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ABSTRACT.—The outlines of the phylogenetic relationships within the New World subos-
cine clade Tyrannoidea were investigated on the basis of nucleotide sequence data from two
nuclear genes (c-myc and RAG-1) and one mitochondrial gene (cytochrome b), totaling over
2,400 bp. Representatives of the major tyrannoid lineages were sequenced, including Pa-
chyramphus, Schiffornis, Tityra, and Oxyruncus. The data set with the three genes combined
was analyzed under both the parsimony and maximum-likelihood criteria and under dif-
ferent character weighting schemes. The analyses resulted in similar topologies that differed
only in poorly supported nodes. The three manakins (Pipra, Manacus, and Chiroxiphia) in-
cluded in this study were found to be monophyletic, whereas Schiffornis—sometimes also
considered to be a manakin—did not group with the manakins, but occurred with Pachyr-
amphus and Tityra in the clade Tityrinae. The two clades Pipromorphinae and Tyranninae
are also strongly supported in this analysis and appear as sister groups, thus supporting
the monophyly of the tyrant flycatcher assemblage. Phytotoma was placed with the only co-
tingid species included in this analysis, whereas the position of Oxyruncus was unresolved.
Received 10 October 2000, accepted 6 May 2002.

RESUMEN.—Se investigé el perfil de las relaciones filogenéticas dentro del clado suboscino
del Nuevo Mundo Tyrannoidea en base a datos de secuencias de nucleétidos de dos genes
nucleares (c-myc y RAG-1) y un gen mitocondrial (citocromo b), con un total que sobrepasé
las 2,400 pb. Se secuenciaron representantes de los principales linajes del clado Tyrannoidea,
incluyendo Pachyramphus, Schiffornis, Tityra, y Oxyruncus. El conjunto de datos, con los tres
genes combinados, fue analizado bajo los criterios de parsimonia y de maxima probabilidad
y bajo diferentes esquemas de peso de los caracteres. Los andlisis produjeron topologias si-
milares que sélo difirieron en los nodos pobremente resueltos. Se encontré que los tres gé-
neros Pipra, Manacus, y Chiroxiphia incluidos en este estudio fueron monofiléticos, mientras
que Schiffornis, que a veces también se ha considerado como perteneciente a este grupo, no
se agrupd6 con ellos, pero ocurrié con Pachyramphus y Tityra en el clado Tityrinae. Los dos
clados Pipromorphinae y Tyranninae también fueron apoyados fuertemente por este andlisis
y aparecen como grupos hermanos, apoyando la monofilia del grupo de los cazamoscas ti-
ranidos. Phytotoma se encontré con las tinicas especies cotingidas incluidas en este andlisis,
mientras que la posicién de Oxyruncus fue irresoluta.

TYRANNOIDEA, ONE OF THE two major clades
of New World suboscines, contains ~537 spe-
cies (Sibley and Ahlquist 1990) and includes,
for example, tyrant flycatchers, manakins, and
cotingas. The vast majority of the tyrannoid
species are confined to the Neotropics, but a
few migratory species also occur in the Nearc-
tic. Monophyly of this group has been pro-
posed on the basis of myological data (Raikow
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1987) and has further been corroborated by
DNA-DNA hybridization (Sibley and Ahlquist
1990) and nuclear DNA sequence analyses
(Irestedt et al. 2001).

The basal phylogenetic relationships within
Tyrannoidea are less well understood. In many
traditional classifications, the species included
in that clade have been grouped into the five
families Tyrannidae (tyrant flycatchers), Pipri-
dae (manakins), Cotingidae (cotingas), Oxy-
runcidae (sharpbill), and Phytotomidae (plant-
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cutters). The latter two families contain a single
genus each that include one and three species,
respectively. The phylogenetic positions of
Oxyruncidae and Phytotomidae are uncertain,
and they have variously been considered dis-
tinct families or included in any of the other
families.

In addition to the taxa mentioned above, a
few other enigmatic taxa have been difficult to
place in any of the traditionally recognized
families. Six of those taxa are lodopleura, Lanii-
soma, Laniocera, Xenopsaris, Schiffornis, and
Pachyramphus. Traditionally these genera have
not been considered to be closely related, but
have been allocated to different families. Prum
and Lanyon (1989), however, suggested that
these taxa actually constitute a monophyletic
assemblage, referred to as the "’Schiffornis-
group”’, based on two syringeal characters.
That group has also been recovered in a phy-
logenetic analysis based on 339 base pairs (bp)
of the cytochrome-b gene (Prum et al. 2000), al-
though this study further suggested that Tityra
also is part of that clade, contrary to the result
based on morphology. The clade containing the
"’Schiffornis-group”” and Tityra has been re-
ferred to as Tityrinae (Prum et al. 2000). Cer-
tain morphological characters traditionally
considered to be important in tyrannid classi-
fication suggest an affinity between Tityrinae
and tyrant flycatchers (e.g. the possession of in-
ternal syringeal cartilage and an intrinsic sy-
ringeal muscle with an oblique fiber direction),
whereas other characters are shared with the
manakins and cotingas (e.g. the enlarged fem-
oral artery and the insertion of the intrinsic
muscle on the membrane between the Al and
B1 syringeal supporting elements). Prum et al.
(2000) argued that the latter suite of characters
in the tityrines are homologous with those in
cotingids, suggesting that the Tityrinae is part
of that radiation. Furthermore, their molecular
data suggested a sister group relationship be-
tween the tityrines and the traditional cotingas.

