene climatic-vegetation changes

Plio-Pleistocene changes such as tectonics and climatic-

vegetation fluctuations led to several hypotheses that

explain the speciation of the endemic species of the Cer-

rado including endemic birds from the eastern Brazilian

mountains and their relatives living elsewhere in South

Biogeography of the birds from Brazilian mountains 5



America (Sick, 1985; Silva, 1995, 1997; Silva & Bates,

2002). Another possible scenario suggested by Silva

(1997) consisted of a model based on the Pleistocene

climatic-vegetational changes, which first caused an

expansion of a southern ancestor that followed cold-dry

adapted vegetations during a glacial period and, subse-

quently, a posterior range fragmentation caused by

climatic changes during interglacial periods. Finally, there

was a rapid differentiation in small relict populations

isolated in the Espinhaço Range.

Relictuation of once-widespread

ancestral lineage

In addition to the vicariance between the Andean

region and the Brazilian shield that split these bird lin-

eages, another process that may have had greater

importance in the speciation of ancestral lineages iso-

lated in eastern Brazil was a late relictual process

based on adaptation to local distinct conditions in the

Brazilian high-altitude open habitats, as is though to

have happened for other birds in the Andean moun-

tains (Garcia-Moreno & Fjeldsa
�
, 2000). Small isolated

populations that were once widespread lineages may

have persisted locally due to climate stability in these

areas after a tectonic event or macroclimatic changes.

This can be exemplified by the effects of the interac-

tion of topographic spatial configuration of mountain-

ous areas with adjacent thermally inert ocean currents

(Fjeldsa
�
et al., 2012). Birds centres of endemism (or

relictual species) in mountainous environments may be

the result of the sum of local ecoclimatic stability and

complex relief topography (Fjeldsa
�
, 1994; Fjeldsa

�

et al., 2012). Thus, the origin and distribution of these

modern relicts are often related to range shifts, and

local or regional extinctions weighted by their adaptive

capacities (Agarwal, 2001; Habel & Assman, 2010).

Diversification of the endemic birds
from the eastern Brazilian mountains
A small number of papers have included the endemic

birds from the eastern Brazilian mountains in phyloge-

netic reconstructions. Recent phylogenetic studies dating

the divergence of genera and species help to develop plau-

sible hypotheses related to the environmental changes on

the continent through major geological periods, which

may have been the source of divergence and ecological

specialization for these birds (e.g. Derryberry et al., 2010,

2011; Freitas et al., 2012; Ohlson et al., 2008). Phyloge-

netic studies describing relationships between the oven-

birds A. luizae and A. moreirae (Derryberry et al., 2010),

and C. pabsti and C. espinhacensis (Freitas et al., 2012)

emphasize the importance of connecting routes and

speciation in the south through the ‘V’ distribution of the

South American cooler areas, even as marine transgres-

sions promoting vicariance of widespread ancestral line-

ages, and later relictuation.

Asthenes luizae and A. moreirae

In Derryberry et al. (2010), the systematic position of A.

luizae has not been resolved, because it represents a deep

branch within a trichotomy formed with the two major

Asthenes clades which comprises two large radiations

from the central to northern Andes. In Derryberry et al.

(2011), A. luizae was in a position basal to the other two

Asthenes clades, more diversified, but this position pre-

sented a low cladistic support. Furthermore, A. baeri and

A. dorbignyi were the deeper sister group of the genus dis-

tributed in the Chaco lowlands and central Andes region.

