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Abstract

The infraorder Furnariides is a diverse group of suboscine passerine birds comprising a substantial component of the Neotropical
avifauna. The included species encompass a broad array of morphologies and behaviours, making them appealing for evolutionary
studies, but the size of the group (ca. 600 species) has limited well-sampled higher-level phylogenetic studies. Using DNA sequence
data from the nuclear RAG-1 and RAG-2 exons, we undertook a phylogenetic analysis of the Furnariides sampling 124 (more than
88%) of the genera. Basal relationships among family-level taxa differed depending on phylogenetic method, but all topologies had
little nodal support, mirroring the results from earlier studies in which discerning relationships at the base of the radiation was also
difficult. In contrast, branch support for family-rank taxa and for many relationships within those clades was generally high. Our
results support the Melanopareidae and Grallariidae as distinct from the Rhinocryptidae and Formicariidae, respectively. Within
the Furnariides our data contradict some recent phylogenetic hypotheses and suggest that further study is needed to resolve these
discrepancies. Of the few genera represented by multiple species, several were not monophyletic, indicating that additional
systematic work remains within furnariine families and must include dense taxon sampling. We use this study as a basis for
proposing a new phylogenetic classification for the group and in the process erect new family-group names for clades having high
branch support across methods.
! The Willi Hennig Society 2009.

The infraorder Furnariides (new name, following
proposed rank-suffixes of Sibley et al., 1988; equivalent
to Furnariida of Irestedt et al., 2002; and Ericson et al.,
2003a,b) is a large Neotropical clade of about 600
species that encompasses a diverse array of morpholog-
ies and behaviours. The group, although more species-
rich and abundant in tropical forests, occurs in all major
South American habitats, including montane forest, arid
scrub, and wetlands, and some taxa (e.g. the Furnarii-

dae) are richly represented in the temperate regions of
southern South America. The ovenbirds (Furnariidae,
236 species) are small, generally brown (or sometimes
grey) insectivores, well known for their diversity of nest
architecture (e.g. Zyskowski and Prum, 1999). Wood-
creepers (Dendrocolaptidae, 52 species) are adapted for
bark clinging and probing and have long bills and
stiffened tail rachises. Typical antbirds (Thamnophili-
dae, 209 species) have converged on common avian
ecomorphologies, as revealed by the English names of
some subgroups, such as antshrikes, antvireos, and
antwrens. Ground-antbirds (here termed Grallariidae,
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63 species) include species of two distinct ecomorphol-
ogies, the long-legged terrestrial antpittas and the more
arboreal antthrushes. The gnateaters (Conopophagidae,
eight species) are small stocky birds of the forest
understorey, and the tapaculos (Rhinocryptidae, 55
species) are secretive terrestrial species with short wings
and tails and long tarsi. Male gnateaters (in all but one
species) are characterized by a striking white or silvery
postocular stripe (or tuft).

The Furnariides have long been considered a cohesive
evolutionary unit. All species in the group have a unique
tracheophone syrinx (Ames, 1971), and monophyly of
the Furnariides has been supported by several molecular
studies (Sibley and Ahlquist, 1985, 1990; Irestedt et al.,
2001, 2002; Chesser, 2004). Relationships among and
within families, as well as phylogenetic affinities of some
unusual taxa, have been the focus of most molecular
studies of the group. Two studies used a combination of
nuclear and mitochondrial DNA sequence data to
reconstruct higher-level relationships within the parvor-
ders Thamnophilida + Furnariida (names after Sibley
et al., 1988) (Irestedt et al., 2002) and, more generally,
the entire New World suboscine clade (Chesser, 2004).
Although the two studies included only a small number
of species relative to the size of the group, and thus had
few taxa in common, they converged on some of the same
conclusions, identifying well-supported core clades and
placing some aberrant genera within that phylogenetic
framework. Strong bootstrap support in both studies
indicated that the family ‘‘Furnariidae’’ as previously
delimited (Vaurie, 1971, 1980) is not monophyletic if the
Dendrocolaptidae are excluded; moreover, two
‘‘furnariid’’ genera (Geositta and Sclerurus) are basal to
a sister-pairing of the Dendrocolaptidae and all other

furnariid species (Fig. 1). Branching basally from the
furnariid ⁄dendrocolaptid clade were three clades with
largely unresolved relationships, the Rhinocryptidae
(minus Melanopareia) and two clades traditionally asso-
ciated with a family-level taxon, the Formicariidae.
Neither study recovered a monophyletic Formicariidae.
Basal nodes in both studies were weakly supported,
although both found the Thamnophilidae, Conopoph-
agidae, and the rhinocryptid genus Melanopareia to be
basal to all other taxa. Support for the monophyly of
most higher-level taxa, except as noted above, was high.
These studies, together with others (e.g. Rice, 2005a, b),
indicated that the infraorder Furnariides, as delimited
here, consists of the following major groupings: Tham-
nophilidae (typical antbirds), Melanopareidae (crescent-
chests of the genus Melanopareia), Conopophagidae
(gnateaters of the genus Conopophaga and antpittas of
the genus Pittasoma), Grallariidae (antpittas of the
genera Grallaria, Myrmothera, Grallaricula, and Hylop-
ezus), Rhinocryptidae (tapaculos excluding Melano-
pareia), Formicariidae (antthrushes, comprising the
genera Formicarius and Chamaeza), Scleruridae (Scleru-
rus + Geositta), Dendrocolaptidae (woodcreepers), and
the Furnariidae (ovenbirds).

Other recent studies have addressed relationships
within families and produced some unexpected results.
Irestedt et al. (2004a) analysed DNA sequences from a
mitochondrial gene and two nuclear introns from
representatives of the Thamnophilidae. Four genera
(Terenura, Myrmornis, Pygiptila, and Thamnistes)
formed a clade that was sister to all other taxa. The
rest of the family was split into two clades: (i) the
antshrikes, antvireos, and Herpsilochmus antwrens, and
(ii) all other taxa. Brumfield et al. (2007) analysed
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Fig. 1. Summary of recent higher-level molecular phylogenetic results for the Furnariides. (a) Maximum-parsimony analysis of three nuclear and
one mitochondrial marker, with bootstraps proportions by nodes from Irestedt et al. (2002). (b) Maximum-likelihood analysis of a nuclear intron,
with bootstrap proportions by nodes from Chesser (2004).
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sequences from three mitochondrial genes and one
nuclear intron in 70 thamnophilid species. They found
Terenura to be sister to a large clade of all other taxa,
within which a clade of Myrmornis, Pygiptila, and
Thamnistes was basal. Irestedt et al. (2004b) used one
intron and one mitochondrial gene to assess congruence
between molecular and morphological data (Feduccia,
1973; Raikow, 1994) in the woodcreepers. Notable
relationships recovered by the molecular data included
a basal position for Glyphorynchus and relatively distal
positions for Nasica and Drymornis. Morphological
data had indicated that Nasica and Drymornis were the
two basal lineages in the family (Raikow, 1994) and that
Glyphorynchus was embedded well within the radiation
(Feduccia, 1973; Raikow, 1994). Fjeldså et al. (2005)
and Irestedt et al. (2006), using the same set of markers
as Irestedt et al. (2004b), examined relationships within
their Furnariidae and Dendrocolaptinae to identify
adaptational shifts within this diverse clade. One of
their most important findings was that Xenops, tradi-
tionally considered to be an ovenbird, was the basal
branch in the woodcreeper clade. They re-interpreted
morphological evolution within the group and con-
cluded that parallel evolution between woodcreepers
and woodpeckers had occurred early in woodcreeper
diversification, and that some morphological characters
associated with vertical tree-climbing were subsequently
lost in some woodcreepers.

Although these studies have advanced our ideas about
major lineages within Furnariides and provided insight
into the systematics of particular families, no compre-
hensive phylogenetic hypothesis for the group as a
whole has been proposed. Relationships among major
lineages remain unresolved, perhaps due to sparse taxon
sampling in previous higher-level studies and the use of
sequences of relatively rapidly evolving mitochondrial
genes and nuclear introns. In the present study, we
analysed more than 4 kb of nuclear exon sequence from
more than 90% of the described genera. The combina-
tion of dense taxon sampling and a large matrix of
slowly evolving nuclear DNA sequences allowed us to
achieve a level of phylogenetic detail and support not
possible in previous work. This new phylogenetic
resolution, moreover, permits a re-evaluation of the
classification of these large groups, and we present a
phylogenetic classification for these taxa.

Materials and methods

Taxon and character sampling

We sampled individuals from each furnariine genus
for which fresh tissue was available (Appendix S1).
Single species were used as exemplars for most genera,
although selected genera suspected of being polyphyletic

were represented by additional species. Previous molec-
ular analyses (e.g. Barker et al., 2002, 2004; Ericson
et al., 2002) strongly supported a basal topology for
Passeriformes in which the oscine passerines are sister to
all suboscines. Therefore, the oscine Cyanocitta cristata
was used as the outgroup taxon in all analyses. Taxa
from the two other suboscine clades—the New World
Tyrannides (Tyrannus tyrannus and Pipra coronata),
which is the sister-group to the Thamnophilida + Fur-
nariida, and the Old World Eurylaimides (Pitta oatesi
and Smithornis capensis)— were included in the analyses
to provide a better anchor for basal splits in the two
clades of this study.

We sequenced two exons of the nuclear recombina-
tion activating gene (RAG-1 and RAG-2) for all taxa.
These gene regions have been used extensively in higher
level avian systematic studies (e.g. Groth and Barrowc-
lough, 1999; Barker et al., 2002, 2004; Beresford et al.,
2005; Moyle et al., 2006), and are effective at elucidating
relationships at a variety of taxonomic levels. Genomic
DNA was extracted from muscle tissue using proteinase
K digestion following the manufacturer!s protocol
(DNeasy tissue kit, Qiagen, Valencia, USA). The exons
were amplified using a variety of primer pairs from
Groth and Barrowclough (1999) and Barker et al. (2002,
2004). We purified PCR products with Perfectprep PCR
cleanup kits (Eppendorf). Purified PCR products were
sequenced with BigDye Terminator Cycle Sequencing
kits (Applied Biosystems, Foster City, USA). Primers
used for PCR were also used for cycle sequencing
reactions, resulting in bi-directional sequence for all
taxa. Cycle sequencing products were run out on an ABI
Prism 3100 automated DNA Sequencer (Perkin-Elmer
Applied Biosystems). The computer program Sequen-
cher 4.1 (Genecodes, Ann Arbor, USA) was used to
reconcile chromatograms of complementary fragments
and to align sequences across taxa.