Monophyly of the Tityrinae has also been
supported by DNA-DNA hybridization data
(Sibley and Ahlquist 1990), although Pachy-
ramphus, Tityra, and Schiffornis were the only
tityrinae genera included in that study. How-
ever, the DNA-DNA hybridization study did
not support the cotingid affinity of Tityrinae,
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FIG. 1. A hypothesis of the phylogenetic relation-
ships within Tyrannoidea based on DNA-DNA hy-
bridization data (Sibley and Ahlquist 1990).

but grouped the tityrines with certain tyrant
flycatchers (Fig. 1).

One of the more unexpected findings of the
DNA-DNA hybridization study (Sibley and
Ahlquist 1985, 1990) was that a group of genera
traditionally regarded as tyrant flycatchers
formed the sister group of all other tyrannoids,
including manakins and cotingas (Fig. 1). That
novel clade, named Pipromorphinae, included
eight genera. Among those are Mionectes, To-
dirostrum, and Leptopogon.

In this study, we investigate the higher-level
phylogenetic relationships within the Tyran-
noidea on the basis of DNA sequence data from
exons of two nuclear genes (c-myc and RAG-1)
and one mitochondrial gene (cytochrome b), a
total of 2,406 bp. The cytochrome-b gene has
been widely used in avian phylogenetic stud-
ies, whereas the two nuclear genes only re-
cently have received attention in this type of
study (Groth and Barrowclough 1999, Ericson
et al. 2000, Johansson et al. 2001, and Irestedt
et al. 2001). Because these three genes have dif-
ferent properties and rates of base substitution
(see e.g. Johansson et al. 2001 for a comparison
of the two nuclear genes), they may be infor-
mative at different phylogenetic levels. In ad-
dition, congruence between different gene
trees that presumably belong to different link-
age groups would increase the probability that
these trees actually reflect the evolutionary his-
tory of the group.
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TABLE 1. Specimen and GenBank accession numbers for the samples used in the study. The taxonomy fol-
lows Traylor 1979. Acronyms: NRM = Swedish Museum of Natural History, ZMCU = Zoological Museum

of the University of Copenhagen.

GenBank accession no.

Family Species Sample no. Origin c-myc RAG-1 cytb
Tyrannidae® Corythopsis delalandi NRM 937282 Paraguay AF453779 AF453792 AF453805
Tyrannidae Myiopagis viridicata NRM 986779 Paraguay AF453780 AF453793 AF453806
Tyrannidae Elaenia flavogaster NRM 966970 Paraguay AF377279 AF453794 AF453807
Tyrannidae Leptopogon amaurocephalus NRM 937317 Paraguay AF453781 AF453795 AF453808
Tyrannidae Todirostrum cinereum NRM 947036 Paraguay AF453782 AF453796 AF453809
Tyrannidae Fluvicola pica albiventer NRM 956714 Paraguay AF453783 AF453797 AF453810
Tyrannidae Gubernetes yetapa NRM 976700 Paraguay AF295166 AF295188 AF453811
Tyrannidae Myiarchus tyrannulus NRM 937173 Paraguay AF453784 AF453798 AF453812
Tyrannidae Tyrannus savana NRM 976722 Paraguay AF295182 AF295203 AF453813
Tyrannidae Tityra cayana NRM 956584 Paraguay AF295181 AF295202 AF453814
Tyrannidae Pachyramphus polychopterus NRM 967032 Paraguay AF453785 AF453799 AF453815
Pipridae Schiffornis virescens NRM 937315 Paraguay AF453786 AF453800 AF453816
Pipridae Pipra fasciicauda NRM 947271 Paraguay AF295175 AF295196 AF453817
Pipridae Manacus manacus Trinidad = AF453787 AF453801 AF453818
Pipridae Chiroxiphia caudata NRM 956620 Paraguay AF453788 AF453802 AF453819
Cotingidae Pyroderus scutatus NRM 967030 Paraguay AF453789 AF453803 AF453820
Oxyruncidae Oxyruncus cristatus NRM 967078 Paraguay AF453790 AF453804 AF453821
Phytotomidae Phytotoma rutila ZMCU S466 Bolivia ~ AF295173 AF295194 AF453822
Conopophagidae Conopophaga lineata NRM 956653 Paraguay AF295163 AF295185 AY078173
Formicariidae Thamnophilus caerulescens NRM 967007 Paraguay AF295180 AF295201 AY078176
Furnariidae Furnarius cristatus NRM 966772 Paraguay AF295165 AF295187 AY064279
Dendrocolaptidae Lepidocolaptes angustirostris NRM 937184 Paraguay AF295168 AF295190 AY078175
Rhinocryptidae  Rhinocrypta lanceolata NRM 966793 Paraguay AF295178 AF295199 AY(078174

