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A B S T R A C T

Comparative phylogeography is a powerful approach to investigate the role of historical and environmental
processes in the evolution of biodiversity within a region. In this regard, comparative studies of species with
similar habitat preferences are valuable to reduce the confounding influence of habitat association when in-
terpreting phylogeographic patterns. In the Atlantic Forest of South America, phylogeographic studies of
highland and lowland species have shown distinct population structure patterns so far, suggesting that such
species have responded differently to Pleistocene glacial cycles. Herein, we performed a comparative analysis
using molecular data and paleodistribution models of two Montane Atlantic Forest (MAF) co-distributed pas-
serine birds with similar habitat requirements but with distinct life-history traits and ecologies: the frugivore lek-
breeding Blue Manakin (Chiroxiphia caudata) and the insectivore and socially monogamous Drab-Breasted
Bamboo Tyrant (Hemitriccus diops). We aimed to shed light on the role of contrasting life histories and ecologies
onto the demography and population structure of MAF species. We sampled both species throughout most of
their distribution range, sequenced a mitochondrial and a nuclear molecular marker, and used standard phy-
logeographic methods to investigate population structure and ecological niche modeling (ENM) to infer the
species’ paleodistributions. Our analyses recovered a phylogeographic break in H. diops in the region of the Doce
River, but no genetic structure in C. caudata. We also found higher differentiation among subpopulations within
each lineage of H. diops than among subpopulations of C. caudata. We suggest that these discrepancies in po-
pulation structure might be due to distinct life-history traits and their impact on gene flow and generation time.
For example, while H. diops is an insectivore species, C. caudata is a frugivore and the latter ecological aspect
likely selects for a higher dispersion distance. Additionally, because C. caudata is a lek-breeding species, it has a
longer generation time than H. diops. These traits could hinder genetic differentiation when populations become
geographically isolated. Nonetheless, both species showed some common biological features, such as signatures
of synchronous population expansion and larger distribution ranges during the Last Glacial Maximum, possibly
due to similar cold tolerance.

1. Introduction

Comparative phylogeography is a powerful approach to understand
how co-distributed species responded to historical events within a re-
gion (Avise et al., 2016; Prates et al., 2016; Riddle, 2016), including the
important links between population processes and regional patterns of
diversity (Bermingham and Moritz, 1998). Congruent phylogeographic
structures among co-distributed species are most likely explained by

similar responses to the same biogeographical and environmental pro-
cesses, while discordant patterns indicate independent responses
(Bermingham and Avise, 1986; Bermingham and Moritz, 1998; Avise,
2000; Arbogast and Kenagy, 2001; Zink et al., 2001; Hickerson et al.,
2010). In this context, discrepancies in phylogeographic patterns
among co-distributed species could result from differences in (i) colo-
nization time of a given region, (ii) response to geographic barriers, (iii)
selective gradients, (iv) gene flow levels, (v) rates of molecular
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evolution, (vi) effective population sizes and (vii) generation time
(Zink, 1996). However, phylogeographic incongruences among co-dis-
tributed species inhabiting similar habitats may also result from other
aspects of organisms’ biology and testing congruence among organisms
that differ in their life-history traits can shed light onto the role of
ecology in the diversification process (Ditchfield, 2000; Sullivan et al.,
2000; Gutiérrez-García and Vázquez-Domínguez, 2011; Paz et al.,
2015). In fact, recent conceptual frameworks in comparative phylo-
geography emphasize the contribution of biological attributes as an
important factor to explain phylogeography patterns, as opposed to
emphasis mostly on historical events (Papadopoulou and Knowles,
2016; Zamudio et al., 2016).

The role of life-history and ecology on the phylogeographic patterns
of tropical organisms is still largely unexplored, including in montane
systems. Tropical montane regions are considered a cradle of biodi-
versity and their elevated diversity is often explained by the interplay
between historical climate changes and complex topography creating
many opportunities for allopatric differentiation as well as by high
population persistence in pockets of habitats that remain stable over
time, thereby decreasing the likelihood of population extinction
(Fjeldså et al., 2012). Specifically, as the climate became warm during
interglacial periods, suitable habitat for mountain species likely shifted
upwards and their inability to cross warm valleys promoted genetic
isolation (Wiens, 2004; Kozak and Wiens, 2006; Knowles and Massatti,
2017). The interplay between glacial cycles and topography can be
important in the diversification of montane species with narrow
thermal breadth, as is likely the case of tropical species (Janzen, 1967;
Polato et al., 2018).

Such biogeographic processes are often invoked to have had an
important role in the building up of the astonishing diversity found in
Neotropical mountain regions (Fjeldså et al., 2012; Antonelli, 2015).
However, their importance in promoting and maintaining biodiversity
is still largely unknown in the Montane Atlantic Forest (MAF). These
montane forests along the eastern edge of South America can reach up

to 2500 m a.s.l. and hold a high degree of biological endemism (Stotz
et al., 1996). Even though a blossoming body of research on phylo-
geography in the last decade has investigated the processes originating
and maintaining biodiversity in the Atlantic Forest (AF) (e.g. Cabanne
et al., 2008; Carnaval et al., 2009; Maldonado-Coelho, 2012; Raposo do
Amaral et al., 2013), few have studied the evolutionary history of MAF
organisms (but see Amaro et al., 2012; Batalha-Filho et al., 2012;
Raposo do Amaral et al., 2018b). Highland and altitudinal generalist
species, due to their distinct climate ranges, and therefore likely distinct
climate tolerances, could have distinct responses to historical processes
such as Pleistocene glacial cycles. In fact, the distinct diversification
patterns found so far in MAF organisms have been attributed either to
orogenic activity or the interplay between historical climate changes
and the complex topography of the region (Raposo do Amaral et al.,
2018b). On the other hand, processes advocated to explain phylogeo-
graphic patterns of organisms with broad elevational ranges rely mostly
on the role of range fragmentation and genetic differentiation due so-
lely to historical climate changes (e.g. Cabanne et al., 2008;
Maldonado-Coelho, 2012). This illustrates how highland and altitudinal
generalist species could have distinct responses to the Pleistocene gla-
cial cycles that result in discrepant diversification histories.

Phylogeographic comparisons across organisms with broadly si-
milar habitat associations and congruent geographic distributions are
valuable to reduce the confounding influence of environmental factors
such as habitat dependence and climatic variation on patterns of po-
pulation differentiation. In this regard, we aimed to perform a com-
parative analysis using molecular data and paleodistribution models of
two forest dependent and co-distributed MAF passerine birds but with
distinct life-history traits and ecologies: the Blue Manakin (Chiroxiphia
caudata) and the Drab-Breasted Bamboo Tyrant (Hemitriccus diops).
These species occur in the understory and mid-story of forests and range
from the northernmost montane forests in the state of Bahia into lower
elevation forests in the state of Rio Grande do Sul in Brazil, eastern
Paraguay and northeastern Argentina (Fig. 1). C. caudata and H. diops

Fig. 1. Sampling localities and haplotype network for Chiroxiphia caudata. (A) Map with sampling localities. The gray area represents the distribution range for C.
caudata and the dots represent the sampled localities. Numbered localities are listed on Supp. Mat 1. (B) Mitochondrial ND2 haplotype network and (C) nuclear
G3PDH haplotype network, colored according to the latitude of each locality.
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can be found up to 1800 and 1500 m.a.s.l., respectively (Mallet-
Rodrigues et al., 2010). Despite their largely sympatric distribution, the
two species differ in some life-history and ecological attributes: C.
caudata is a species with a lek mating system while H. diops seems to be
a socially monogamous and territorial species; C. caudata is a frugivore
generalist whereas H. diops is insectivorous (Ridgely et al., 1989;
Parrini, 2015). To our knowledge this is the first comparative analysis
throughout the range of two sympatric AF endemic bird species, al-
lowing us to explore whether species with similar current range dis-
tribution and habitat dependence responded in a similar fashion to the
same historical events. Given their similar ranges and level of forest
dependence, differences in their phylogeographical patterns could be
related to distinct life-histories and ecologies. Thus, we address the
following questions: (1) do they have similar population structure?, (2)
was their genetic structure shaped by the same historical processes?,
and (3) have they experienced synchronous historical population size
changes? Overall, we aimed to shed light onto the role of cold tolerance
and distinct species' ecology in recent diversification events of the MAF
biota.