Phylogenetic analysis

Prior to analysis, we used the incongruence length
difference (ILD) test (Farris et al., 1994, 1995) imple-
mented in PAUP*4.0b10 (Swofford, 2003) to explore for
congruence of phylogenetic signal between the two genes
(the efficacy of this test is discussed in the next section).
Due to the size of the data matrix, we chose phylogenetic
methods that searched the tree space both thoroughly
and efficiently, and we also made an effort to evaluate
concordance among analytical approaches. We imple-
mented a maximum-parsimony (MP)-based analysis
along with model-based analyses including both maxi-
mum likelihood (ML) and Bayesian inference (BI). All
parsimony searches used equal weighting of characters.
In searching for the shortest tree we employed the
parsimony-ratchet method of Nixon (1999), which tra-
verses large portions of tree-space by re-weighting a
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subset of the characters. Successive iterations of this
technique allow a large number of tree islands to be
sampled. Using Pauprat (Sikes and Lewis, 2001), we
constructed batch files that were then implemented in
Paup*4.0b10 (Swofford, 2003). The batch files directed
20 independent runs of 5000 ratchet iterations. We also
ran three independent heuristic searches in Paup*, each
with 100 random taxon addition replicates and tree
bisection reconnection (TBR) branch swapping. All most
parsimonious trees from the heuristic searches as well as
the trees from ratchet iterations were imported back into
Paup* and filtered to remove duplicates and non-MP
trees (from some ratchet iterations). A strict consensus
tree was constructed from this set of most parsimonious
trees. Support for nodes in the MP consensus tree was
assessed with non-parametric bootstrapping (5000 rep-
licates, ten random taxon addition replicates, five trees
saved at each replication) implemented in the program
TNT ver. 1.0 (Goloboff et al., 2008).

Prior to theMLanalysis we usedModeltest 3.7 (Posada
and Crandall, 1998) to determine the appropriate model
of evolution and to estimate parameter values. From the
Modeltest output we used the model and parameter
estimates indicated by the Akaike Information Criterion
(AIC, Posada and Buckley, 2004). An ML estimate of
phylogeny was produced with Paup* (heuristic search,
TBR branch swapping, one replicate starting from a
neighbour-joining tree reconstructed from a matrix of
p-distances) as well as with the program Phyml (Guindon
and Gascuel, 2003). Phyml utilizes a hill climbing
approach that simultaneously adjusts the topology,
branch lengths, and model parameters to maximize the
likelihood. With heuristic algorithms, especially those
designed for fast estimation of large data sets, there is a
concern that searches may get stuck in local optima and
not find the tree island with the highest likelihood. We
therefore ran five independent Phyml searches to see if
they converged on the same topology and likelihood
score. Branch support for the ML topology was assessed
with 500 non-parametric bootstrap replicates in Phyml.

The Bayesian analysis used a Metropolis-coupled
Markov-chain Monte Carlo (MCMCMC) method to
sample the posterior distribution of tree topologies and
parameters. In a majority rule consensus tree con-
structed from a large set of sampled trees, the frequency
of node occurrence should approximate the probability
of that node existing, given the data and prior proba-
bilities (BP = nodal posterior probabilities of Fig. 2).
For large data sets, Bayesian analysis has been consid-
ered to be particularly attractive because it is more
computationally feasible than traditional ML methods.
However, there are problems in the implementation of
Bayesian methods in phylogenetics and in interpretation
of the results (see below).

We performed Bayesian analysis with MrBayes 3.1.2
(Ronquist and Huelsenbeck, 2003), using two simulta-

neous runs of four chains each. Initial runs of two
million generations employed default program settings
and were used to assess convergence and mixing and to
estimate branch lengths. Differential heating allows the
heated Markov chains to travel more efficiently between
isolated peaks in tree and parameter space. It is
important to use an appropriate heating parameter that
will ensure thorough searching of tree space, but also
allow switching between chains. The temperature
parameter for heating the chains (temp) was adjusted
until the acceptance rates for swaps between chains fell
between 0.10 and 0.70.

An integral but contentious aspect of Bayesian phylo-
genetic analysis is the inclusion of prior probabilities in
the likelihood equation. Thus, probability distributions
for all parameters, including topology, branch lengths,
and substitution models, must be specified before the
analysis. Sensitivity of the posterior distribution to prior
probabilities has received much attention, and in most
instances the prior probabilities are swamped by infor-
mation in the data matrix (Rannala and Yang, 1996;
Huelsenbeck et al., 2002; Brandley et al., 2006).Recently,
however, particular concern has been raised over the
potential influence of branch-length priors (Lewis et al.,
2005; Yang and Rannala, 2005). One issue is that some
prior probability distributions may bias posterior distri-
butions when short internodes are expected. Visual
inspection of trees in the posterior distribution of
preliminary Bayesian runs indicated that short internal
nodes were common, especially in deeper portions of the
tree. Because of this we experimented with three different
branch-length priors. First, we used the default branch-
length prior inMrBayes 3.1.1 (exponential with amean of
0.10). Next, we used exponential priors with means equal
to (i) the average branch-length of all edges in the
preliminary trees, or (ii) the average of only the internal
edges (Lewis et al., 2005).

An important feature of Bayesian inference is the
ability to allow differentmodels of evolution and different
model parameters for subsets of the data (Ronquist and
Huelsenbeck, 2003;Nylander et al., 2004).WeusedBayes
factors to choose between partitioning schemes and to
avoid over-parameterization of the data (see Brandley
et al., 2005 for a discussion of the methodology and
rationale). We ran analyses using all data in a single
partition, two partitions (by gene), three partitions (by
codon position), and six partitions (by gene and by codon
position). Bayes factors were calculated using the har-
monic mean from the sump command within MrBayes.
The appropriate number of model parameters was
determined by running MrModeltest 2.2 (Nylander,
2004) on each data partition.

After the appropriate data-partitioning scheme and
evolutionary models were chosen and branch-length
priors and heating parameters were estimated, we
performed two runs of four chains for ten million
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Fig. 2. Phylogenetic analysis of the Furnariides. Maximum-likelihood tree from analysis of the combined RAG-1 and RAG-2 data set. Numbers for
clades indicate Bayesian posterior-probability ⁄maximum-likelihood bootstrap support ⁄maximum-parsimony bootstrap support, all expressed as a
percentage. Asterisks indicate 100% posterior probability or bootstrap support. Nodes that were not recovered by a particular method are
represented by a dash. Bars and labels to the right and colour coding highlight taxonomic groupings proposed in the present paper.

5R.G. Moyle et al. / Cladistics 25 (2009) 1–20



Formicarius colma
Chamaeza nobilis

Sclerurus mexicanus
Geositta poeciloptera

Geositta isabellina
Dendrocincla fuliginosa

Deconychura longicauda
Sittasomus griseicapillus

Glyphorynchus spirurus
Xiphorhynchus picus

Campylorhamphus trochilirostris
Drymornis bridgesii

Lepidocolaptes angustirostris
Nasica longirostris

Dendrexetastes rufigula
Dendrocolaptes certhia

Hylexetastes perrotii
Xiphocolaptes major

Xenops minutus
Berlepschia rikeri

Pygarrhichas albogularis
Microxenops milleri

Eremobius phoenicurus
Chilia melanura

Pseudocolaptes lawrencii
Tarphonomus harterti
Premnornis guttuligera

Upucerthia dumetaria
Cinclodes nigrofumosus

Furnarius rufus
Phleocryptes melanops

Lochmias nematura
Ancistrops strigilatus

Thripadectes rufobrunneus
Hyloctistes subulatus
Automolus infuscatus
Megaxenops parnaguae

Anabazenops fuscus
Philydor pyrrhodes

Heliobletus contaminatus
Anabacerthia striaticollis
Syndactyla rufosuperciliata

Simoxenops ucayalae
Premnoplex brunnescens

Margarornis rubiginosus
Aphrastura spinicauda

Leptasthenura aegithaloides
Sylviorthorhynchus desmursii

Spartonoica maluroides
Pseudoseisura lophotes

Phacellodomus rufifrons
Anumbius annumbi

Coryphistera alaudina
Schoeniophylax phryganophilus
Certhiaxis cinnamomeus

Poecilurus scutatus
Gyalophylax hellmayri

Synallaxis stictothorax
Synallaxis albescens

Hellmayrea gularis
Asthenes baeri

Schizoeaca helleri
Asthenes urubambensis

Asthenes humilis
Acrobatornis fonsecai

Metopothrix aurantiaca
Xenerpestes singularis

Limnoctites rectirostris
Cranioleuca erythrops

Siptornis striaticollis
Thripophaga fusciceps

Roraimia adusta

0.01

*/99/94

*/*/98

*/88/71

*/81/72

*/96/88
*/*/99

*/*/97

99/70/55

*/99/94

*/96/77

*/91/82
*/97/94

83/62/-

*/*/98

99/76/66
91/77/<50

*/93/84

*/*/*

*/99/86

99/96/65

*/*/99

*/98/94

*/*/95

*/*/*

*/93/86
*/*/99

*/*/*

*/84/77

*/85/76

*/81/83

*/*/99

97/66/54

87/91/?
99/75/58

87/56/-

*/91/79

78/54/-

*/88/77

*/97/90

*/*/99
*/96/93

*/96/88

*/73/73
*/99/98

*/82/68

*/87/75

*/94/90
*/89/80

*/97/98

*/97/94
*/96/95*/*/*

*/96/82
98/84/68

*/99/96

99/77/55

*/74/56

97/67/<50

*/96/95

(b)

F
ur

na
rii

da
e

Fo
rm

ic
ar

iid
ae

“F
ur

na
rii

na
e”

D
en

dr
oc

ol
ap

tid
aeS

cl
er

ur
id

ae

P
yg

ar
rh

ic
hi

na
e

F
ur

na
rii

ni
P

hi
ly

do
rin

i
S

yn
al

la
xi

ni

S
yn

al
la

xi
na

e

F
ur

na
rii

da
 (

pa
rt

)

S
itt

as
om

in
ae

D
en

dr
oc

ol
ap

tin
ae

T
hr

ip
op

ha
gi

ni

F
ur

na
rio

id
ea

Fig. 2a

Fig. 2b. (Continued).
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generations. The burn-in phases of the runs were
identified by visual inspection of likelihood ⁄generation
plots and the average standard deviation of split
frequencies, a metric produced by MrBayes by compar-
ing the results of two simultaneous runs. Burn-in
generations were discarded, the remaining trees from
the two runs were combined into a single file, and a
majority rule consensus tree was constructed.