Derryberry et al. (2010) showed that Asthenes moreirae

was closely related to A. pyrrholeuca (from Patagonian

Chacoan region) and Schizoeaca harterti. These three spe-

cies are a sister group of another clade containing other

species of the genus Schizoeaca, A. pudibunda (from

western Peruvian Andes) and A. ottonis (from southern

Peruvian Andes). Phylogenetic reconstructions of Derry-

berry et al. (2010, 2011) indicate that A. pyrrholeuca

(from Patagonian-Chacoan region) is closely related to A.

moreirae, but not to A. luizae. Indeed, A. baeri and A. dor-

bignyi occur in the central and southern Andes and Pata-

gonia, making this explanation more plausible. Following

Derryberry et al. (2010, 2011), a more complex relation-

ship can be envisaged between A. moreirae and its close

relative A. pyrroleuca, which is distributed in the extreme

south of the continent, and S. harterti, which is distributed

on the eastern Andean slopes of southern Peru to western

Bolivia. Another possible interpretation for the split of

ancestral lineages of Asthenes between the east and west

of the continent is the dispersion from the Andes to south-

eastern Brazil of ancestral lineages of A. luizae and A.

moreirae at two different times. Indeed, it seems a com-

mon pattern for the entire clade Synallaxini which has an

Austral�Andean divergence (Derryberry et al., 2011).

Importantly, Silva (1997, Silva & Bates, 2002) classi-

fied A. luizae (and also Augastes scutatus and Embernagra

longicauda) as Cerrado ‘neoendemics’ which according to

the author are species that have their putative sister-taxa in

other South American regions, which should not be older

than the Plio-Pleistocene transition, c. 2.58 million years

ago (mya). However, Derryberry et al. (2011) estimated

that ancestral lineages of A. luizae diverged approximately

8 § 1 mya, a period that coincides with the Miocene

marine transgressions, while A. moreirae diverged more

recently, approximately 3 § 1 mya, and may have arrived

in eastern Brazil by dispersion through the highlands of

the Brazilian Plateau.

6 A. V. Chaves et al.



Cinclodes espinhacensis and C. pabsti

A phylogenetic study of the Cinclodes genus by Chesser

(2004) indicated that C. pabsti is a sister species to all

other Cinclodes. The recently described Cinclodes espin-

hacensis is closely related to C. pabsti, and together, both

species occupy the deepest branch in a phylogenetic

reconstruction for the genus Cinclodes as a whole (Freitas

et al., 2012). Previously, the origin of Cinclodes was

hypothesized to have occurred in southern South America

with a later colonization of the Andes (Chapman, 1926;

Irestedt, Fjeldsa
�
, Johansson, & Ericson, 2002; Sick,

1973). Moreover, Chesser (2004) and San�ın et al. (2009)

found that one clade of the genus originated in the central

Andes and the species of the other clade originated in

southern South America. Both studies excluded C. pabsti

(sister to both clades) from their analyses. Recently, Frei-

tas et al. (2012) showed that the Brazilian Cinclodes clade

diverged from the Andean Cinclodes clade between late

Miocene/Pliocene, and C. espinhacensis and C. pabsti

separated approximately 220 000 years ago (Late Pleisto-

cene), revealing another important biogeographic connec-

tion between the campos rupestres of the Espinhaço

Range and the campos sulinos of the southern Brazilian

Serra Geral. Moreover, the Brazilian Cinclodes clade rep-

resents a remarkable case of relictuation, because allo-

pathic Cinclodes species from eastern Brazil likely

originated by extinction of intermediate populations,

which should exist between these mountain ranges due to

climate changes during the Pleistocene.

The separation of the Brazilian Cinclodes clade, similar

to the isolation of Asthenes luizae in the Espinhaço Range,

could also be placed in the Late Miocene (Derryberry

et al., 2011; Freitas et al., 2012). Cinclodes sister groups

are Upucerthia and Geocerthia (Derryberry et al., 2011;

Fjeldsa
�
et al., 2007) both composed by Andean species and

the proposal of a southern origin is consistent with the cur-

rent range of other species that occupy the deepest

branches in the ovenbird phylogeny (Irestedt et al., 2002).

This origin is also reflected in the distribution of the mono-

typic genera of ovenbirds concentrated in the east and

south of the continent (Remsen, 2003). The isolation of the

Brazilian Cinclodes can be associated with some potential

geographic barriers that separated ancestral populations,

leading to further diversification of two major lineages:

one in the Brazilian Shield and another in the Andes and

the Pacific coast. The ancestral populations were poten-

tially distributed in the southern Brazilian Shield and adja-

cent areas, such as the Patagonia and

Pampas, corresponding with the southern origin hypothesis.