2. Materials and methods

2.1. Sampling

We gathered samples throughout most of the geographical dis-
tribution of both species: 115 individuals of C. caudata from 33 lo-
calities (Fig. 1, Suppl. Mat. 1) and 80 individuals of H. diops from 21
localities (Fig. 2, Suppl. Mat. 2). The genetic samples consisted of blood
and tissues collected specifically for this project, loans from other in-
stitutions and one sequence for each species available in GenBank (see
Acknowledgements for collecting permit numbers and Suppl. Mat. 1
and 2 for GenBank accession numbers, specimen and tissue collection

holdings).

2.2. Molecular markers and molecular analyses

We used two molecular markers: the mitochondrial gene NADH
dehydrogenase subunit 2 (ND2) and the intron 11 of the nuclear gene
glyceraldehyde 3-phosphate dehydrogenase (G3PDH). Total DNA was
extracted with a protocol using phenol, chloroform, and isoamyl al-
cohol (modified from Bruford et al., 1992). The quality and amount of
the DNA extraction were checked by electrophoresis in 1% agarose gel.
High-quality extractions were diluted to ~20 ng/μl for subsequent
analyses.

DNA amplification through PCR consisted in a mix containing 2.5 μl
10x buffer (Tris-HCl 10 mM pH 8.3, KCl 50 mM, MgCl2 2.5 mM), 1 μl
dNTP (2 mM of each nucleotide), 1 μl of each primer (10 μM), 18.4 μl of
Milli-Q water, 0.1 μl of Taq polymerase (5 U/μl, GE Health Care), and
1 μl of DNA. The primers used for each reaction were: LMet (Ribas
et al., 2005) and H6313 (Sorenson et al., 1999) for the ND2, and
GAPDL890 and GAPDH950 (Friesen et al., 1997) for the G3PDH. PCR
was performed using TC9600 and TC9700 thermocyclers (Applied
Biosystems) under the following conditions: initial denaturation at
94 °C for 4 min; 40 cycles of 95 °C for 1 min, varying annealing tem-
perature for 30 s, and 72 °C for 40 s; and final extension at 72 °C for
9 min. For the ND2, a touch-down PCR was performed with tempera-
tures decreasing from 60 °C to 50 °C by 1 °C per cycle. For the G3PDH,
the annealing temperature was kept constant at 56 °C throughout the
cycles. Amplification success was checked with gel electrophoresis and
amplified DNA was purified with polyethylene glycol 20% (Paithankar
and Prasad, 1991) or with Exonuclease I (Fermentas, 20 U/μl) and
FastAP Alkaline Phosphatase (Fermentas, 1 U/μl) mixed at 1:4 pro-
portion.

DNA sequencing was performed with Sanger sequencing using Big

Fig. 2. Sampling localities and haplotype network for Hemitriccus diops. (A) Map with sampling localities The gray area represents the distribution range for H. diops
and the dots represent the sampled localities and the location of haplogroups. Numbered localities are listed on Supp. Mat 2. (B) Mitochondrial ND2 haplotype
network and (C) nuclear G3PDH haplotype network, colored according to each of the two distinct haplogroups identified in the ND2 haplotype network.
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Dye Terminator Cycle Sequencing Kit (Applied Biosystems) with the
same primers used in the PCR. After the reaction, the product was
precipitated by washing it first with 80 μl of isopropanol 75% and then
with ethanol 70%. The reaction was analyzed using automated genetic
analyzers (ABI 3100 or ABI 3130, Applied Biosystems).

2.3. Data analysis

Sequence chromatograms were analyzed and contigs were produced
using CodonCode Aligner 3.6.1 (CodonCode Corporation). We used
CLUSTAL W (Thompson et al., 1994), as implemented in the software
MEGA 5 (Tamura et al., 2011), to align the contigs. For the ND2 se-
quences, we used MEGA 5 to translate them and verify the existence of
unexpected stop codons and to check their nucleotide composition, as
expected for mtDNA. For G3PDH, we used PHASE (Stephens et al.,
2001), as implemented in DnaSPv5 (Librado and Rozas, 2009), to de-
termine their gametic phase. Individuals with gametic phases de-
termined with probability lower than 80% were removed from the
subsequent analyses. We used the PHI test, implemented in the software
SplitsTree (Huson and Bryant, 2006), to check for the presence of re-
combination in our samples. The PHI test was chosen due to its ro-
bustness to the presence of potential population expansion (Bruen et al.,
2006).

2.4. Population structure and demographic history

The phylogeographic structure was inferred by the haplotype net-
work, constructed for each marker using the Median-Joining method
(Bandelt et al., 1999) in the software NETWORK 4.5.1.0 (http://fluxus-
engineering.com). The haplotypes were colored based on the samples’
geographic location. We also used an Analysis of Molecular Variance
(AMOVA) to investigate the presence of structure among our popula-
tions. AMOVA was performed using Arlequin 3.5 (Excoffier and Lischer,
2010). For H. diops, given that the ND2 haplotype network revealed two
genetically distinct lineages, we used a hierarchical AMOVA, nesting
the localities within the two lineages. AMOVA was performed using
localities that had three or more sampled individuals, and the genetic
distance was calculated based on ΦST (Excoffier et al., 1992).

We measured genetic diversity using the following summary sta-
tistics: number of segregating sites (S), haplotype diversity (Hd),
number of haplotypes (h), and nucleotide diversity (π). We generated
Bayesian Skyline Plots to infer demographic history in both species.
However, they were unreliable due to large error estimates in all cases
and are not presented here. Thus, to test for changes in population size
we used the Fu’s Fs (Fu, 1997) and the R2 (Ramos-Onsins and Rozas,
2002). All the summary statistics were calculated with DnaSPv5. For H.
diops, we measured all the summary statistics for each lineage in-
dependently.

2.5. Ecological niche modeling

We used MaxEnt 3.4 (Phillips et al., 2006) to create the Ecological
Niche Models (ENM) of C. caudata and H. diops. These models were
used to infer their distribution at current conditions, the Medium Ho-
locene (MH,~0.006 mya), the Last Glacial Maximum (LGM,
~0.022 mya), and the Last Interglacial (LIG; ~0.12–0.14 mya). For the
MH and LGM, we only used the Atmospheric Oceanic Global Circula-
tion Models (AOGCM) available for both of these time points, namely:
CCSM4, MIROC-ESM, and MPI-ESM-P, developed through Coupled
Model Intercomparison Project Phase 5 (CMIP5) (https://esgf-node.llnl.
gov/projects/cmip5/). We used occurrence points from the localities
sampled herein, localities from individuals deposited at the Zoology
Museum of the University of São Paulo (MZUSP), and the online bio-
logical collection databases speciesLink (http://www.splink.org.br) and
GBIF data portal (http://www.gbif.org/). We obtained 214 points of
occurrence for C. caudata and 61 points for H. diops. Some individuals

had imprecise data of collecting localities and additional information
was harvested in the Ornithological Gazetteer of Brazil (Paynter and
Traylor, 1991). Only one record per geographical coordinate was used.
We visually analyzed the coordinate points on DIVA-GIS (Hijmans
et al., 2004), to reduce the likelihood of including points outside the
known species ́ range. To reduce the impact of sample collection bias
(bias arising from some places being more densely sampled than
others), we randomly subsampled the occurrence points to guarantee
that only one coordinate per 0.5° × 0.5° grid was used. To obtain the
accuracy of models, we used 75% of the records as training samples and
the remaining 25% as test samples and calculated area under the curve
(AUC) values for the training and test models. We generated five re-
plicates of each model.