Results

Data characteristics

The final data matrix contained 4024 characters
(2872 bp of RAG-1, 1154 bp of RAG-2) and 139 taxa
(134 ingroup, five outgroup). New sequences produced
for this study are available from GenBank (FJ460973–
FJ461228). Of the total characters, 1695 were variable
and 1111 of these were parsimony informative. Full
RAG-1 and RAG-2 sequences were obtained for all taxa
except Percnostola lophotes, for which half of the RAG-
2 sequence could not be obtained cleanly. Base frequen-
cies were biased in favour of adenine (A = 0.315,
T = 0.250, G = 0.234, C = 0.201), but homogeneous
across taxa (v2 = 31.28, P = 1.00).

The partition homogeneity test using each gene as a
partition was significant (P = 0.01), indicating that the
two genes may contain conflicting phylogenetic signal.
The two gene regions used in this study are not expected
to exhibit some of the attributes known to bias the ILD
test, such as disparate levels of homoplasy (Dolphin
et al., 2000), uncertain sequence alignments (Messenger
and McGuire, 1998), or differences in rate heterogeneity
(Barker and Lutzoni, 2002; Darlu and Lecointre, 2002).
The appropriate level of significance for P-values in ILD
tests has been discussed (Sullivan, 1996; Cunningham,
1997a, b), as has the possibility that the test is a
fundamentally flawed estimator of data combinability
(Yoder et al., 2001), all casting further doubt on the
direct interpretability of ILD P-scores. Because we see
the ILD test more as a data-exploration tool than as an
arbiter of data combinability, we have chosen to use a
combined, total-evidence approach. Nonetheless, we
decided to investigate further the nature of incongruence
by examining the topology produced by analysis of each
gene separately before the combined-data analyses were
attempted.

We used the program Compat.py (Kauff and Lutzoni,
2002) to identify topological conflicts in Bayesian
consensus trees derived from separate analysis of the
RAG-1 and RAG-2 data (not shown). Three conflicts
existed involving nodes supported by 99% or greater
Bayesian probability (BP), all of which involved the
placement of Hypocnemoides maculicauda. The RAG-1
partition placed H. maculicauda as sister to Sclateria

naevia, embedded well within the thamnophilid radia-
tion. In contrast, the RAG-2 data placed H. maculicau-
da near the base of the thamnophilids but with no
support for any specific sister relationship. The three
conflicts identified by Compat.py were well-supported
nested clades that included H. maculicauda and S. naevia
in the RAG-1 tree but lacked H. maculicauda in the
RAG-2 tree. Nine nodes were identified as conflicting
when 95% or greater posterior probability was used as
the cutoff, including the three discussed above. Of the six
other conflicts, three also involved the presence of
H. maculicauda and ⁄or S. naevia in clades. The arrange-
ment recovered in analyses of the RAG-1 data (and the
combined data) is corroborated by an independent
molecular phylogenetic analysis of thamnophilids that
used different molecular markers (Brumfield et al.,
2007). The other three conflicts occurred in the furnariid
radiation, and involved rearrangements among closely
related taxa. The RAG-1 and RAG-2 data each placed
Automolus infuscatus, Hyloctistes subulatus, and Thripa-
dectes rufobrunneus in a well-supported clade, but
differed as to the arrangement among them. RAG-1
placed Hyloctistes and Automolus as sisters (100 BP)
whereas RAG-2 placed Thripadectes and Automolus as
sisters (97 BP). All taxa involved in these conflicts were
re-sequenced to check for laboratory or labelling errors,
but all new sequences matched those used in the original
analyses.

Phylogenetic analyses

As discussed below, all approaches to deciphering
relationships yielded virtually identical trees, and all
differences were traceable to nodes having very poor
branch support. We therefore summarized this topolog-
ical congruence using the ML tree that shows estimated
branch lengths (Fig. 2, discussed in the next section).
Here we report the tree statistics for the different
analyses.

Three heuristic parsimony searches and 20 5000-
iteration parsimony-ratchet replicates for the combined
data all obtained shortest trees of 4521 steps. Two
heuristic searches found 7487 equally most parsimoni-
ous trees and the third found 7488 most parsimonious
trees. The parsimony-ratchet procedure produced 3037
trees of 4521 steps. When all MP trees from different
analyses were loaded into Paup* and filtered to remove
duplicates, 7488 trees remained. This indicates that the
two search methods and 23 independent analyses (three
heuristic searches, 20 ratchet replicates) converged on
the same set of most parsimonious trees, evidence that
suggests tree space was thoroughly searched. The MP
trees had consistency indices of 0.50, retention indices of
0.77, and rescaled consistency indices of 0.38. A strict
consensus of the 7488 MP trees was well resolved in
most parts of the tree (Appendix S2).
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The AIC in Modeltest determined that the most
appropriate evolutionary model for our data had six
substitution types, a proportion of sites invariant, and
gamma distributed rate variation among sites
(GTR + I + G). This parameter-rich model was used
in ML searches and the Bayesian analysis. A single
heuristic search in Paup* using TBR branch swapping
and the parameter estimates from Modeltest produced a
topology that was very similar to the MP tree
(–lnL = 34443.67). Five independent heuristic searches
in Phyml produced a single topology with a likelihood
score of –lnL = 34447.44 (Fig. 2). The ML trees
produced by Paup* and Phyml were virtually identical
and the difference in likelihood scores may be due in
part to differences in the way the two programs handle
missing data. Bootstrap re-sampling did not support
topological differences between the ML and MP trees.

Preliminary Bayesian analyses identified a heating
parameter (temp = 0.05) that resulted in acceptance
rates between 0.10 and 0.70 for swaps among chains.
This heating parameter was used in all subsequent
analyses. From preliminary runs, average branch
lengths were estimated to be 0.0047 substitutions per
site (all branches) or 0.0023 substitutions per site
(internal branches only). Trial runs with each of these
values and the default value of 0.10 did not make an
appreciable difference in the posterior probabilities of
clades. For the long runs the average length of internal
branches was used [prset brlenspr = unconstrained:
exponential (430)].

Bayes-factor analysis using the evolutionary models
in Table 1 revealed that partitioning the data by codon
position resulted in a large improvement in likelihood,
whereas partitioning by gene resulted in a much smaller
improvement. For example, the 2ln Bayes-factor result
from comparing the one-partition and two-partition (by
gene) strategy was 29.68, but the result from comparing
the two-partition and three-partition (by codon posi-
tion) strategies was 772.22. The likelihood improvement
going from three to six partitions (by gene and codon

position) was only 2.68. Using the guideline that 2ln
Bayes-factor values > 10 indicated strong evidence
against the alternative hypothesis (i.e. fewer partitions)
we used three partitions for all Bayesian analyses of the
combined nuclear gene dataset (Kass and Raftery, 1995;
Brandley et al., 2005). Posterior probabilities for clades
in the Bayesian analysis are shown on the ML tree
(Fig. 2).

Length variation is relatively rare in protein coding
genes compared with introns and ribosomal genes. The
aligned matrix of RAG-1 and RAG-2 sequences
revealed two instances of length variation. Both were
inferred deletions in the RAG-1 gene and could be
mapped unambiguously on the phylogeny. A 5-codon
(15 bp) deletion compared with all other taxa united the
thamnophilids and a 7-codon (21 bp) deletion compared
with all other taxa united Myrmeciza pelzelni and
Myrmeciza atrothorax. High posterior probability
(100) and bootstrap support (100) for those clades
indicated that single deletion events most parsimoni-
ously explain the length variation.

Large-scale phylogenetic relationships

Broad agreement between parsimony- and the model-
based approaches, both in tree topology and in nodal
support, simplifies discussion of phylogenetic relation-
ships (Fig. 2). Disagreements occurred, but with few
exceptions disputed nodes were not supported by high
bootstrap proportions or posterior probabilities. In this
section we present a general description of the phyloge-
netic results; in the Discussion that follows we present
more detailed systematic comments within the context
of previous work. Although our discussion of the
phylogenetic results take a model-based tree as a guide
(Fig. 2), the tree reflects the results of all three analyses,
except as noted in the text. The values for branch
support, shown in Fig. 2 and mentioned in the text, are
reported as: (Bayesian posterior probability ⁄ML boot-
strap ⁄MP bootstrap; all are expressed as percentages).

Support for the monophyly of the Furnariides was
strong (100 ⁄100 ⁄99), but basal relationships within this
clade were poorly resolved. Four lineages diverge at the
base of the crown clade, but no analysis yielded strong
support for any particular relationship among them.
Two of the four lineages are small: one comprises the
single genus Melanopareia (Melanopareiidae; repre-
sented by M. elegans and M. torquata), and the second
is a sister pairing of Pittasoma rufopileatum and Conop-
ophaga ardesiaca (Conopophagidae). The final two
lineages are diverse and the primary topic of this paper:
the Parvorder Thamnophilida (Thamnophilidae;
Fig. 2a) and the Parvorder Furnariida (Fig. 2a, b).
Support for the monophyly of each of these four clades
was strong (100 ⁄>90 ⁄90) in all analyses. Model-based
analyses placed the Thamnophilidae as the basal taxon,

Table 1
Evolutionary models for each partition of the RAG data as indicated
by MrModeltest (Nylander, 2004)

Data partition Model

All data GTR + I + G
RAG-1 GTR + I + G
RAG-2 GTR + I + G
1st codon position GTR + I + G
2nd codon position GTR + I + G
3rd codon position GTR + G
RAG-1 1st codon position GTR + I + G
RAG-1 2nd codon position GTR + I + G
RAG-1 3rd codon position GTR + G
RAG-2 1st codon position GTR + I + G
RAG-2 2nd codon position GTR + I + G
RAG-2 3rd codon position GTR + G
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but with poor support, whereas parsimony analysis
placed Melanopareia + the Conopophagidae as sister
to the thamnophilids, again with poor support.