Augastes lumachella and A. scutatus

Augastes lumachella and A. scutatus are considered allo-

species (Sick, 1997; Vasconcelos, 2008; Vasconcelos

et al., 2012) and are treated as the sister taxon of Schistes

geoffroyi by various authors (Schuchmann, 1999; Sibley

& Monroe, 1990; Silva, 1995; Willis, 1992). In phyloge-

netic hypotheses presented by Altshuel, Dudley and

McGuire (2004); Mcguire, Witt, Altshuler, & Remsen

(2007); Mcguire, Witt, Remsen, Dudley, & Altshuler

(2009) and Mcguire et al. (2014), Schistes geoffroyi

appeared as closely related to the genus Colibri and,

together, formed a sister group to the genus Doryfera, in

the mango hummingbird group. McGuire et al. (2009)

suggested that Augastes could also be part of this cluster,

although it was not included in the analyses.

Formicivora grantsaui

A phylogenetic analysis of the genus Formicivora based

on morphological and vocal characters (Gonzaga, 2001)

was conducted before the description of Formicivora

grantsaui, which has been treated as likely related to F.

rufa, judging by similar morphological and vocal charac-

teristics (Gonzaga, Carvalhaes, & Buzzetti, 2007). How-

ever, it was not possible to determine its systematic

position within the group that encompasses its putative

closest relatives, Formicivora acutirostris, F. grisea and

F. rufa (Gonzaga et al., 2007; Zimmer & Isler, 2003).

Polystictus superciliaris

Polystictus superciliaris is putatively related to P. pec-

toralis, which is typical of open grasslands and has a dis-

junct distribution in central-southern and northern South

American savannas. These species have never been

included together in a well-represented phylogenetic

analysis that includes several taxa of Tyrannidae (e.g.

Chaves, Clozato, Lacerda, Sari, & Santos, 2008; DuBay

& Witt, 2012; Ohlson et al., 2008, 2013; Rheindt, Nor-

man, & Christidis, 2008; Tello, Moyle, Marchese, &

Cracraft, 2009). Silva (1995) considered P. superciliaris

as a Cerrado ‘palaeoendemic’ which according to the

author are species that are well established taxonomi-

cally, but still have unresolved phylogenetic relation-

ships within their genus or families or have undergone

an older rapid process of speciation. Although the

hypotheses for the speciation of P. superciliaris and P.

pectoralis remain unresolved, Ohlson et al. (2008) esti-

mated it diverged approximately between 4 to 7 mya,

the period of diversification in the group that includes P.

pectoralis, Culicivora and Pseudocolopteryx.

Embernagra longicauda

Some recent studies using molecular data have sug-

gested that Emberizoides ypiranganus, Emberizoides

herbicola and Embernagra platensis are closely related
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and should belong to the Thraupidae family (Barker

et al., 2013; Campagna et al., 2011; Klicka, Burns, &

Spellman, 2007). Barker et al. (2013) and Burns et al.

(2014) found that E. platensis and E. herbicola are

closely related to Coryphaspiza melanotis forming a

well-supported clade, and estimated the divergence

between E. platensis and E. herbicola at approximately

3 to 6 mya. Burns et al. (2014) named this clade as

Emberizoidinae, a new subfamily of grassland tanag-

ers. Again, our species of interest, Embernagra longi-

cauda, was not represented in any phylogenetic

analyses, but E. longicauda and E. platensis are very

similar in morphology and behaviour, and both were

treated as a superspecies by Sibley & Monroe (1990).

Other birds associated with
mountaintops
The biogeographic patterns of some other birds with a

strong association but not restricted to campos rupestres

and campos de altitude, such as some Scytalopus spp. and

Knipolegus nigerrimus, can provide insights into the colo-

nization and speciation in Brazilian mountaintops.