To generate our ENM we used seven Bioclim variables at 2.5 arc-
min resolution (~4.5 km at the Equator). We decided not to use the 19
Bioclim variables to reduce collinearity problems during model con-
struction (Terribile et al., 2012), and selected seven variables that
showed low correlation. Then, we used the variables mean diurnal
range, temperature seasonality, maximum temperature of the warmest
month, precipitation of wettest month, precipitation of driest month,
precipitation seasonality, and precipitation of warmest quarter. We
cropped the Bioclim layers to only represent South America (between
latitudes 14°N and 57°S, and longitudes 30°W and 85°W). For each
variable, we also calculated the mean value for each cell across dif-
ferent AOGCMs for a period (in MH and LGM) using the raster package
(Hijmans and van Etten, 2014) in R 3.4.4. We chose this approach in
order to yield a single paleodistribution model for each period (instead
of a different model for each AOGCM).

3. Results

3.1. Molecular data

For C. caudata, we obtained sequences of 932 bp from 102 in-
dividuals of the mitochondrial marker ND2 and 303 bp from 82 in-
dividuals of the nuclear marker G3PDH. For H. diops, we obtained se-
quences of 910 bp from 66 individuals of the mitochondrial marker
ND2 and 323 bp from 60 individuals of the nuclear marker G3PDH. We
only retained sequences of G3PDH with high phasing probabilities: 63
individuals of C. caudata and 44 individuals of H. diops. The PHI test
indicated that no signal of recombination was detected on the G3PDH
for C. caudata (p = 0.16). However, recombination was detected in H.
diops (p = 0.023) and we selected a non-recombinant fragment of 66 bp
that had the highest level of polymorphism (eight haplotypes).

3.2. Phylogeographic structure

The haplotype network of the ND2 did not reveal a clear phylo-
geographic structure for C. caudata (Fig. 1). On the other hand, the ND2
haplotype network for H. diops recovered a phylogeographic break near
the Doce River, with one phylogroup north (herein Northern lineage)
and another mostly south (Southern lineage) of this river (Fig. 2). The
two groups are separated by one mutation between the central and
most common haplotypes in each lineage. No haplotype sharing was
detected in the same locality. However, Southern lineage haplotypes
were also recovered at both sides of the tributaries of the Doce River in
the headwater region (Fig. 2). Haplotype networks for the G3PDH did
not recover phylogeographic structure for any species. Similar results
were found with AMOVAs. For C. caudata, we did not find significant
structure among the populations with ND2 (ΦST = 0.002, p > 0.05)
and although we found a significant signature of structure with G3PDH
(ΦST = 0.094, p < 0.01), the low ΦST showed that most of the genetic
variation was contained within populations rather than among them.
For H. diops, we detected significant structure between the two lineages
in the ND2 AMOVA (ΦCT = 0.391, p < 0.01) but not for the G3PDH
AMOVA (ΦCT = −0.009, p > 0.05). However, we did detect
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significant structure among populations within the lineage groups with
both markers in this species (for the ND2, ΦSC = 0.134, p < 0.01; for
the G3PDH, ΦSC = 0.136, p < 0.01). Overall ΦST (i.e. structure among
all populations), also was significant for both markers (for the ND2,
ΦST = 0.473, p < 0.01; for the G3PDH, ΦST = 0.128, p < 0.01).

3.3. Demographic history

Given that no phylogeographic structure was found for C. caudata,
the following analyses were performed assuming that all samples be-
longed to a single panmictic population. On the other hand, since H.
diops presented a phylogeographic structure, the following analyses
considered samples as part of either the Northern lineage or the
Southern lineage. Signatures of population expansion were detected
with Fu’s Fs and R2 for the ND2 in all groups: all samples of C. caudata
and both lineages of H. diops (Table 1). In G3PDH, only Fs for Northern
lineage of H. diops exhibited significant evidence of population growth
(Table 1).

3.4. Ecological niche modeling

Our ENMs exhibited good accuracy, as evidenced by the area under
the curve values (AUC≥ 0.9). For C. caudata, the current distribution is
mostly south of the Doce River with lower probability of occurrence
north of the river. There were overall larger suitable areas during the
LGM, but mostly on the continental shelf which was above the sea level
at the time (Fig. 3). During the LIG, the suitable area was smaller than
today and mostly in the southern part of the current distribution. For H.
diops, the current model predicts more suitable areas as being south of
the Doce River. The LGM model indicates a larger past distribution,
with two isolated areas of high suitability on both sides of the Doce
River. The LIG model shows a smaller distribution, mostly south of the
Doce River. In this species, the models also predict the existence of
suitable habitats in continental shelf areas (Fig. 3).

4. Discussion

Our study is the first to compare the phylogeography of two co-
distributed bird species across their range in AF. We identified that they
exhibit discordant and concordant population history aspects. On one
hand, they differ in their phylogeographic structure, with one species
presenting a shallow but clear phylogeographic break (H. diops) while
the other exhibiting no population structure (C. caudata). Additionally,
the subpopulations of C. caudata are less differentiated from each other
than the subpopulations within each H. diops lineage. This suggests that
despite occupying high elevation forests and being cold-tolerant, these
species have responded distinctively to the same historical events. On
the other hand, Fs and R2 statistics suggested that both species ex-
perienced population expansion. These results and the paleodistribu-
tion models imply a common demographic response to an underlying
expansion of the forest during the LGM. Our results also suggest that
differences in life-history and ecological traits may explain the con-
trasting phylogeographic structures and that cold-tolerance itself seems
to be of less importance as a driver of population differentiation. In the

following, we further discuss the processes likely underlying the com-
monalities and discrepancies in the population histories of these spe-
cies.

Table 1
Summary statistics per lineage for each molecular marker. N = sample size. S = number of substitutions. h = number of haplotypes. Hd = haplotype diversity.
π = nucleotide diversity. sd = standard deviation. Fs and R2 = population expansion tests.

Species Lineage Marker N S h Hd (sd) π (sd) Fs R2

C. caudata ND2 102 36 30 0.88 (0.02) 0.0028 (0.0002) −29.12** 0.02**
G3PDH 126 10 14 0.86 (0.02) 0.0077 (0.0004) −2.93 0.12

H. diops North ND2 36 14 13 0.88 (0.04) 0.0024 (0.0003) −6.28** 0.065*
G3PDH 52 4 6 0.37 (0.08) 0.0071 (0.0019) −3.43* 0.064

South ND2 35 13 14 0.88 (0.04) 0.0020 (0.0002) −9.49** 0.055**
G3PDH 36 4 5 0.54 (0.09) 0.0094 (0.0019) −1.72 0.081

Fig. 3. Ecological niche models (ENMs) of the Montane Atlantic Forest birds
Chiroxiphia caudata and Hemitriccus diops for current conditions, mid Holocene
(MH), last glacial maximum (LGM), and last interglacial (LIG). Warmer colors
indicate a higher species suitability, as depicted in the legend.
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4.1. Phylogeographic discordance between species