Relationships within the Thamnophilidae were char-
acterized by well-supported basal nodes, well-supported
groups of genera in distal portions, and little support for
intermediate clades. Four taxa (Terenura sharpei, Myr-
mornis torquata, Pygiptila stellaris, and Thamnistes
anabatinus) were separated from all the other thamno-
philid genera by a long internode. Terenura sharpei was
the sister-group of the remainder of the family, and the
other three taxa formed a clade sister to all other
thamnophilids (Fig. 2a). This basal topology was found
in all analyses, but support measures differed consider-
ably. Model-based analyses recovered strong support
(100 BP, 99 ML) for the node uniting all thamnophilids
to the exclusion of the four basal taxa mentioned above.
MP analysis also recovered this node, but with less than
50% bootstrap support.

The fourth basal lineage of the Furnariides was the
Furnariida, which itself consisted of two lineages: the
Grallarioidea and the Furnarioidea. The grallarioids
included the Rhinocryptidae and the Grallariidae
(Fig. 2a). This grouping appeared in all analyses, but
branch support was only moderate (93 ⁄75 ⁄68). The
rhinocryptid clade included all traditional genera in the
family other than Melanopareia, and within the rhino-
cryptids a clade consisting of the genera Myornis,
Eugralla, and Scytalopus was sister to the rest. The
grallariids consisted of the traditional formicariid genera
Grallaria, Grallaricula,Hylopezus, andMyrmothera, and
Grallaria was sister to the other genera.

The second sister-group (the Furnarioidea; Fig. 2b)
comprised four well-supported lineages. At the base
were the formicariid antpittas (Formicarius, Chamaeza),
which were sister to all remaining furnariioids.
Within the latter the Sclerurus-group (Geositta-Geo-
bates ⁄Sclerurus) was the sister-group of the wood-
creepers (Dendrocolaptidae) plus the ovenbirds
(Furnariidae).

Discussion

Taxon sampling and assumptions of monophyly

Although taxon sampling for this study was greatly
expanded in comparison with earlier studies, several
genera of the Thamnophilida (Biatas, Clytoctantes,
Hylophylax, Rhopornis, Schistocichla, Skutchia, Stym-
phalornis, Xenornis) and Furnariida (Oreophylax, Meru-
laxis, Psilorhamphus, Siptornopsis, Clibanornis,
Limnornis, Cichlocolaptes, Hylocryptus) were not in-
cluded. Genetic material was not available for some of
these taxa. For others, we could not obtain reliable
sequence data and for a few we sequenced a sample that

subsequently was shown not to be a member of the genus
(e.g. ‘‘Hylophylax’’ poecilinotus). Most of these are taxa
with small and geographically isolated distributions,
hence their absence in tissue collections. Because they are
not species-rich and have restricted ranges, omission of
these few genera is not likely to alter substantially our
interpretations of higher-level suboscine systematics, but
this will only be tested in future family-level studies that
are able to incorporate these taxa.

Another taxon sampling issue concerns our decision
to sample a single individual for most genera. Because of
this, much of our discussion implicitly assumes that
genera are monophyletic. There is reason to believe that
this is not a valid assumption. Samples from multiple
species were included for some genera (eight of approx-
imately 126 in the study), especially those suspected of
non-monophyly. Several of these were found not to be
monophyletic, and it is likely that several other genera
will be revealed as non-monophyletic when densely
sampled. The potential non-monophyly of genera also
presents difficulties when comparing results across
higher-level studies because species chosen to represent
genera are seldom congruent across studies. Thus, the
appearance of incongruent phylogenetic results may be
the result of sparse taxon sampling and non-monophyly
of genera. These situations will be discussed below as
instances of potential incongruence but must be tested
further with much denser taxon sampling.

Basal relationships within the Furnariides

Basal relationships within the Furnariides have not
been clarified by our study, even with thorough taxon
sampling and analysis of sequence data from relatively
slowly evolving nuclear exons. Parsimony- and model-
based analyses give different basal topologies, but all
conflicting nodes received low branch support. Until
new data are produced, the base of the Furnariides
radiation must be considered a polytomy containing
four lineages (Fig. 2a). This lack of resolution mirrors
the results of previous phylogenetic studies of basal
relationships in the Furnariides (Irestedt et al., 2002;
Chesser, 2004). Sequences from nuclear introns, nuclear
exons, and mitochondrial genes have now been used to
address basal relationships in this group and all have
failed to provide any well-supported resolution. Thus, it
is clear that lack of resolution is not due to reliance on
regions that evolve too slowly or too quickly. It also
seems that sparse taxon sampling is not the problem in
these analyses, nor is it likely that sequences of un-
sampled taxa would break up long branches and provide
greater resolution at the base of the group. Instead,
future attempts at resolving the basal polytomy may find
success in using more data per taxon. All studies thus far
have been limited to no more than 4.5 kb of sequence
data.
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FAMILY Thamnophilidae Swainson 1824

As already discussed, molecular sequence data from a
number of workers have now demonstrated that there
are at least four independent lineages of the Furnariides.
One of the largest of these is the Thamnophilidae, the
typical antbirds. Two recent studies, in particular, found
support for the monophyly of thamnophilids using a
variety of molecular markers (Irestedt et al., 2004a;
Brumfield et al., 2007), and our results with the nuclear
RAG-1 and RAG-2 genes also strongly support mono-
phyly (100 ⁄100 ⁄100; Fig. 2a). In addition, we have
discovered a 15-bp (5-codon) deletion in the RAG-1
gene that characterizes all thamnophilids sampled. This
deletion is not found in any other suboscine group
sampled, including the outgroups, and thus is clearly
derived in thamnophilids.

A broad modern revision of the systematics and
classification of the ‘‘typical antbirds’’ (Thamnophili-
dae) is lacking (Zimmer and Isler, 2003). Recent large-
scale molecular studies of the family now make it
possible to build a much-improved framework for a
phylogenetic classification for the group. Our results and
those of Irestedt et al. (2004a) and Brumfield et al.
(2007) have significantly improved understanding of
generic groupings within thamnophilids. All three stud-
ies show broad congruence in generic clusters, although
relationships within them are often different due to the
use of markers that are evolving at quite different rates.
Given this new knowledge, we propose formal names for
some of these generic groups and use them to organize
the ensuing discussion.

SUBFAMILY Myrmornithinae new rank (Myrmorni-
thidae Sundevall 1872; type Myrmornis Hermann 1783)

Diagnosis. The most inclusive crown clade of species
containing Myrmornis torquata and Thamnistes anabati-
nus but not Terenura sharpei, Microrhopias quixensis,
Formicivora rufa, Frederickena viridis, or Pithys albi-
frons. No synapomorphies have been proposed, but the
clade has strong molecular support.

Previous molecular studies (Irestedt et al., 2004a;
Brumfield et al., 2007) have found that Terenura,
Myrmornis, Pygiptila, and Thamnistes occur near the
base of the tree. These four genera exhibit different body
forms (two antshrikes, an antwren, and an antbird), are
ecologically disparate, and, as a consequence, have been
generally dispersed in taxonomic lists. Nevertheless,
previous electrophoretic and DNA hybridization studies
indicated that at least one of these genera (Pygiptila) was
distantly related to other antshrikes (Hackett and
Rosenberg, 1990) and to other antbirds generally (Sibley
and Ahlquist, 1990). Irestedt et al. (2004a) united the
four in their basal ‘‘Clade A’’ but it had weak support
(BP 72). They found strong support for the clade

(Myrmornis (Pygiptila + Thamnistes)). Brumfield et al.
(2007), in contrast, placed Terenura and then (Myrmor-
nis (Pygiptila + Thamnistes)) as successive sister-groups
to all other thamnophilids. Both nodes had strong
support on their model-based tree, but these ‘‘basal’’
taxa became terminals in their MP analysis, suggesting a
problem in rooting.

In all our analyses, Terenura and then the clade
(Myrmornis (Pygiptila + Thamnistes)) were successive
sister-groups to other thamnophilids (Fig. 2a), which
agrees with the model-based results of Brumfield et al.
(2007). Both nodes on our tree had moderate to strong
support.

SUBFAMILY Thamnophilinae

TRIBE Microrhopiini, new taxon (type Microrhopias
Sclater, 1862). Diagnosis. The most inclusive crown
clade that contains Microrhopias quixensis, Myrmorchi-
lus strigilatus, ‘‘Myrmeciza’’ atrothorax, and ‘‘M.’’
pelzelni, but not Formicivora rufa, Thamnophilus cae-
rulescens, Pyriglena leuconota, or Pithys albifrons. No
synapomorphies have been proposed, but the clade has
good molecular support.

In addition to the findings of Irestedt et al. (2004a) and
Brumfield et al. (2007), this clade was supported by the
RAG data (100 ⁄83 ⁄69) and was found to be the sister-
group of all the other Thamnophilinae (Fig. 2a). Irestedt
et al. (2004a) recovered Microrhopias, Myrmorchilus,
Neoctantes, and two stipple-throated species of
Myrmotherula (both now placed in a new genus Epinec-
rophylla; Isler et al., 2006) as a basal clade within their
Clade C. Similarly, Brumfield et al. (2007) found a clade
composed of Microrhopias, Neoctantes, Epinecrophylla,
Myrmorchilus, ‘‘Myrmeciza’’ pelzelni, and ‘‘Myrmeciza’’
atrothorax that was basal to other thamnophilids other
than the Myrmornithinae. Because the type of Myrme-
ciza, M. longipes, goes elsewhere on the tree (see below),
the nomenclatural status of pelzelni and atrothorax will
need addressing once all species are sampled.

We did not sample Epinecrophylla, but considering
the above evidence this genus is probably a member of
the Microrhopini. Because Irestedt et al. (2004a) and
Brumfield et al. (2007) strongly resolved a relationship
between Neoctantes and Epinecrophylla, it came as a
surprise that Neoctantes was not associated with the
microrhopines on our tree but instead was placed as the
sister-group of the remaining Thamnophilinae (with a
BP of 100, but with ML and MP bootstrap values of
only 60 and < 50, respectively; Fig. 2a). The slowly
evolving RAG sequences may not be providing sufficient
character data to resolve the short internodes in this part
of the tree, whereas the faster evolving intron and
mtDNA data used in the Irestedt et al. and Brumfield
et al. studies may contain better phylogenetic signal.
Regardless, this problem needs further study.
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TRIBE Formicivorini (Formicivoreae Bonaparte,
1854; type Formicivora Swainson 1824). Diagnosis. The
most inclusive crown clade that contains Formicivora
rufa and Myrmochanes hemileucus but not Thamnophilus
caerulescens, Pyriglena leuconota, or Pithys albifrons. No
synapomorphies have been proposed, but the clade is
supported by molecular data.