Brazilian eastern Scytalopus birds are mostly found in

mountain areas inhabiting the understorey of humid for-

ests and moist slopes with woody vegetation. The phylo-

genetic study of Mata et al. (2009) found that the eastern

Scytalopus are separated in three well-defined clades, rep-

resenting lineage breaks between southern and south-east-

ern Brazil. The oldest divergence occurred in the Middle

Miocene between the lineages: S. speluncae clade, distrib-

uted in Serra do Mar, Serra da Mantiqueira and adjacent;

S. novacapitalis clade, composed of S. novacapitalis from

Central Plateau of Brazil, S. pachecoi from southern Bra-

zil, S. diamantinensis from Chapada Diamantina, Bahia

and S. petrophilus from Serra do Espinhaço and Serra da

Mantiqueira; S. iraiensis clade, with disjunct populations

from northernmost Minas Gerais and southern Paran�a and
Rio Grande do Sul states (Mata et al., 2009). Thus, the S.

novacapitalis clade comprises species with a more interior

continental distribution, living in drier habitats. The

period of divergence of this clade coincides with climatic

changes beginning about 2.5 Mya and splintered popula-

tions due to intense glacial cycles. Scytalopus diamanti-

nensis was suggested to be sister of S. petrophilus

(Whitney, Vasconcelos, Silveira, & Pacheco, 2010),

which if confirmed, could represent another example of

speciation within eastern mountaintops of eastern Brazil,

similar to A. scutatus and A. lumachella vicariance.

Knipolegus nigerrimus is a widespread species with a

range throughout the Brazilian mountain areas discussed

above, with one subspecies described to campos rupestres

of the Chapada Diamantina in Bahia (Lencioni-Neto,

1996). Phylogenetic analyses in Hosner & Moyle (2012)

support three clades within Knipolegus which appear to

have been split by initial vicariance events, followed by

subsequent diversification within macro regions, resulting

in geographic clusters of closely related species. One

most basal clade is confined to northern South America,

another clade is confined to the Southern Cone and south-

ern Andes which is sister group of a clade confined to

southeast Brazil, comprising K. nigerrimus, K. lophotes

and K. franciscanus. This geographic species clusters pat-

tern contrasts to a common allopatric pattern of speciation

for Neotropical birds across broad areas (Hosner &

Moyle, 2012), as has also been proposed for some sister

species of the endemic birds from eastern Brazilian

mountaintops.

Importantly, some hypotheses assume that the

endemic species of mountainous areas are derived

from lowland relatives through colonization by popula-

tion expansion from adjacent areas, or by long-distance

dispersal, or even differentiation of local populations

due to large-scale effects on habitat after mountain

uplifts (Brumfield & Edwards, 2007; Cracraft, 1994;

Ribas, Moyle, Miyaki, & Cracraft, 2007). Overall, a

common vicariance history explained most parsimoni-

ously the shared patterns of endemism (Cracraft,

1994). For the psitacid Pionus, Ribas et al. (2007)

showed vicariance and subsequent diversification

between lowland/high montane species. The same pat-

tern occurs for the exclusively montane Andean Hapa-

lopsittaca parrots and their lowland sister genus

Pyrilia (Quintero, Ribas, & Cracraft, 2012). It may be

that the lowland/high montane pattern could be related

to the Embernagra longicauda and E. platensis split.

McGuire et al. (2014) also implied a role for Andean

uplift in establishing montane hummingbirds groups.

Centres of origin and connecting

routes
In Fig. 3, we outline the possible centres of origin and spe-

ciation of the ancestral lineage of endemic birds from the

eastern Brazilian mountains as discussed above. The dot-

ted lines A and C represent the connections between

south-eastern Brazil and the central Andes through the

southern route. The dotted line B represents a possible

connection between eastern Brazil and the highlands of

central Brazil (Brazilian Plateau), which could be related

to the speciation of A. moreirae as it is closely related to

S. harterti (central-northern Andes) and A. pyrrholeuca

(Patagonian�Chacoan region). Related to this connection,

an ancient connection point for Scytalopus spp. through

the highlands of the Brazilian Plateau was also proposed

(Maur�ıcio, 2005; Vielliard, 1990a). The dotted line D in

the Fig. 3 shows a connection represented by a subspecies

of hummingbird (Colibri delphinae greenewalti Ruschi,
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Fig. 3. Biogeographic hypotheses about the origin and occupancy of birds endemic to mountaintops. The numbers represent the possible
centres of origin. The letters represent biogeographic relationships between South American cooler areas.
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1962), which is recognized as restricted to the campos