The incongruent phylogeographic structure recovered might be re-
lated to species differences in life history and ecology. Specifically,
population structure could have been influenced by distinct levels of
philopatry as a consequence of diet and mating system. In our study,
while H. diops mostly feeds on insects on bamboo leaves, C. caudata is a
frugivorous species (Parrini, 2015). Also, C. caudata is a lek-breeding
species whereas H. diops is seemingly territorial and does not form leks.
Frugivorous species are expected to have higher dispersal distances
since this is a more ephemeral food resource in time and space (Levey
and Stiles, 1992). Likewise, frugivorous birds, including manakin spe-
cies, are known to exhibit elevational seasonal movements in the neo-
tropics (Loiselle and Blake, 1991; Boyle, 2008; Barçante et al., 2017). It
is unknown if C. caudata performs altitudinal movements in the Atlantic
Forest, but a congeneric species, Chiroxiphia boliviana, apparently mi-
grates upslope during the breeding season in the Bolivian Andes
(Villegas et al., 2016). In addition, females in lekking species have to
visit several leks in an area before mating (Foster, 1981), and the need
to visit many leks could select for higher dispersal distances in females
of lek-breeding species relative to non-lekking, territorial species. These
behaviors, in turn, could have increased gene flow among different
subpopulations in C. caudata, leading to no phylogeographic structure
in this species. This is further supported by our AMOVA results, which
indicate that populations of C. caudata are less differentiated from each
other than populations within each H. diops lineage. In fact, high phi-
lopatry level can directly affect genetic differentiation in a micro-evo-
lutionary scale (Wright, 1943; Wakeley and Aliacar, 2001), and popu-
lations of species with higher dispersal have been shown to be less
differentiated than populations from species with lower dispersal (e.g.
canopy vs. understory species, Burney and Brumfield, 2009; Smith
et al., 2014). Thus, a higher propensity to disperse in frugivorous and
lek-breeding species could partially explain the discordance in the
phylogeographic structure of C. caudata and H. diops.

Mating system can also have a direct effect on generation length,
which as a result may influence levels of divergence. The structure of
leks was studied in another closely related Chiroxiphia species whose
males have an average tenure time to attain alpha status of approxi-
mately 10 years (McDonald, 1993). In contrast, females start breeding
when 2–3 years old and have a generation time of 4.9 years (McDonald,
1993), which is about three times larger than the average generation
time of non-lekking passerine birds (ca. 1.7 years; Saether et al., 2005).
The presumed longer generation time of C. caudata relative to H. diops
means that both sexes in the first would have experienced fewer gen-
erations if isolated by any given biogeographical event. Consequently,
isolation time in allopatry would be shorter in C. caudata and could not
have been long enough to leave a genetic signature (i.e. detectable with
two molecular markers). In contrast, the shorter generation time of H.
diops could have favored the accumulation of differences between
geographically isolated populations. This is true even if we consider
that the discrepancy in generation time is larger between males than
between females of C. caudata and H. diops, which would impact mostly
the divergence and geographical structure of nuclear genes. Indeed,
differences in female generation length between these species are likely
large enough to have influenced population differentiation in the
mtDNA.

Lek-breeding systems also result in a very skewed sex ratio in re-
productive success. Although most females are expected to reproduce
successfully, mainly the alpha males of each lek will reproduce at a
given time (Foster, 1981; DuVal and Kempenaers, 2008). In addition, a
significant proportion of male birds die before they could even reach
the alpha status, hence further increasing the distortion between the
sexes in their genetic contribution to the next generation (McDonald,
1993). This skewed sex ratio reduces effective population size and
therefore can increase the magnitude of genetic drift. In a scenario of
strong drift, two isolated populations are expected to differentiate from

each other at a faster rate. Therefore, when comparing systems with
high (i.e. C. caudata) and supposedly no (i.e. H. diops) skews in mating
number towards males, the former is predicted to exhibit stronger ge-
netic structure in nuclear genes. However, a skewed reproductive suc-
cess restricted to males is not expected to influence the geographic
variation in mtDNA. Here, we did not recover meaningful nuclear ge-
netic differentiation across geography in any of the two species and our
results may suggest that other factors, such as the ones discussed above,
were likely more important in explaining discrepancies in phylogeo-
graphic structure. Finally, one cannot rule out that this only reflects low
resolution in individually sequenced nuclear genes (e.g. Raposo do
Amaral et al., 2018a); hence, a proper test of this idea would await a
genomic analysis.

Alternatively, observed differences in phylogeographic structure
can be a result of geographically distinct patterns of isolation in glacial
refugia. The ENM projection to the LGM (Fig. 3) shows a high prob-
ability of occurrence of H. diops in two refugia and lower probability of
occurrence of C. caudata to the north of the Doce River. Therefore, it is
also possible that the present-day populations of C. caudata were re-
stricted to only one southern refugium during the LGM, with sub-
sequent range expansion northwards following the onset of a warmer
and more humid climate. Although the persistence in only one refugium
could explain the absence of a phylogeographic break in C. caudata,
differences in philopatry and generation time ought to be invoked to
explain higher genetic structuring within the lineages of H. diops, as
given by the AMOVA results. Other MAF passerine species with no
phylogeographic structure have previously been reported (Batalha-
Filho et al., 2012; Cabanne et al., 2013). These montane species are also
cold-tolerant and could have been shielded from harsher periods of the
Pleistocene. However, population divergence has also been found in
other MAF birds (Raposo do Amaral et al., 2018b) and this study, as
well as our comparative analyses, imply that the presence or absence of
phylogeographic structure may be weakly related to the montane life-
style. Instead, life-history and ecology might play a more prominent
role in the response of each montane species to historical climatic
changes.

4.2. Demographic concordance between species

We detected genetic signatures of population expansion on both
species, as well as larger distributional range during the LGM. In fact,
the distribution of both species during the LGM, as inferred by ENM,
suggests that they could have been largely sympatric, although with
lower probability of occurrence for C. caudata in most of the distribu-
tion area (Fig. 3). This suggests that both species might have had larger
population sizes during periods of lower average temperature and
precipitation, as expected for cold-tolerant species. However, it is evi-
dent in the ENM that despite both species showing larger range dis-
tributions, H. diops showed a continuous distribution throughout the
LGM, while C. caudata distribution was more fragmented. This implies
that even being currently sympatric and forest-dependent, they have
distinct climate niches and were likely less sympatric throughout the
Pleistocene.

Our paleoclimatic ENM showed that both species were more wide-
spread during glacial periods, which is congruent with the hypothesis
that the MAF and their associated organisms increased their distribu-
tion during the LGM (Raposo do Amaral et al., 2018b). These results are
congruent with previous studies showing larger range distributions
during the LGM (Amaro et al., 2012) or signatures of population ex-
pansion in cold-tolerant MAF species (Batalha-Filho et al., 2012) and
with the hypothesis of stable forest regions south of the Doce River
throughout the Pleistocene (Carnaval et al., 2014). Nonetheless, it is
unclear whether the observed genetic signatures of population expan-
sion, as given by the Fu’s Fs and R2 tests, are referring to expansion after
or during the glacial periods. Given that those species currently have a
smaller range distribution, genetic signatures of population size decline
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would have been expected. It is possible that the use of a few molecular
markers constrained our inference to older demographic events and we
did not have power to detect changes in a more recent timescale (i.e.
decline after the LGM). Furthermore, if populations experienced a last
severe bottleneck, the signals of older bottlenecks can be erased. A
larger number of loci will be relevant to better assess the timing of
demographic changes throughout the Pleistocene.