We found moderately strong support (100 ⁄83 ⁄85) for
a clade that includes Myrmochanes, Formicivora, and
Myrmotherula axillaris. Previously, both Irestedt et al.
(2004a) and Brumfield et al. (2007) also recovered this
group with strong support, and they provided evidence
that Myrmotherula is not monophyletic. The Formic-
ivorini contain at least five species of Myrmotherula
(including the type species, M. brachyura), but not all of
these are monophyletic within the group (Irestedt et al.,
2004a; Brumfield et al., 2007). Moreover, some ‘‘Myr-
motherula’’ are in the Microrhopini (Irestedt et al.,
2004a; see discussion of Epinecrophylla above). This
situation has important implications for generic names,
which can only be resolved with detailed species-level
sampling; none of this should affect the higher-level
group names.

The RAG data resolved the Formicivorini as the sister-
group of the remainder of the non-microrhopine Tham-
nophilinae, but branch support was lacking. This
relationship, however, is corroborated with some support
(BP 98, ML 61) by the dataset of Brumfield et al. (2007).

As noted in Tello et al. (2009), Bonaparte (1854) used
family-group names ending in -eae as tribe-ranked taxa
under subfamilies, and for reasons explained we take
these as being valid family-group names. He proposed
(Bonaparte, 1854, p. 132) the name Formicivoreae for
Formicivora and six other genera that are not related on
our tree. To our knowledge we are the first to use the
spelling Formicivorini.

TRIBE Thamnophilini, new rank (type Thamnophilus
Viellot 1816). Diagnosis. The most inclusive crown clade
that contains Frederickena viridis, Thamnophilus cae-
rulescens, Dysithamnus mentalis, and Dichrozona cincta
but not Sclateria naevia, Myrmoborus leucophrys, or
Pithys albifrons. No synapomorphies have been pro-
posed, but the clade is well supported by molecular data.

The RAG data provide very strong support for the
Thamnophilini (100 ⁄95 ⁄92; Fig. 2a). This group was
also recovered by Irestedt et al. (2004a) with strong
support (BP 95) and by Brumfield et al. (2007) with
weak support. Relationships within our Thamnophilini
(Fig. 2a) map relatively well to those of Clade B of
Irestedt et al. (2004a), and both studies were unable to
resolve the same basal nodes. This latter result could be
explained if the group diversified over a relatively short
period of time.

TRIBE Pyriglenini, new taxon (type Pyriglena Ca-
banis, 1847). Diagnosis. The most inclusive crown clade
that contains ‘‘Myrmeciza’’ berlepschi, Sclateria naevia,

and Myrmoborus leucophrys but not Pithys albifrons,
Frederickena viridis, Thamnophilus caerulescens, or
Thamnomanes ardesiacus. No morphological synapo-
morphies have been proposed, but the group is sup-
ported by molecular studies.

This clade appears on the RAG tree (Fig. 2a) but with
weak support, although one subclade of four genera
(Gymnocichla, Pyriglena, Myrmoborus, Percnostola) is
very strongly supported and the core of its sister-group
(Sclateria, Hypocnemoides) is moderately supported.
The Pyriglenini are a well-supported clade (BP 100)
within Clade C of Irestedt et al. (2004a) and on the tree
of Brumfield et al. (2007); BP 100, ML 99), presumably
because they used faster evolving markers than the
RAG genes. The group can therefore be considered to
be highly corroborated by molecular data.

Relationships within the group need more work,
however. Percnostola is rendered non-monophyletic as
in Brumfield et al. (2007), and the type species,
P. rufifrons, clusters with Pyriglena and multiple species
of ‘‘Myrmeciza’’ (Brumfield et al., 2007), whereas P.
lophotes groups with Myrmoborus leucophrys (the type
species of the genus). All four of these lineages form a
reasonably well-supported clade (96 ⁄81 ⁄63) that is sister
to Gymnocichla. Interestingly, Myrmoborus and Pyrig-
lena share a domed nest architecture nearly unique
among thamnophilids (Zimmer and Isler, 2003), and P.
rufifrons also builds a domed or enclosed nest (Willis,
1982; Tostain et al., 1992). The nest of P. lophotes has
not been described but we predict that it will have a
similar structure. The open-cup nesting Percnostola
leucostigma, sometimes split off with P. schistacea and
P. caurensis in the genus Schistocichla (Todd, 1927;
Zimmer, 1931; see Isler et al., 2007 for a revision of
species limits in the group), was previously found to be
sister to Sclateria, which is in the second major lineage
of the Pyriglenini. Thus, given that Percnostola is not
monophyletic, current evidence suggests that an ex-
panded Schistocichla will probably be a natural group.
Several genera that we did not sample, including
Schistocichla and Hylophylax, are also members of this
group (Irestedt et al., 2004a; Brumfield et al., 2007).

The type of Myrmeciza, M. longipes, was not sampled
in this study but probably occurs in a clade that includes
M. berlepschi and M. exsul (R. T. Brumfield, unpub-
lished data). Irestedt et al. (2004a) groupedM. griseiceps
with M. berlepschi and their sister-group was a clade
consisting of (‘‘M.’’ loricata (Hypocnemoides + Hylo-
phylax naevia)). Brumfield also included ‘‘M.’’ fortis,
‘‘M.’’ immaculata, ‘‘M.’’ goeldii, ‘‘M.’’ melanoceps, and
‘‘M.’’ exsul in our Pyriglenini. There appear to be at
least three, perhaps four, independent lineages of
‘‘Myrmeciza’’ in this tribe but denser species-level
sampling will be required to clarify this.

TRIBE Pithyini, new rank (type Pithys Vieillot 1818).
Diagnosis. The most inclusive crown clade that contains
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Cercomacra tyrannina,Pithys albifrons, andGymnopithys
rufigula but not Pyriglena leuconota, Sclateria naevia,
Frederickena viridis, or Formicivora rufa. No morpholog-
ical synapomorphies have been proposed for this group,
but it is strongly supported by molecular data.

Ridgway (1911, p. 16) created the family-group name
Pithyeae in a key of the Thamnophilidae. His intention
was to cluster together seven genera (Pithys,Hylophylax,
Sclateria, Anoplops (= Gymnopithys), Rhegmatorhina,
Phlegopsis, and Phaenostictus) within his Formicariinae.
This group was not formally ranked; thus we do that here
at a tribal level, which is consistent with Ridgway!s
treatment. To our knowledge Bock (1994, p. 148) was the
first to use the family-rank name ‘‘Pithyidae’’, based on
Pithyeae Ridgway, as a synonym under Formicariidae.

The RAG data strongly support two small clades: (i)
Cercomacra (Drymophila + Hypocnemis) (100 ⁄100 ⁄99),
and(ii) ((Pithys + Phaenostictus) (Willisornis (Phlegopsis
(Gymnopithys + Rhegmatorhina)))) (100 ⁄99 ⁄94). These
twocladesareunitedontheRAGtreebutwithnosupport.
These same two clades were recovered by Irestedt et al.
(2004a) with strong support (BP 100) and by Brumfield
et al. (2007), also with strong support (BP 100, ML 72).
Hence the Pyriglenini has strong molecular support.

The one species of ‘‘Hylophylax’’ included in the
RAG study, ‘‘H.’’ [= Willisornis] poecilinotus, was
demonstrated here and by Brumfield et al. (2007) to be
closely related to the clade of army-ant following birds
that includes Pithys, Phaenostictus, Phlegopsis, Gymn-
opithys, and Rhegmatorhina (and presumably Skutchia,
although this genus was not sampled), and to be only
distantly related to the other three species in the genus
Hylophylax, including the type species H. naevioides,
which are related to Hypocnemoides (Brumfield et al.,
2007). ‘‘Hylophylax’’ poecilinotus differs considerably
from the other Hylophylax species and instead shares
certain behavioural features (e.g. nesting) with the
genera that follow army ants (Zimmer and Isler, 2003).
The genus name Dichropogon was recently resurrected
for this distinctive species (Remsen et al., 2007) but was
subsequently shown to be a junior homonym. Agne and
Pacheco (2007) proposed the new genus name Willisor-
nis, and we follow that here and in Fig. 2a. In addition,
at least one species of ‘‘Myrmeciza’’, which we did not
sample, ‘‘M.’’ hemimelaena, is included in this group and
is probably sister to Cercomacra (Brumfield et al., 2007;
see also Irestedt et al., 2004a).

Melanopareia and Conopophaga ⁄Pittasoma

Melanopareia was traditionally placed in the Rhino-
cryptidae, Conopophaga in its own monogeneric family
Conopophagidae, and Pittasoma in the Formicariidae
sensu lato. Our data, by contrast, indicated that Mela-
nopareia constitutes one of the four basal lineages of the
furnariine suboscines, and that Conopophaga and Pitta-

soma are sister genera that constitute a second major
basal lineage. These findings place into context the
results of several other studies in which these were found
to form distinctive clades. Irestedt et al. (2002), for
instance, found Melanopareia to be an isolated lineage,
and sister to all other furnariines (Fig. 1a), although MP
bootstrap support (51%) for this result was low. Chesser
(2004) also found Melanopareia to form a distinct basal
lineage, one whose relationships to other groups were
unresolved (Fig. 1b). In Chesser!s study, Conopophaga
was also found to be a distinct lineage (nuclear decay
index of 25, by far the highest value in his study); his tree
suggested conopophagids were sister to the Thamno-
philidae but branch support was very low. Pittasoma
was not sequenced in either study, but using more
detailed sampling of ground antbirds Rice (2005a, b)
found that Pittasoma was the sister-genus to Conopoph-
aga, a finding we corroborate here.

PARVORDER Furnariida

As discussed above, most of the taxa formerly
included in the ground antbird family Formicariidae
are now partitioned off into the family Thamnophilidae.
The remainder are known to consist of two distinct
lineages, one including the ant-thrushes Formicarius and
Chamaeza (Formicariidae sensu stricto) and the other
consisting of the ant-pitta genera Grallaria, Grallaricula,
Myrmothera, and Hylopezus (Grallariidae). Previous
studies indicated that these two families are not sister-
groups. Thus, both Irestedt et al. (2002) and Chesser
(2004) found the pattern: (((Formicariidae + Furnarii-
dae sensu lato) Rhinocryptidae) Grallariidae). More
recently, Rice (2005a, b) suggested that the Formicar-
iidae and Rhinocryptidae were sister-taxa and that the
Grallariidae were outside of this grouping (his studies
did not include any furnariids, so his results are
consistent with the studies just mentioned). Our results
propose novel relationships among the groups included
in the Furnariida, specifically that the Grallariidae are
sister to the Rhinocryptidae and that the Formicariidae
are sister to the Furnariidae. Support for these relation-
ships was moderate for Grallariidae + Rhinocryptidae
(93 ⁄75 ⁄68; Fig. 2a) to strong for the Furnarioidea
(100 ⁄84 ⁄77; Fig. 2b).