rupestres of the northern Espinhaço Range and is disjunct

from its nominal subspecies found in the Guyana Plateau,

northern Andes, Central America and island of Trinidad

(Schuchmann, 1999). Some plant species also present dis-

junct distributions in the region of the Guiana Plateau,

south-eastern and southern Brazil. Examples of these spe-

cies include: ferns (Salino & Almeida, 2008); plants of

the families Cyperaceae, Eriocaulaceae, Velloziaceae,

Xyridaceae (Costa, Trovo, & Sano, 2008; Mello-Silva,

2010; Rapini et al., 2008); the grass Panicum chnoodes

(Vianna & Filgueiras, 2008); and the bromeliad genera

Dyckia and Encholirium, with centres of diversity located

in the Guyanan highlands (Versieux, Wendt, Louzada, &

Wanderley, 2008). The dotted line E represents a connec-

tion route between possibly related Mango hummingbirds

from northern and central Andes with Augastes from east-

ern Brazil.

In some cases, the Brazilian area is suggested as an

ancestral homeland of ancient lineages that subsequently

colonized the Andean region (Safford, 2007; S�anchez-
Baracaldo, 2004; Struwe, Haag, Heiberg, & Grant, 2009).

An example of Brazilian origin is the Chusquea bamboo,

typical of the P�aramos and patchily distributed in the

campos rupestres and campos de altitude (Safford, 2007).

This hypothesis is supported by the relative old age and

geological stability of the Brazilian Shield when com-

pared with other South American regions. In particular,

the Espinhaço Range is an ancient orographic chain with

a Precambrian origin (Saadi, 1995), and it has been much

more tectonically stable than the Andes since the Tertiary.

Discontinuities and biogeographic
barriers in eastern Brazil
The spatial configuration and distribution in ‘islands’ of

the high-elevation open habitats probably played a key

role in dispersal, vicariance and relictuation processes, as

discussed in the previous sections for each of these

endemic species. Occurrence of these vegetation types is

strongly conditioned not only by altitude, but also by a

combination of landscape variables, such as climatic and

topographic conditions, proximity to the ocean and atmo-

spheric circulation (Alvez & Kolbec, 1994; Gontijo,

2008; Vasconcelos, 2011). Thus, determinants for areas of

connections or barriers are heterogeneous in every moun-

tainous region. Each island (or archipelago) consists of

isolated populations of these endemic birds, and the scale

is limited by the size of the mountaintop islands and the

connectivity is limited by the distance between them. Dis-

continuities are caused by lowland areas with distinct hab-

itat types and by the dispersal constraints of each species.

The distribution pattern of each endemic bird from

mountaintops can reveal the current barriers that limit their

ranges. In Fig. 4, we present a proposal for identifying these

major biogeographic barriers, which are made up of the

lowland areas. This division was based on the geographic

distributions and recent records for these birds (Vasconce-

los, 2008; Vasconcelos, Maldonado-Coelho, & Buzzetti,

2003; Vasconcelos, Lopes, Machado, & Rodrigues, 2008a,

2012; Vasconcelos & Rodrigues, 2010; Chaves, Freitas &

Vasconcelos, unpubl data). We considered potential barriers

those lowland areas that limit the range of one species, but

not of other endemic birds from Brazilian mountaintops.