4.3. Population structure in H. diops

The shallow phylogeographic structure in H. diops suggests that the
two recovered lineages probably diverged during the Pleistocene. This
implies that this split cannot be reconciled with the major orogenic
activity in the Doce River valley (ca. 480 million years ago; Neto et al.,
1995; Tedeschi et al., 2016). Additionally, extensive and continuous
montane forests are present along its headwaters, where this and other
AF species (including other montane species) are found (Maldonado-
Coelho, 2012). The permeability of the small tributaries of the Doce
River in the headwaters is supported by the evidence that individuals
with haplotypes of the Southern lineage were found on both sides of the
river. Hence, the signatures of demographic expansion and the larger
range of the past distributions during the LGM indicated that popula-
tion divergence in H. diops might be a consequence of historical range
fragmentation during interglacial periods.

The Doce River coincides with the phylogeographic break of other
species of birds endemic to the AF (Cabanne et al., 2008; Maldonado-
Coelho, 2012). The northern bank of the Doce River coincides with the
Bahia Refugium and the southern bank coincides with the São Paulo
Refugium (Carnaval and Moritz, 2008). The presence of two mi-
tochondrial lineages suggest that populations of H. diops were able to
persist in the south and in the north, instead of persisting in just one of
these regions and later dispersing to the other, as proposed by some of
the previous (Carnaval et al., 2009) and more recent (Carnaval et al.,
2014) hypotheses about the AF refugia.

5. Conclusions

Our study revealed both incongruent and congruent evolutionary
history patterns in two sympatric MAF passerine birds with distinct
ecologies and life-histories. The incongruent population structure pat-
tern shown in our comparative study indicates that life history and
ecological traits can be important in diversification processes. Further
investigations of these traits are needed to clarify their micro-evolu-
tionary role. Congruent aspects we observed were the genetic sig-
natures of population expansion and broader range distributions during
the LGM. Additionally, we documented a phylogeography break for H.
diops that is congruent with the Doce River, supporting the hypothesis
that this river could be a secondary barrier delimitating distinct bio-
geographical regions within the AF.

Author contribution

This study was part of the Master’s thesis of TSR, who contributed to
data collection, design, analysis, and writing. HBF was involved in
conceptualization, formal analysis, visualization, and writing. LFS
contributed to data collection. CYM contributed to lab resources, de-
sign, and writing. MMC contributed to data collection, design, analysis,
and writing.

Declaration of Competing Interest

None.

Acknowledgments

This study was part of the Master’s thesis of TSR and it was devel-
oped in the Laboratório de Genética e Evolução Molecular de Aves
(LGEMA) and in the Research Center on Biodiversity and Computing
(BioComp), Universidade de São Paulo (USP). We thank Fabrício R.
Santos, Marcelo F. de Vasconcelos, Marcos Raposo, and Romulo Ribon
for access to genetic samples under their care and all ornithologists who
deposited all these samples in their labs. We thank Ana Cristina Fazza,
Claydson Assis, Fábio Raposo do Amaral, Luciano Lima, and Marcelo
Ferreira de Vasconcelos for their immense help with field work. We
thank previous students and collaborators of the LGEMA for collecting
some samples used in this study. We thank Rafael Nogueira Figueiredo,
for assistance editing the figures. We are thankful to associated editor
Fabian Michelangeli and two anonymous reviewers for insightful
comments that improved the manuscript. We are thankful to following
funding sources: Fundação de Amparo à Pesquisa do Estado de São
Paulo (FAPESP/ BIOTA, 2013/50297-0 and 2011/05399-3), NSF (DOB
1343578), NASA, Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior (CAPES), and Conselho Nacional de Desenvolvimento
Científico e Tecnológico (CNPq, 303713/2015-1 and 302291/2015-6).
M.M.-C. is grateful to the US National Science Foundation (Doctoral
Dissertation Improvement Grant OISE-0555482), Whitney R. Harris
World Ecology Center (Parker-Gentry Fellowship) at University of
Missouri-St Louis, University of Missouri-St Louis Department of
Biology (Raven Fellowship), the American Museum of Natural History
(Frank Chapman Memorial Fund), St Louis Audubon Society, Sigma Xi
(Grants in Aid for Research), and Idea Wild for funds. Instituto
Brasileiro de Meio Ambiente e dos Recursos Naturais Renováveis
(IBAMA) and Instituto Chico Mendes de Conservação da Biodiversidade
(ICMBio) provided collecting permits (collecting permit numbers
14673-1 and 11013-2).

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ympev.2020.106925.

References

Amaro, R.C., Rodrigues, M.T., Yonenaga-Yassuda, Y., Carnaval, A.C., 2012. Demographic
processes in the montane Atlantic rainforest: molecular and cytogenetic evidence
from the endemic frog Proceratophrys boiei. Mol. Phylogenet. Evol. 62, 880–888.
https://doi.org/10.1016/j.ympev.2011.11.004.

Antonelli, A., 2015. Biodiversity: Multiple origins of mountain life. Nature 524, 300–301.
https://doi.org/10.1038/nature14645.

Arbogast, B.S., Kenagy, G.J., 2001. Comparative phylogeography as an integrative ap-
proach to historical biogeography. J. Biogeogr. 28, 819–825. https://doi.org/10.
1046/j.1365-2699.2001.00594.x.

Avise, J.C., 2000. Phylogeography: The History and Formation of Species. Harvard
University Press.

Avise, J.C., Bowen, B.W., Ayala, F.J., 2016. In the light of evolution X: Comparative
phylogeography. Proc. Natl. Acad. Sci. U. S. A. 113, 7957–7961. https://doi.org/10.
1073/pnas.1604338113.

Bandelt, H.J., Forster, P., Röhl, A., 1999. Median-joining networks for inferring in-
traspecific phylogenies. Mol. Biol. Evol. 16, 37–48. https://doi.org/10.1093/
oxfordjournals.molbev.a026036https://doi.org/10.1093/oxfordjournals.molbev.
a026036.

Barçante, L., Vale, M.M., Alves, M.A.S., 2017. Altitudinal migration by birds: a review of
the literature and a comprehensive list of species. J. Field Ornithol. 88, 321–335.
https://doi.org/10.1111/jofo.12234.

Batalha-Filho, H., Cabanne, G.S., Miyaki, C.Y., 2012. Phylogeography of an Atlantic forest
passerine reveals demographic stability through the last glacial maximum. Mol.
Phylogenet. Evol. 65, 892–902. https://doi.org/10.1016/j.ympev.2012.08.010.

Bermingham, E., Avise, J.C., 1986. Molecular zoogeography of freshwater fishes in the
southeastern United States. Genetics 113, 939–965.

Bermingham, E., Moritz, C., 1998. Comparative phylogeography: Concepts and applica-
tions. Mol. Ecol. 7, 367–369. https://doi.org/10.1046/j.1365-294x.1998.00424.x.

Boyle, W.A., 2008. Partial migration in birds: tests of three hypotheses in a tropical
lekking frugivore. J. Anim. Ecol. 77, 1122–1128. https://doi.org/10.1111/j.1365-
2656.2008.01451.x.

Bruen, T.C., Philippe, H., Bryant, D., 2006. A simple and robust statistical test for de-
tecting the presence of recombination. Genetics 172, 2665–2681. https://doi.org/10.