SUPERFAMILY Grallarioidea, new rank (type
Grallaria Vieillot 1816)

Diagnosis. The most inclusive crown clade that
includes Grallaria eludens and Rhinocrypta lanceolata
but not Melanopareia elegans, Conopophaga ardesiaca,
Thamnophilus caerulescens, Formicarius colma, or Fur-
narius rufus. There are no known morphological syna-
pomorphies, but the group is well supported by
molecular characters.
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FAMILIES Grallariidae and Rhinocryptidae

Previous in-depth molecular work on the Grallariidae
(Rice, 2005a) indicated that the genus Grallaria is
monophyletic and is sister to a clade consisting of
((Hylopezus + Myrmothera) Grallaricula). Our results
(Fig. 2a), based on relatively limited taxon sampling, are
congruent with this hypothesis. Within the genus Gral-
laria, molecular data (Rice, 2005a) also supported the
subgeneric divisions proposed by Lowery and O!Neill
(1969) based on morphological characters, but our
results, although tempered by incomplete sampling
within the genus, are inconsistent with that conclusion.
We sampled three species of Grallaria, two (andicola and
ruficapilla) from the subgenus Hypsibemon and one
(eludens) from the subgenus Thamnocharis, and recov-
ered ruficapilla and eludens as sister-taxa. This result
received strong support (100 ⁄100 ⁄97), but more exten-
sive taxon sampling is undoubtedly needed to determine
the validity and generality of this discrepancy. We note,
however, that Krabbe and Schulenberg (2003a) refer-
ence unpublished molecular work on 18 species of
Grallaria that also found subgenera of this genus to be
paraphyletic.

Relatively little prior work has been conducted on
relationships of the diverse taxa within the family
Rhinocryptidae, and previous molecular investigations
(Chesser, 1999, 2004; Irestedt et al., 2002) included only
limited sampling of the family. We sequenced represen-
tatives of most genera within the family, although we
were unable to sample Psilorhamphus and Merulaxis.
Our results indicated that the family consists of two
well-supported clades that can be formally recognized.

SUBFAMILY Scytalopodinae, new rank (Scytalopodidae
(J. Müller), type Scytalopus Gould 1836). Diagnosis.
The most inclusive crown clade that contains Myornis
senilis, Eugralla paradoxa, and Scytalopus magellanicus
but not Pteroptochos castaneus, Rhinocrypta lanceolata,
or Grallaria ruficapilla.

Within this group, Eugralla and Scytalopus, which
differ in a number of plumage and behavioural features
(Krabbe and Schulenberg, 2003b), are sister-genera
(Fig. 2a).

SUBFAMILY Rhinocryptinae, new rank (Rhinocryptidae
Wetmore, 1930, type Rhinocrypta Gray 1840). Diagnosis.
The most inclusive crown clade that contains Pteropto-
chos castaneus, Liosceles thoracicus, and Rhinocrypta
lanceolata but not Myornis senilis, Scytalopus magella-
nicus, or Grallaria ruficapilla.

Within this clade, the southern Andean genera Pter-
optochos and Scelorchilus are sister to a lineage con-
taining the remaining genera. Two genera of the arid
lowlands of southern South America, Teledromas and
Rhinocrypta, were sister-groups within the latter clade,

with Acropternis from the northern Andes sister to them
and Liosceles sister to all three. Support for most of
these clades was strong (Fig. 2a). Behavioural and
morphological similarities have been noted between
Eugralla and Merulaxis, and it is possible that the
unsampled genus Merulaxis forms part of the Myornis–
Eugralla–Scytalopus clade (Krabbe and Schulenberg,
2003b). It has been speculated that the true affinities of
Psilorhamphus, in contrast, lie outside the Rhinocrypti-
dae (e.g. Ridgely and Tudor, 1994). Pteroptochos
Kittlitz 1830 is the oldest generic name in this clade,
but because the name Rhinocryptidae (based on Rhino-
crypta Gray 1840) has been used almost universally, at
least since Wetmore (1930) and Peters (1951), it should
have preference under the International Code of Zoo-
logical Nomenclature (ICZN, 1999).

SUPERFAMILY Furnarioidea

We recognize four family-level taxa within the super-
family Furnarioidea (Fig. 2b): (Formicariidae (Scleruri-
dae (Dendrocolaptidae + Furnariidae))).

FAMILY Formicariidae

The family includes only Formicarius and Chamaeza,
which are highly supported as sister-taxa (100 ⁄100 ⁄100)
and the sister-group of all other furnarioids (see
comments above under Furnariida).

FAMILY Scleruridae (Sclerurina Swainson, 1927; type
Sclerurus Swainson, 1927)

Diagnosis. The most inclusive crown clade that
contains Sclerurus mexicanus, Geositta poeciloptera,
and Geositta isabellina but not Dendrocolaptes certhia
or Furnarius rufus.

Our data corroborated furnariid paraphyly as reported
in recent studies (Irestedt et al., 2002; Chesser, 2004).
Three furnariid genera, Sclerurus, Geositta, as well as
Geobates, which is nested within Geositta (Cheviron
et al., 2005) and hence is included in Geositta here, were
strongly supported as being monophyletic (100 ⁄93 ⁄86;
Fig. 2b) and as the sister to the dendrocolaptids + the
remaining furnariids (100 ⁄100 ⁄100). The family-group
name Scleruridae Swainson is available for these taxa.
Swainson (1827), p. 356) proposed a new subfamily
‘‘Sclerurina’’ for a new genus Sclerurus. He provided a
diagnosis for the latter but did not specify a type species,
which was later provided by Cabanis (1847, p. 231).
Sclater (1862, p. 149) first used the name Sclerurinae.

FAMILY Dendrocolaptidae

The RAG data identify two major clades of wood-
creepers, each with strong support, and these two
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groups were also previous recovered by Irestedt et al.
(2004b). We therefore designate these groups formally.

SUBFAMILY Sittasominae, new rank (Sittasomae
Ridgway 1911, type Sittasomus Swainson,
1927). Diagnosis. The most inclusive crown clade that
contains Sittasomus griseicapillus, Deconychura longic-
auda, and Dendrocincla fuliginosa but not Glyphorynchus
spirurus, Xiphorhynchus picus, or Dendrocolaptes certhia.
The clade also appears to be diagnosed by molecular
synapomorphies, a 34-bp and a 1-bp deletion in the
G3PDH intron 11 (Irestedt et al., 2006).

In a key to the family Dendrocolaptidae, Ridgway
(1911, p. 227) placed Sittasomus by itself in a group
Sittasomae within his Glyphorhynchinae (which also
included Dendrocincla and Deconychura). The name
Sittasomae was unranked. Bock (1994, p. 147) tran-
scribed that name as ‘‘Sittasomidae’’ in his synonomy of
Dendrocolaptidae, thus using the family name for the
first time.

SUBFAMILY Dendrocolaptinae (type Dendrocolaptes
Hermann 1804). Diagnosis. The most inclusive crown
clade that contains Glyphorynchus spirurus, Xiphorhyn-
chus picus, and Dendrocolaptes certhia but not Sittaso-
mus griseicapillus or Dendrocincla fuliginosa. The clade
also appears to be diagnosed by a molecular synapo-
morphy, a 3-bp insertion in the G3PDH intron 11
(Irestedt et al., 2006).

Two other important relationships reported in recent
studies, which affect not only taxonomic decisions but
also the interpretation of evolutionary trends within the
dendrocolaptids, were not supported by our data.
Feduccia (1973) used morphological and protein data
to divide the woodcreepers into ‘‘intermediate’’ (oven-
bird-like) and ‘‘strong-billed’’ groups. The monotypic
genus Glyphorynchus was included with the ‘‘intermedi-
ates’’ but closely approached the ‘‘strong-billed’’-group
in several characters. Recent molecular studies (Irestedt
et al., 2004b, 2006; Fjeldså et al., 2005) recovered
Feduccia!s two groups, but with one important excep-
tion. Rather than being with the other ‘‘intermediate’’
taxa or close to the ‘‘strong-billed’’ ones, Glyphorynchus
spirurus was reconstructed as sister to all other wood-
creepers. The interpretation of this placement was that
convergent evolution of skull morphologies had oc-
curred in clades (Glyphorynchus and the ‘‘strong-billed’’
genera) that tended towards woodpecker-like behav-
iours (Irestedt et al., 2004b). Our data do not support
such a conclusion (Fig. 2b). Strong bootstrap and
posterior probabilities support a phylogenetic branching
pattern that is consistent with Feduccia!s hypothesis,
which he expressed as a Prim network. On the latter,
Feduccia placed three genera (Dendrocincla, Deconych-
ura, and Sittasomus) in a position ‘‘intermediate’’
between various furnariid taxa and Glyphorynchus, the

latter of which was followed by the ‘‘strong-billed’’
genera. This maps to our phylogenetic results.

Irestedt et al. (2004b, 2006) and Fjeldså et al. (2005)
analysed similar data sets; all used cytochrome b and
myoglobin intron 2, and Fjeldså et al. (2005) and Irestedt
et al. (2006) added G3PDH intron 11. Each successive
study included additional samples, but a large number of
sequences were shared among the studies. Thus, the three
phylogenies are not independent phylogenetic hypothe-
ses. Importantly, only one of the three genes they analysed
(cytochrome b) recovered Glyphorynchus in a basal
position among the dendrocolaptids. Both of the nuclear
introns placed Glyphorynchus within the woodcreeper
radiation. In their combined analyses Glyphorynchus was
basal, with (Fjeldså et al., 2005) or without (Irestedt
et al., 2004b) significant support. The intron data, how-
ever, yielded independent evidence that the cytochrome b
topology may be misleading. Fjeldså et al. (2005) listed
indels that are incongruent with their phylogeny. A single
3-bp insertion relative to all other taxa unites Glyphoryn-
chus with the ‘‘strong-billed’’-group. Of five gene regions
analysed thus far, only cytochrome b supports a basal
position for Glyphorynchus in the Dendrocolaptidae.
Three gene regions (RAG-1, RAG-2, and G3PDH) and
one indel place Glyphorynchus sister to the ‘‘strong-
billed’’ clade which, in turn, supports a hypothesis of
morphological change from more ovenbird-like to more
woodpecker-like within the family, rather than two
independent origins of woodpecker-like morphology.