The main areas that represent major barriers for bird species

are: between the Serra de S~ao Francisco and central-south-

ern Chapada Diamantina (Fig. 4A; c. 100 km, bounding the

range of Polystictus superciliaris and Embernagra longi-

cauda, but not Augastes lumachella); between the Chapada

Diamantina and central-southern Espinhaço Range

(Fig. 4F, G; c. 165 km, bounding the range of Augastes

lumachella, A. scutatus, Asthenes luizae, Formicivora

grantsaui, but not Polystictus superciliaris or Embernagra

longicauda); between the central-southern Espinhaço

Range and Quadril�aterro Ferr�ıfero (Fig. 4O; c. 16 km,

bounding the range of Cinclodes espinhacensis and

Asthenes luizae, but not Augastes scutatus, Polystictus

superciliaris and Embernagra longicauda); and the series

of lowlands adjoining the Serra da Canastra, Quadril�aterro
Ferr�ıfero, Serra do Capara�o, Serra dos �Org~aos, Serra da

Bocaina, Serra da Mantiqueira and Serra Geral.

The complexity of the topology is highly relevant to

endemic taxa of campos rupestres. Disjunctions have

been considered one of the main factors that lead to the

high species diversity in these environments (Giulietti

et al., 1997). Population genetic studies on plant species

from campos rupestres have found barriers to gene flow,

genetic divergence and geographic structuring among

populations of endemic species, as in rupicolous orchids

(Borba, Felix, Solferini, & Semir, 2001), Vellozia gigan-

tea (Lousada, Borba, & Lovato, 2011), Vellozia compacta

(Lousada, Lovato, & Borba, 2013), among others. Lou-

sada et al. (2013) found geographic structuring between

populations from Quadril�aterro Ferr�ıfero and the central-

southern Espinhaço Range (as proposed in Fig. 4O).

Final considerations
Recent studies have concluded that the series of available

museum specimens from eastern Brazil (campos

rupestres, campos de altitude and campos sulinos) are not

sufficient to study patterns of geographic variation of

endemic species (Vasconcelos et al., 2003; Vasconcelos,

2008; Vasconcelos & Pacheco, 2012). Therefore, the

high-altitude regions still need sampling because of the

lack of data for the taxa discussed above, and new species

are still being discovered in remote areas. Good examples

of new discoveries are the recent descriptions of

10 A. V. Chaves et al.



Fig. 4. Geographic barriers (letters) of the mountains complex of Brazil. The main mountain ranges considered in this study are outlined
in black (above 1000 m).
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Formicivora grantsaui (Gonzaga et al., 2007) and Scyta-

lopus diamantinensis (Bornschein, Maur�ıcio, Belmonte-

Lopes, Mata, & Bonatto, 2007) from the Chapada Dia-

mantina in the northern Espinhaço Range, Scytalopus pet-

rophilus (Whitney et al., 2010) from the southern area of

the Espinhaço Range and Serra da Mantiqueira, and also

Cinclodes espinhacensis (Freitas et al., 2012). These new

species were surprising finds, because both areas of the

Espinhaço Range are considered relatively well known in

ornithological terms (Melo-J�unior, Vasconcelos, Fer-

nandes, & Marini, 2001; Parrini et al., 1999; Rodrigues

et al., 2011; Vasconcelos & Melo-J�unior, 2001).
We noted that the majority of the species have unclear

phylogenetic positions, which are mostly based only on

external morphological similarities, and as a result, these

relationships are not definitive and still require detailed

phylogenetic studies. Thus, it is critical to conduct a thor-

ough and systematic treatment of ecology, population

dynamics history and collect information about the range,

zoogeography and phylogeographic relationships of the

birds of the campos rupestres, campos de altitude and cam-

pos sulinos, a region in eastern Brazil that is receiving

growing international recognition for its high diversity and

endemism, designated as part of the Biosphere Reserve,

and its increasing biogeographic revelations (Drummond,

Martins, Machado, Sebaio, & Antonini, 2005; Freitas

et al., 2012; Longhi-Wagner, Welker, & Waechter, 2012;

Safford 2007; UNESCO, 2005; and also see Megadiversi-

dade, v.4, Conservation International, 2008).

Finally, throughout this review we show that the time

estimates for species diversification suggest that the evo-

lution of the endemic birds of the mountaintops occurred

at different times in geological history (the Late Miocene

to Pleistocene). It seems that the natural history of these

birds cannot be explained by any single or major biogeo-

graphic event as previously proposed for the species of

Cerrado and campos rupestres.
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