T. da Silva Ribeiro, et al. Molecular Phylogenetics and Evolution 153 (2020) 106925

7

https://doi.org/10.1016/j.ympev.2020.106925
https://doi.org/10.1016/j.ympev.2020.106925
https://doi.org/10.1016/j.ympev.2011.11.004
https://doi.org/10.1038/nature14645
https://doi.org/10.1046/j.1365-2699.2001.00594.x
https://doi.org/10.1046/j.1365-2699.2001.00594.x
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0020
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0020
https://doi.org/10.1073/pnas.1604338113
https://doi.org/10.1073/pnas.1604338113
https://doi.org/10.1093/oxfordjournals.molbev.a026036https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1093/oxfordjournals.molbev.a026036https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1093/oxfordjournals.molbev.a026036https://doi.org/10.1093/oxfordjournals.molbev.a026036
https://doi.org/10.1111/jofo.12234
https://doi.org/10.1016/j.ympev.2012.08.010
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0045
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0045
https://doi.org/10.1046/j.1365-294x.1998.00424.x
https://doi.org/10.1111/j.1365-2656.2008.01451.x
https://doi.org/10.1111/j.1365-2656.2008.01451.x
https://doi.org/10.1534/genetics.105.048975


1534/genetics.105.048975.
Bruford, M.W., Hanotte, O., Brookfield, J.F.Y., Burke, T., 1992. Single-locus and multi-

locus DNA fingerprinting. In: Hoelzel, A.R. (Ed.), Molecular Genetic Analysis of
Populations – A Practical Approach. Oxford University Press.

Burney, C.W., Brumfield, R.T., 2009. Ecology predicts levels of genetic differentiation in
Neotropical birds. Ame. Nat. 174, 358–368. https://doi.org/10.2307/40306064.

Cabanne, G.S., d’Horta, F.M., Sari, E.H.R., Santos, F.R., Miyaki, C.Y., 2008. Nuclear and
mitochondrial phylogeography of the Atlantic forest endemic Xiphorhynchus fuscus
(Aves: Dendrocolaptidae): biogeography and systematics implications. Mol.
Phylogenet. Evol. 49, 760–773. https://doi.org/10.1016/j.ympev.2008.09.013.

Cabanne, G.S., Sari, E.H.R., Meyer, D., Santos, F.R., Miyaki, C.Y., 2013. Matrilineal evi-
dence for demographic expansion, low diversity and lack of phylogeographic struc-
ture in the Atlantic forest endemic Greenish Schiffornis Schiffornis virescens (Aves:
Tityridae). J. Ornithol. 154, 371–384. https://doi.org/10.1007/s10336-012-0901-8.

Carnaval, A.C., Hickerson, M.J., Haddad, C.F.B., Rodrigues, M.T., Moritz, C., 2009.
Stability predicts genetic diversity in the Brazilian Atlantic forest hotspot. Science
323, 785–789. https://doi.org/10.1126/science.1166955.

Carnaval, A.C., Moritz, C., 2008. Historical climate modelling predicts patterns of current
biodiversity in the Brazilian Atlantic forest. J. Biogeogr. 35, 1187–1201. https://doi.
org/10.1111/j.1365-2699.2007.01870.x.

Carnaval, A.C., Waltari, E., Rodrigues, M.T., Rosauer, D., VanDerWal, J., Damasceno, R.,
Prates, I., Strangas, M., Spanos, Z., Rivera, D., Pie, M.R., Firkowski, C.R., Bornschein,
M.R., Ribeiro, L.F., Moritz, C., 2014. Prediction of phylogeographic endemism in an
environmentally complex biome. Proc. Biol. Sci. 281. https://doi.org/10.1098/rspb.
2014.1461.

Ditchfield, A.D., 2000. The comparative phylogeography of Neotropical mammals: pat-
terns of intraspecific mitochondrial DNA variation among bats contrasted to non-
volant small mammals. Mol. Ecol. 9, 1307–1318. https://doi.org/10.1046/j.1365-
294x.2000.01013.x.

DuVal, E.H., Kempenaers, B., 2008. Sexual selection in a lekking bird: the relative op-
portunity for selection by female choice and male competition. Proc. R. Soc. B 275,
1995–2003. https://doi.org/10.1098/rspb.2008.0151.

Excoffier, L., Lischer, H.E.L., 2010. Arlequin suite ver 3.5: a new series of programs to
perform population genetics analyses under Linux and Windows. Mol. Ecol. Resour.
10, 564–567. https://doi.org/10.1111/j.1755-0998.2010.02847.x.

Excoffier, L., Smouse, P.E., Quattro, J.M., 1992. Analysis of molecular variance inferred
from metric distances among DNA haplotypes: application to human mitochondrial
DNA restriction data. Genetics 131, 479–491.

Fjeldså, J., Bowie, R.C.K., Rahbek, C., 2012. The Role of Mountain Ranges in the
Diversification of Birds. Annu. Rev. Ecol. Evol. Syst. 43, 249–265. https://doi.org/10.
1146/annurev-ecolsys-102710-145113.

Foster, M.S., 1981. Cooperative behavior and social organization of the Swallow-tailed
Manakin (Chiroxiphia caudata). Behav. Ecol. Sociobiol. 9, 167–177. https://doi.org/
10.1007/BF00302934.

Friesen, V.L., Congdon, B.C., Walsh, H.E., Birt, T.P., 1997. Intron variation in marbled
murrelets detected using analyses of single-stranded conformational polymorphisms.
Mol. Ecol. 6, 1047–1058. https://doi.org/10.1046/j.1365-294X.1997.00277.x.

Fu, Y.X., 1997. Statistical tests of neutrality of mutations against population growth,
hitchhiking and background selection. Genetics 147, 915–925.

Gutiérrez-García, T.A., Vázquez-Domínguez, E., 2011. Comparative Phylogeography:
Designing Studies while Surviving the Process. Bioscience 61, 857–868. https://doi.
org/10.1525/bio.2011.61.11.5.

Hickerson, M.J., Carstens, B.C., Cavender-Bares, J., Crandall, K.A., Graham, C.H.,
Johnson, J.B., Rissler, L., Victoriano, P.F., Yoder, A.D., 2010. Phylogeography's past,
present, and future: 10 years after Avise, 2000. Mol. Phylogenet. Evol. 54, 291–301.
https://doi.org/10.1016/j.ympev.2009.09.016.

Hijmans, R.J., Guarino, L., Bussink, C., Mathur, P., Cruz, M., Barrentes, I., Rojas, E., 2004.
DIVA-GIS. Vsn. 5.0. A geographic information system for the analysis of species
distribution data. Manual available at http://www.diva-gis.org.

Hijmans, R.J., van Etten, J., 2014. raster: Geographic data analysis and modeling. R
package version 2.

Huson, D.H., Bryant, D., 2006. Application of phylogenetic networks in evolutionary
studies. Mol. Biol. Evol. 23, 254–267. https://doi.org/10.1093/molbev/msj030.

Janzen, D.H., 1967. Why mountain passes are higher in the tropics. Am. Nat. 101,
233–249. https://doi.org/10.1086/282487.

Knowles, L.L., Massatti, R., 2017. Distributional shifts - not geographic isolation - as a
probable driver of montane species divergence. Ecography 40, 1475–1485. https://
doi.org/10.1111/ecog.02893.

Kozak, K.H., Wiens, J.J., 2006. Does niche conservatism promote speciation? A case study
in North American salamanders. Evolution 60, 2604–2621. https://doi.org/10.1111/
j.0014-3820.2006.tb01893.x.

Levey, D.J., Stiles, F.G., 1992. Evolutionary precursors of long-distance migration: re-
source availability and movement patterns in Neotropical landbirds. Am. Nat. 140,
447–476. https://doi.org/10.1086/285421.

Librado, P., Rozas, J., 2009. DnaSP v5: a software for comprehensive analysis of DNA
polymorphism data. Bioinformatics 25, 1451–1452. https://doi.org/10.1093/
bioinformatics/btp187.

Loiselle, B.A., Blake, J.G., 1991. Temporal variation in birds and fruits along an eleva-
tional gradient in Costa Rica. Ecology 72, 180–193. https://doi.org/10.2307/
1938913.

Maldonado-Coelho, M., 2012. Climatic oscillations shape the phylogeographical structure
of Atlantic Forest fire-eye antbirds (Aves: Thamnophilidae). Biol. J. Linn. Soc. Lond.
105, 900–924. https://doi.org/10.1111/j.1095-8312.2011.01823.x.