FAMILY Furnariidae

The nuclear RAG-1 and RAG-2 dataset provides the
largest taxon sampling to date for the Furnariidae, and
thus has resulted in many new insights into their
interrelationships. In fact, little previous work has been
done on intergeneric relationships (see discussion of
Remsen, 2003), and the only study with moderate taxon
sampling is that of Irestedt et al. (2006), who examined
37 genera (43 terminals) using two nuclear introns
(myoglobin intron 2, G3PDH intron 11) and the
cytochrome b gene. Our phylogenetic hypothesis
(Fig. 2b) includes 50 genera and 54 terminals. Although
these two studies have a number of generic sister-pairs in
common (here and below we refer to their Bayesian
analysis of the combined data; Irestedt et al., 2006;
Fig. 2), considerable conflict exists as well. In general,
data from the slower RAG genes better resolve the
deeper and intermediate nodes and with somewhat
higher support than do the Irestedt et al. data.

Because relationships within furnariids have been
uncertain, classification schemes have been based pri-
marily on phenetic assessments. Although our data do
not provide complete resolution, they now allow us to
delimit a series of natural groupings, generally with
strong character support. We therefore propose some
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new formal names and set new limits to previously
described ones that should help provide a systematic
framework for future research on the family (see below).

Xenops and Berlepschia are, respectively, the two most
basal and successive taxa on our tree (Fig. 2b). They are
followed by the Pygarrhichini (100 ⁄100 ⁄97), which is
resolved as the sister-group of our ‘‘Furnarii-
nae’’ + Synallaxinae with moderately strong support
(99 ⁄70 ⁄55), as is the sister-group relationship of the
latter two subfamilies (100, 81, 72).

The placement of Xenops as the sister-group of the
remainder of the Furnariidae and the monophyly of the
Pygarrhichini highlight differences from previous work.
Fjeldså et al. (2005) and some analyses of Irestedt et al.
(2006) found Xenops (represented by X. minutus and
X. rutilans) to be sister to, or imbedded in, the
Dendrocolaptidae rather than occupying its more typ-
ical placement among the furnariids. Together with the
inferred basal position of Glyphorynchus among the
dendrocolaptids, Fjeldså et al. (2005) used the place-
ment of Xenops to develop a narrative about the
evolution of feeding behaviour and morphology. We
did not recover Xenops as sister to the Dendrocolapti-
dae, and the two species we sampled (X. minutus and
‘‘X.’’ milleri) were not themselves sister-taxa. Microxen-
ops milleri (= X. milleri) was part of the well-supported
Pygarrhichini that also included three monotypic genera
(Chilia, Eremobius, and Pygarrhichas), and X. minutus
was reconstructed as the sister-group of the remaining
furnariids; neither species of Xenops was sister to the
dendrocolaptids. Bill shape and some plumage charac-
ters of Microxenops milleri are somewhat aberrant
compared with the other three species in the genus
(Remsen, 2003); neither Fjeldså et al. (2005) nor Irestedt
et al. (2006) sampled milleri.

As was the case with Glyphorynchus, individual gene
trees in Fjeldså et al. (2005) and Irestedt et al. (2006)
differ in the placement of Xenops; only G3PDH places it
sister to the Dendrocolaptidae, a result that has low
support. In fact, the only gene region (cytochrome b)
that identifies a sister-taxon for Xenops with high
posterior probability places it sister to the ovenbirds,
the same relationship supported by RAG-1 and RAG-2.
As demonstrated by Fjeldså et al. (2005), the relation-
ships of this genus have important implications for
interpreting evolution in woodcreepers and ovenbirds,
but these implications now need to be re-evaluated.
Another subject for future inquiry is the nature of the
incongruent phylogenetic signal contained in different
genes in comparisons of Glyphorynchus and Xenops.

SUBFAMILY Pygarrhichinae (Wolters, 1977; type Py-
garrhichas Burmeister, 1837). Diagnosis. The most
inclusive crown clade that contains Pygarrhichas albog-
ularis, Chilia melanura, and Microxenops milleri but not
Furnarius rufus, Philydor pyrrhodes, Synallaxis albes-

cens, Berlepschia rikeri, or Xenops minutus. No mor-
phological synapomorphies are known, but the clade
has strong molecular support.

The nomenclature of the type-genus has been complex
and confusing since the time it was coined. Burmeister
(1837, p. 769) introduced a new genus ‘‘Pygarrhichas
Licht.’’ presumably in reference to a name that may
have been proposed by Martin Lichtenstein in a
manuscript that was never formally published. The
name Pygarrhichas Burmeister is derived from the
Greek ‘‘puge’’ (rump) and the masculine ‘‘aqqivor‘‘,
or ‘‘arrichos’’ (wicker basket; from ancient Greek;
see http://www.perseus.tufts.edu/cgi-bin/ptext?doc=
Perseus%3Atext%3A1999.04.0057%3Aentry%3D%23
15530). Burmeister!s name was Latinized with ‘‘arr(hi)-
ch(as), which is a nominative singular, feminine ending.
Soon thereafter, however, some ornithologists began
using ‘‘Pygarrhichus’’ with a Latinized -us ending. Thus,
Cabanis (1847, p. 232) stated ‘‘Pygarrhichus Licht.
1837’’ (translated from German): ‘‘Pygarrhichus has
priority before the names suggested by Gould [1841,
Dendrodromus] and Gray [1842, Dromodendron], be-
cause the type [assuming he meant "Gattung! to refer to
the type species rather than the genus] already became
[has been] characterized in Burmeister!s Handbuch der
Naturgeschicte 1837. p. 769.’’ The confusion did not end
there, as just 3 years later Bonaparte (1850, 209) referred
to ‘‘Pygarrhicus, Licht. 1837’’, thereby introducing yet
another spelling by dropping the Greek letter v in the
name (as did Hartlaub, 1853; Bonaparte, 1854; Sclater,
1890; Cory and Hellmayr, 1925). A few others, such as
Peters (1951) and Wolters (1977), maintained Burmei-
ster!s original Pygarrhichas. Wolters (1977, no. 3, p. 199)
erected the family-group name Pygarrhichinae. Without
explanation or justification, Bock (1994, p. 148) listed
this name as ‘‘Pygarrhichadinae’’ as a synonym of the
Philydorinae. If this was not a typographical error, then
he presumably altered the -as ending to the nominative
(fem.) plural -ades, then dropped the -es and added
-inae. Because Bock!s emendation was not justified, and
is probably incorrect, our subfamily-rank name follows
Wolters (1977).

SUBFAMILY ‘‘Furnariinae’’. Our tree recovers two
major subdivisions within the Furnariidae. One is the
Synallaxinae, and it has strong support (100 ⁄82 ⁄68). The
second contains two well-supported clades—here called
the Furnariini and Philydorini. They are resolved as
sister-groups but there is no branch support for this
relationship. We tentatively call this clade the ‘‘Furnarii-
nae’’ and place the name in quotes here and on Fig. 2b to
signify its very tentative status. Additional data will be
needed to clarify the boundaries of this subfamily.

TRIBE Furnariini, new rank (Furnarinae Gray 1840
[Furnariinae Cabanis, 1847], type Furnarius Vieillot
1816). Diagnosis. The most inclusive crown clade that
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contains Furnarius rufus, Upucerthia dumetaria, and
Premnornis guttuligera but not Philydor pyrrhodes or
Synallaxis albescens.

There are two clades within our Furnariini that are
generally recovered by other investigators but the two
are not always sister-taxa in those studies. On our tree
they have very high branch support (100 ⁄96 ⁄82;
Fig. 2b). The first clade (Furnariini-1) includes Furna-
rius, Phleocryptes, Lochmias, Upucerthia sensu stricto,
Cinclodes, as well as probably Limnornis, which Gonz-
alez and Wink (2008) found to cluster with Phleocryptes
and Lochmias. The second clade (Furnariini-2) includes
Pseudocolaptes and Tarphonomus (formerly part of
Upucerthia; Chesser and Brumfield, 2007). The two
groups are united also on the combined Bayesian tree of
Irestedt et al. (2006) but not with strong support (BP
90), as well as on the tree of Olson et al. (2005) but again
with poor support. In contrast, the work of Chesser
et al. (2007) has Furnariini-1 clustering with the phy-
lydorine taxa, with Furnariini-2 as their sister. Also,
Fjeldså et al. (2007) found that Furnariini-1 clustered
with synallaxine genera, and that Furnariini-2 was their
sister-group, with philydorines being far distant. These
conflicting results call for additional data and analysis.

TRIBE Philydorini. Diagnosis. The most inclusive
crown clade that contains Automolus infuscatus, Phily-
dor pyrrhodes, and Syndactyla rufosuperciliata but not
Furnarius rufus, Pygarrhichas albogularis, or Synallaxis
albescens.

On the RAG-1 and RAG-2 tree this clade is extremely
well supported (100 ⁄100 ⁄100; Fig. 2b). Other studies
also find this clade using a wide variety of markers (e.g.
Olson et al., 2005; Irestedt et al., 2006; Chesser et al.,
2007; Fjeldså et al., 2007).

Intergeneric relationships are incompletely resolved
by the RAG data. One subclade is strongly supported
(100 ⁄87 ⁄75) and includes the generic groupings: (i)
((Simoxenops + Syndactyla) Anabacerthia), (ii) (Phily-
dor + Heliobletus) Anabazenops, and (iii) Megaxenops.
The second subclade includes: (((Automolus + Hyloct-
istes) Thripadectes) Ancistrops). We did not include
Hylocryptus but others have found that it is sister to
Automolus (Irestedt et al., 2006; Fjeldså et al., 2007,
both with overlapping data).