Mallet-Rodrigues, F., Parrini, R., Pimentel, L.M.S., Bessa, R., 2010. Altitudinal distribu-
tion of birds in a mountainous region in southeastern Brazil. Zoologia 27, 503–522.
https://doi.org/10.1590/S1984-46702010000400003.

McDonald, D.B., 1993. Demographic consequences of sexual selection in the long-tailed
manakin. Behav. Ecol. 4, 297–309. https://doi.org/10.1093/beheco/4.4.297.

Neto, M.C.C., Campos Neto, M.C., Figueiredo, M.C.H., 1995. The Rio Doce orogeny,
Southeastern Brazil. J. S. Am. Earth Sci. 8, 143–162. https://doi.org/10.1016/0895-
9811(95)00002-w.

Paithankar, K.R., Prasad, K.S., 1991. Precipitation of DNA by polyethylene glycol and
ethanol. Nucleic Acids Res. 19, 1346. https://dx.doi.org/10.1093%2Fnar%2F19.6.
1346.

Papadopoulou, A., Knowles, L.L., 2016. Toward a paradigm shift in comparative phylo-
geography driven by trait-based hypotheses. Proc. Natl. Acad. Sci. U. S. A. 113,
8018–8024. https://doi.org/10.1073/pnas.1601069113.

Parrini, R., 2015. Quatro Estações. Technical Books, História Natural das Aves na Mata
Atlântica. Uma Abordagem Trófica.

Paynter, R.A., Traylor, M.A., 1991. Ornithological gazetteer of Brazil / Raymond A.
Paynter, Jr. and Melvin A. Traylor, Jr. Obtainable from Bird Dept., Museum of
Comparative Zoology, Harvard University, Cambridge, Mass. : https://doi.org/10.
5962/bhl.title.14635.

Paz, A., Ibáñez, R., Lips, K.R., Crawford, A.J., 2015. Testing the role of ecology and life
history in structuring genetic variation across a landscape: a trait-based phylogeo-
graphic approach. Mol. Ecol. 24, 3723–3737. https://doi.org/10.1111/mec.13275.

Phillips, S.J., Anderson, R.P., Schapire, R.E., 2006. Maximum entropy modeling of species
geographic distributions. Ecol. Modell. 190, 231–259. https://doi.org/10.1016/j.
ecolmodel.2005.03.026.

Polato, N.R., Gill, B.A., Shah, A.A., Gray, M.M., Casner, K.L., Barthelet, A., Messer, P.W.,
Simmons, M.P., Guayasamin, J.M., Encalada, A.C., Kondratieff, B.C., Flecker, A.S.,
Thomas, S.A., Ghalambor, C.K., Poff, N.L., Funk, W.C., Zamudio, K.R., 2018. Narrow
thermal tolerance and low dispersal drive higher speciation in tropical mountains.
Proc. Natl. Acad. Sci. U. S. A. https://doi.org/10.1073/pnas.1809326115.

Prates, I., Xue, A.T., Brown, J.L., Alvarado-Serrano, D.F., Rodrigues, M.T., Hickerson,
M.J., Carnaval, A.C., 2016. Inferring responses to climate dynamics from historical
demography in Neotropical forest lizards. Proc. Natl. Acad. Sci. U. S. A. 113,
7978–7985. https://doi.org/10.1073/pnas.1601063113.

Ramos-Onsins, S.E., Rozas, J., 2002. Statistical properties of new neutrality tests against
population growth. Mol. Biol. Evol. 19, 2092–2100. https://doi.org/10.1093/
oxfordjournals.molbev.a004034.

Raposo do Amaral, F., Albers, P.K., Edwards, S.V., Miyaki, C.Y., 2013. Multilocus tests of
Pleistocene refugia and ancient divergence in a pair of Atlantic Forest antbirds
(Myrmeciza). Mol. Ecol. 22, 3996–4013. https://doi.org/10.1111/mec.12361.

Raposo do Amaral, F., Maldonado-Coelho, M., Aleixo, A., Luna, L.W., Rêgo, P.S. do,
Araripe, J., Souza, T.O., Silva, W.A.G., Thom, G. 2018a. Recent chapters of
Neotropical history overlooked in phylogeography: shallow divergence explains
phenotype and genotype uncoupling in Antilophia manakins. Mol. Ecol. 27,
4108–4120.

Raposo do Amaral, F., Alvarado-Serrano, D., Maldonado-Coelho, M., Pellegrino, K.C.M.,
Miyaki, C.Y., Montesanti, J.A.C., Lima-Ribeiro, M.S., Hickerson, M.J., Thom, G.,
2018b. Climate explains recent population divergence, introgression and persistence
in tropical mountains: phylogenomic evidence from Atlantic Forest warbling finches.
bioRxiv. https://doi.org/10.1101/439265.

Ribas, C.C., Gaban-Lima, R., Miyaki, C.Y., Cracraft, J., 2005. Historical biogeography and
diversification within the Neotropical parrot genus Pionopsitta (Aves: Psittacidae). J.
Biogeogr. 32, 1409–1427. https://doi.org/10.1111/j.1365-2699.2005.01289.x.

Riddle, B.R., 2016. Comparative phylogeography clarifies the complexity and problems of
continental distribution that drove A. R. Wallace to favor islands. Proc. Natl. Acad.
Sci. U. S. A. 113, 7970–7977. https://doi.org/10.1073/pnas.1601072113.

Ridgely, R.S., Tudor, G., Brown, W.L., World Wildlife Fund, 1989. The Birds of South
America: Vol. II, The Suboscine Passerines. University of Texas Press.

Saether, B.-E., Lande, R., Engen, S., Weimerskirch, H., Lillegård, M., Altwegg, R., Becker,
P.H., Bregnballe, T., Brommer, J.E., McCleery, R.H., Merilä, J., Nyholm, E., Rendell,
W., Robertson, R.R., Tryjanowski, P., Visser, M.E., 2005. Generation time and tem-
poral scaling of bird population dynamics. Nature 436, 99–102. https://doi.org/10.
1038/nature03666.

Smith, B.T., McCormack, J.E., Cuervo, A.M., Hickerson, M.J., Aleixo, A., Cadena, C.D.,
Pérez-Emán, J., Burney, C.W., Xie, X., Harvey, M.G., Faircloth, B.C., Glenn, T.C.,
Derryberry, E.P., Prejean, J., Fields, S., Brumfield, R.T., 2014. The drivers of tropical
speciation. Nature 515, 406–409. https://doi.org/10.1038/nature13687.

Sorenson, M.D., Ast, J.C., Dimcheff, D.E., Yuri, T., Mindell, D.P., 1999. Primers for a PCR-
based approach to mitochondrial genome sequencing in birds and other vertebrates.
Mol. Phylogenet. Evol. 12, 105–114. https://doi.org/10.1006/mpev.1998.0602.

Stephens, M., Smith, N.J., Donnelly, P., 2001. A new statistical method for haplotype
reconstruction from population data. Am. J. Hum. Genet. 68, 978–989. https://doi.
org/10.1086/319501.

Stotz, D.F., Fitzpatrick, J.W., Parker III, T.A., Moskovits, D.K., 1996. Neotropical Birds:
Ecology and Conservation. University of Chicago Press.

Sullivan, J., Arellano, E., Rogers, D.S., 2000. Comparative phylogeography of mesoa-
merican highland rodents: concerted versus independent response to past climatic
fluctuations. Am. Nat. 155, 755–768. https://doi.org/10.1086/303362.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., Kumar, S., 2011. MEGA5:
molecular evolutionary genetics analysis using maximum likelihood, evolutionary
distance, and maximum parsimony methods. Mol. Biol. Evol. 28, 2731–2739. https://
doi.org/10.1093/molbev/msr121.