SUBFAMILY Synallaxinae. Within the furnariids one
large clade of 26 genera, which we demarcate as the
Synallaxinae (Fig. 2b), was strongly monophyletic
(100 ⁄82 ⁄68). Along its ‘‘spine’’ there is a series of nodes,
most of which are also strongly supported by RAG
sequences. At the base of the synallaxine tree is
Margarornis + Premnoplex (but not Premnornis or
Roraimia; Rudge and Raikow, 1992). Although these
two genera have been associated on other trees (e.g.
Irestedt et al., 2006) their deep relationships to other
genera have been uncertain, probably because mito-

chondrial and nuclear intron markers are not giving a
sufficiently clear phylogenetic signal for these taxa. The
next clade off the tree is Aphrastura, followed by
Leptasthenura + Sylviorthorhynchus, a relationship also
found by Gonzalez and Wink (2008). All of these nodes
are strongly supported by our data. These are followed
by a large clade of 21 genera (100 ⁄85 ⁄76) that represents
the core of the Synallaxinae. Although basal relation-
ships remain uncertain, we recognize two well-supported
clusters of genera at the rank of tribe (below).

The name of this family-group taxon deserves com-
ment. Bock (1994, p. 195) listed this family-group name
as, quoting, ‘‘Synallaxeinae de Selys-Longchamps, 1839
(1836) which takes precedence from 1836 and which is
the valid name for this family-level taxon’’ [his specify-
ing 1836 is presumably because Anabatinae Sundevall
1836 is a synonym of ‘‘Synallaxeinae’’ as Anabates is a
synonym of Synallaxis]. The names ‘‘Synallaxeidae’’
(Bock, 1994, p. 147) and ‘‘Synallaxeinae’’ (Bock, 1994,
pp. 194–195), unfortunately, are new names created by
Bock when he transcribed de Selys-Longchamps! (1839,
p. 13) name ‘‘Synallaxidées’’. De Selys-Longchamps
(1839, p. 12) specifically referred to his groups as
families (giving them all the suffix ‘‘idées’’ and he listed
their principal genera; under the code (Article 11) these
are valid family-group names but the suffix must be
changed. The name of the family-group is based on
Synallaxis Vieillot 1818 and takes the date when it was
first proposed (1839).

TRIBE Synallaxini. Diagnosis. The most inclusive
crown clade of species that contains Synallaxis albescens
and Certhiaxis cinnamomeus but not Thripophaga fusci-
ceps.

Our diagnosis is minimal because there is uncertainty
about where some unresolved and closely related
lineages—Spartonoica + Pseudoseisura, Phacellodomus,
Anumbius + Coryphistera, or Hellmayrea, and oth-
ers—might eventually be placed (Fig. 2b).

At present the Synallaxini (100 ⁄100 ⁄99) includes
((Synallaxis + Gyalophylax) Poecilurus) + (Certhiax-
is + Schoeniophylax). One or more other lineages will
probably be sisters to these genera, in which case the
tribe may be expanded.

TRIBE Thripophagini, new taxon (type Thripophaga
Cabanis, 1847). Diagnosis. The most inclusive crown
clade that contains Acrobatornis fonsecai, Xenerpestes
singularis, and Thripophaga fusciceps but not Synallaxis
albescens.

This tribe (100 ⁄100 ⁄99) now includes eight genera in
essentially a trichotomy (Fig. 2b): (i) Acrobatornis, (ii)
Metopothrix + Xenerpestes, and (iii) (Limnoctites +
Cranioleuca) + (Siptornis (Thripophaga + Roraimia)).
Some other genera are ambiguously related to the
Thripophagini and may possibly be shown to be closer
to various synallaxine lineages. On our tree Asthenes is
non-monophyletic and Schizoeaca is imbedded within it.
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Together they form a well-supported lineage
(100 ⁄88 ⁄77), but their relationships to other taxa are
unclear, as is that of Hellmayrea, which is closer to
thripophagines on the basis of RAG data (yet with no
support) but could be synallaxine instead (e.g. Irestedt
et al., 2006; Gonzalez and Wink, 2008), although the
evidence for that placement is also weak at present.

Toward a phylogenetic classification of the Furnariides

The dense taxon-sampling of the present study
provides a basis for developing more fully a phyloge-
netic classification of both the Thamnophilida and the
Furnariida. In parallel with our approach to classifica-
tion in our companion paper on the Tyrannides (Tello
et al., 2009), we adopt the rank of Parvorder for both
the Thamnophilida and the Furnariida following Sibley
et al. (1988) and Sibley and Monroe (1990). Names for
subgroups within these two large clades have been
influenced by the results of Irestedt et al. (2002) and
Chesser (2004), but when necessary we have departed
from these workers as a result of our denser taxon-
sampling and different phylogenetic findings. Moreover,
we employ the same classification conventions of Tello
et al. (2009). Accordingly, we represent the topology of
Fig. 2 using a phyletic sequencing convention (Nelson,
1972, 1973; Cracraft, 1974; Wiley, 1979, 1981; see Tello
et al., 2009; for more details of our approach). Thus, a
taxon at a given level of subordination (indentation),
regardless of its Linnean rank, is the sister-taxon of all
those below it at the same level of subordination; for
example, Parvorder Thamnophilida is the sister-taxon of
(Melanopareiidae (Conopophagidae + Parvorder Fur-
nariida)). In cases of polytomies where phyletic sequenc-
ing must be abandoned, we identify each taxon of the
polytomy with an asterisk (*); for the purposes of
representing the tree faithfully in this classification, we
treat even poorly supported nodes as being resolved.
These conventions facilitate the maintenance of named
taxa that will be largely familiar to working systematists
and other ornithologists and at the same time allow for
the incorporation of new, supported concepts of group
membership (see Tello et al., 2009).

To place our classification in context, the higher-taxa
of the Order Passeriformes can be arranged as follows:

Order Passeriformes
Suborder Acanthisitti (New Zealand wrens)
Suborder Passeri (oscine passerines)
Suborder Tyranni (suboscine passerines)
Infraorder Eurylaimides (Old World suboscines)
Infraorder Tyrannides (New World suboscines)
Infraorder Furnariides
Parvorder Thamnophilida, sedis mutabilis

Family Thamnophilidae
Family Conopophagidae, sedis mutabilis
Family Melanopareiidae, sedis mutabilis

Parvorder Furnariida, sedis mutabilis
Superfamily Grallarioidea
Family Grallariidae
Family Rhinocryptidae

Superfamily Furnarioidea
Family Formicariidae
Family Scleruridae
Family Dendrocolaptidae
Family Furnariidae

We propose that the Infraorder Furnariides be classified as follows:

INFRAORDER Furnariides, new rank
PARVORDER Thamnophilida
FAMILY Thamnophilidae
Terenura
SUBFAMILY Myrmornithinae, new rank
Myrmornis
Pygiptila, Thamnistes

SUBFAMILY Thamnophilinae
TRIBE Microrhopiini, new taxon
Microrhopias
Myrmorchilus
‘‘Myrmeciza’’ atrothorax, ‘‘M.’’ pelzelni

Neoctantes

TRIBE Formicivorini
Myrmochanes
Myrmotherula
Formicivora

TRIBE Thamnophilini, new rank
Thamnomanes
Dysithamnus group: Dichrozona

Megastictus
Dysithamnus, Herpsilochmus

Thamnophilus group: Sakesphorus, Thamnophilus
Batara group: Cymbilaimus, Taraba

Hypoedaleus, Batara
Mackenziaena, Frederickena

TRIBE Pyriglenini, new taxon
Sclateria group: ‘‘Myrmeciza’’ berlepschi

Sclateria, Hypocnemoides
Pyriglena group: Gymnocichla

Pyriglena, Percnostola rufifrons
Myrmoborus, Percnostola lophotes

TRIBE Pithyini, new rank
Drymophila group: Cercomacra

Drymophila, Hypocnemis
Pithys group: Pithys, Phaenostictus

Willisornis poecilinotus
Phlegopsis
Gymnopithys, Rhegmatorhina

FAMILY Melanopareiidae
Melanopareia

FAMILY Conopophagidae
Conopophaga, Pittasoma

PARVORDER Furnariida
SUPERFAMILY Grallarioidea, new rank

FAMILY Grallariidae
Grallaria
Grallaricula
Hylopezus, Myrmothera
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FAMILY Rhinocryptidae
SUBFAMILY Scytalopodinae, new rank

Myornis
Eugralla, Scytalopus

SUBFAMILY Rhinocryptinae, new rank
Scelorchilus, Pteroptochos
Liosceles
Acropternis
Rhinocrypta, Teledromas

SUPERFAMILY Furnarioidea

FAMILY Formicariidae
Formicarius, Chamaeza

FAMILY Scleruridae
Sclerurus
Geositta (inc. Geobates)

FAMILY Dendrocolaptidae
SUBFAMILY Sittasominae, new rank

Dendrocincla
Deconychura, Sittasomus

SUBFAMILY Dendrocolaptinae
Glyphorynchus
Xiphorhynchus group: Xiphorhynchus

Campylorhamphus
Drymornis, Lepidocolaptes

Dendrocolaptes group: Nasica, Dendrexetastes
Dendrocolaptes
Xiphocolaptes, Hylexetastes

FAMILY Furnariidae
Xenops
Berlepschia

SUBFAMILY Pygarrhichinae
Pygarrhichas
Microxenops
Eremobius, Chilia

SUBFAMILY ‘‘Furnariinae’’
TRIBE Furnariini, new rank
Pseudocolaptes group: Pseudocolaptes

Tarphonomus, Premnornis
Furnarius group: Upucerthia, Cinclodes

Furnarius
Phleocryptes, Lochmias

TRIBE Philydorini
Automolus group: Ancistrops

Thripadectes
Hyloctistes, Automolus

Philydor group: *Megaxenops
*Anabazenops (Philydor, Heliobletus)
*Anabacerthia (Syndactyla, Simoxenops)

SUBFAMILY Synallaxinae
Margarornis group: Premnoplex, Margarornis
Aphrastura
Sylviorthorhynchus group:Leptasthenura, Sylviorthorhynchus
*Spartonoica group: Spartonoica, Pseudoseisura
*UNNAMEDHIGHER TAXON: Synallaxini and allies
*Phacellodomus
*Anumbius, Coryphistera
*TRIBE Synallaxini

Schoeniophylax, Certhiaxis
Poecilurus (Gyalophylax, Synallaxis)

*UNNAMEDHIGHERTAXON:Thripophagini and allies
*Hellmayrea
*Asthenes group: ‘‘Asthenes,’’ Schizoeaca
*TRIBE Thripophagini, new taxon

Acrobatornis
Metopothrix, Xenerpestes

Limnoctites, Cranioleuca
Siptornis
Thripophaga, Roraimia
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