Tedeschi, M., Novo, T., Pedrosa-Soares, A., Dussin, I., Tassinari, C., Silva, L.C., Gonçalves,
L., Alkmim, F., Lana, C., Figueiredo, C., Dantas, E., Medeiros, S., De Campos, C.,
Corrales, F., Heilbron, M., 2016. The Ediacaran Rio Doce magmatic arc revisited
(Araçuaí-Ribeira orogenic system, SE Brazil). J. South Amer. Earth Sci. 68, 167–186.
https://doi.org/10.1016/j.jsames.2015.11.011.

Terribile, L.C., Lima-Ribeiro, M.S., Araújo, M.B., Bizão, N., Collevatt, R.G., Dobrovolski,

T. da Silva Ribeiro, et al. Molecular Phylogenetics and Evolution 153 (2020) 106925

8

https://doi.org/10.1534/genetics.105.048975
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0065
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0065
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0065
https://doi.org/10.2307/40306064
https://doi.org/10.1016/j.ympev.2008.09.013
https://doi.org/10.1007/s10336-012-0901-8
https://doi.org/10.1126/science.1166955
https://doi.org/10.1111/j.1365-2699.2007.01870.x
https://doi.org/10.1111/j.1365-2699.2007.01870.x
https://doi.org/10.1098/rspb.2014.1461
https://doi.org/10.1098/rspb.2014.1461
https://doi.org/10.1046/j.1365-294x.2000.01013.x
https://doi.org/10.1046/j.1365-294x.2000.01013.x
https://doi.org/10.1098/rspb.2008.0151
https://doi.org/10.1111/j.1755-0998.2010.02847.x
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0115
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0115
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0115
https://doi.org/10.1146/annurev-ecolsys-102710-145113
https://doi.org/10.1146/annurev-ecolsys-102710-145113
https://doi.org/10.1007/BF00302934
https://doi.org/10.1007/BF00302934
https://doi.org/10.1046/j.1365-294X.1997.00277.x
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0135
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0135
https://doi.org/10.1525/bio.2011.61.11.5
https://doi.org/10.1525/bio.2011.61.11.5
https://doi.org/10.1016/j.ympev.2009.09.016
http://www.diva-gis.org
https://doi.org/10.1093/molbev/msj030
https://doi.org/10.1086/282487
https://doi.org/10.1111/ecog.02893
https://doi.org/10.1111/ecog.02893
https://doi.org/10.1111/j.0014-3820.2006.tb01893.x
https://doi.org/10.1111/j.0014-3820.2006.tb01893.x
https://doi.org/10.1086/285421
https://doi.org/10.1093/bioinformatics/btp187
https://doi.org/10.1093/bioinformatics/btp187
https://doi.org/10.2307/1938913
https://doi.org/10.2307/1938913
https://doi.org/10.1111/j.1095-8312.2011.01823.x
https://doi.org/10.1590/S1984-46702010000400003
https://doi.org/10.1093/beheco/4.4.297
https://doi.org/10.1016/0895-9811(95)00002-w
https://doi.org/10.1016/0895-9811(95)00002-w
https://doi.org/10.1073/pnas.1601069113
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0225
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0225
https://doi.org/10.1111/mec.13275
https://doi.org/10.1016/j.ecolmodel.2005.03.026
https://doi.org/10.1016/j.ecolmodel.2005.03.026
https://doi.org/10.1073/pnas.1601063113
https://doi.org/10.1093/oxfordjournals.molbev.a004034
https://doi.org/10.1093/oxfordjournals.molbev.a004034
https://doi.org/10.1111/j.1365-2699.2005.01289.x
https://doi.org/10.1073/pnas.1601072113
https://doi.org/10.1038/nature03666
https://doi.org/10.1038/nature03666
https://doi.org/10.1038/nature13687
https://doi.org/10.1006/mpev.1998.0602
https://doi.org/10.1086/319501
https://doi.org/10.1086/319501
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0310
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0310
https://doi.org/10.1086/303362
https://doi.org/10.1093/molbev/msr121
https://doi.org/10.1093/molbev/msr121
https://doi.org/10.1016/j.jsames.2015.11.011


R., Franco, A.A., Guilhaumon, F., Lima, J. de S., Murakami, D.M., Others, 2012. Areas
of climate stability of species ranges in the Brazilian Cerrado: disentangling un-
certainties through time. Natureza & Conservação 10, 152-159. http://doi.editor-
acubo.com.br/10.4322/natcon.2012.025.

Thompson, J.D., Higgins, D.G., Gibson, T.J., 1994. CLUSTAL W: improving the sensitivity
of progressive multiple sequence alignment through sequence weighting, position-
specific gap penalties and weight matrix choice. Nucleic Acids Res. 22, 4673–4680.
https://doi.org/10.1093/nar/22.22.4673.

Villegas, M., Newsome, S.D., Blake, J.G., 2016. Seasonal patterns in δ2H values of mul-
tiple tissues from Andean birds provide insights into elevational migration. Ecol.
Appl. 26, 2383–2389. https://doi.org/10.1002/eap.1456.

Wakeley, J., Aliacar, N., 2001. Gene genealogies in a metapopulation. Genetics 159,
893–905.

Wiens, J.J., 2004. Speciation and ecology revisited: phylogenetic niche conservatism and
the origin of species. Evolution 58, 193–197. https://doi.org/10.1111/j.0014-3820.
2004.tb01586.x.

Wright, S., 1943. Isolation by Distance. Genetics 28, 114–138.
Zamudio, K.R., Bell, R.C., Mason, N.A., 2016. Phenotypes in phylogeography: species’

traits, environmental variation, and vertebrate diversification. Proc. Natl. Acad. Sci.
U. S. A. 113, 8041–8048. https://doi.org/10.1073/pnas.1602237113.

Zink, R.M., 1996. Comparative phylogeography in NorthAmerican birds. Evolution 50,
308–317. https://doi.org/10.1111/j.1558-5646.1996.tb04494.x.

Zink, R.M., Kessen, A.E., Line, T.V., Blackwell-Rago, R.C., 2001. Comparative phylogeo-
graphy of some aridland bird species. Condor 103, 1–10. https://doi.org/10.1093/
condor/103.1.1.

T. da Silva Ribeiro, et al. Molecular Phylogenetics and Evolution 153 (2020) 106925

9

https://doi.org/10.1093/nar/22.22.4673
https://doi.org/10.1002/eap.1456
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0345
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0345
https://doi.org/10.1111/j.0014-3820.2004.tb01586.x
https://doi.org/10.1111/j.0014-3820.2004.tb01586.x
http://refhub.elsevier.com/S1055-7903(20)30197-4/h0355
https://doi.org/10.1073/pnas.1602237113
https://doi.org/10.1111/j.1558-5646.1996.tb04494.x
https://doi.org/10.1093/condor/103.1.1
https://doi.org/10.1093/condor/103.1.1

	Life history and ecology might explain incongruent population structure in two co-distributed montane bird species of the Atlantic Forest
	1 Introduction
	2 Materials and methods
	2.1 Sampling
	2.2 Molecular markers and molecular analyses
	2.3 Data analysis
	2.4 Population structure and demographic history
	2.5 Ecological niche modeling

	3 Results
	3.1 Molecular data
	3.2 Phylogeographic structure
	3.3 Demographic history
	3.4 Ecological niche modeling

	4 Discussion
	4.1 Phylogeographic discordance between species
	4.2 Demographic concordance between species
	4.3 Population structure in H. diops

	5 Conclusions
	Author contribution
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary material
	References