2 Placed in Conopophagidae in Peters (1951:277), but shown by Ames et al. (1968) to belong to Tyrannidae.

METHODS

Taxon sampling and outgroups.—Eighteen species of
tyrannoids were selected to represent the five tradi-
tionally recognized families (Traylor 1979), as well
as the major lineages proposed by previous phylo-
genetic studies (W. E. Lanyon 1984, 1985, 1986,
1988a, b; Prum and Lanyon 1989; Prum 1990; Sibley
and Ahlquist 1990). The trees were rooted according
to the outgroup criterion (Farris 1972, Nixon and
Carpenter 1993) with five representatives (Thammnop-
hilus, Conopophaga, Furnarius, Lepidocolaptes, and Rhi-
nocrypta) of the proposed sister group Furnarioidea
(Sibley and Ahlquist 1990, Irestedt et al. 2001). Sam-
ple information of the included taxa and GenBank
accession numbers are given in Table 1.

Extraction, amplification, and sequencing.—Labora-
tory procedures for the extraction, PCR-amplifica-
tion, and sequencing of the two nuclear genes, RAG-
1 and c-myc, follow protocols described by Ericson et
al. (2000) and Irestedt et al. (2001). A similar protocol
was also followed for the amplification and sequenc-
ing of the cytochrome-b gene. Initially, ~1,000 bp of
this gene were amplified as a single fragment with
either of the primer pairs 114841 (Kocher et al. 1989)
and H15915 (Edwards and Wilson 1990) or L14841

together with Thr 1 (5'-TCT TTG GCT TAC AAG
ACC AA-3'). The thermocycling conditions included
an initial denaturation at 94°C for 5 min, followed by
40°C cycles of 94°C for 40 s, 49°C for 40 s, 72°C for 1
min, and completed with a final extension at 72°C for
5 min. The PCR products were cleaned with QIA-
quick®™ PCR Purification Kit (Qiagen®, Valencia, Cal-
ifornia) following the protocol of the manufacturer.
Sequencing reactions were carried out with Perkin
Elmer Applied BioSystems PRISM terminator cycle
sequencing kits with AmpliTaq FS polymerase and
BigDye terminators, following the manufacturer’s
protocol. For the sequencing reactions, the following
primers were used: L14841, P5L (5'-CCT TCC TCC
ACG AAA CAG GCT CAA ACA ACC C-3"), H658
(5'-TCT TTG ATG GAG TAG TAG GGG TGG AAT
GG-3'), and H15915 or Thr 1, with P5L and H658 as
internal primers on the light and heavy strands, re-
spectively. Sequencing products were run on a Per-
kin Elmer Applied BioSystems 377 automated fluo-
rescent sequencing instrument. For each taxon, the
multiple sequence fragments obtained by sequenc-
ing with different primers were assembled to com-
plete sequences with SeqMan II® (DNASTAR Inc.,
Madison, Wisconsin). At a few positions the nucle-
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Oxyruncus - This study ok ok ko x ok kX % K K K K K Kk K K K K K X K K x X K K K K X K K K X X X K % %
Oxyruncus - Prum et al. 2000 Xk k Kk kK A K K X QG F R K K Kk ok ok ok x ox ok x ok X T KKK K x x| X x %
Gallus FTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLAL
Amazona Bk Kk R K K % A K R X K K K K X K X * K Rk A K K K X KX X X K X X X * K %
Chloroceryle Aok ok kX K K K R X K K K A K K K K £ Kk K K K X * X x A K K K * X X K X % %
Melanerpes ok kR ok koK K R K xR X X A K X K X K K K K X K X X K K K K X K X X K x K A %
Momotus Ok R ok ok R K Kk R K R A K K K K K K K X X K K K X K K K K * X K X K K * * K %
Homo 2 T N Y A
Mus WM * % % % ® N * % % % % & £ x kK K K ok X K K X A K K X % X K K K K X K % %
Omithorhynchus N e T T
Didelphis R VI T A T TR
Xenopus B e T A N R Y B
Crossostoma Ok kA K koK K R K K X K R K K K K K K K X X X K K K K X K X K K KX K * Kk % %
Cyprinus K x x K koK K K X K K K X X K R K K K K X K K A K X K K K K K X K X Kk * %
Crysemus Ok ko kK K Gk K K K K kK K K x £ K K K K K X K K K X K £ K X X X % * x *
Alligator R N Y I B Y

FiG. 2. Aligned amino acid sequences from a broad range of vertebrate taxa showing a highly conserved
region of the cytochrome-b gene (position 15661 to 15777 relative the published Gallus sequence; Desjardin
and Morais 1990). The alignment is based on sequences from five birds (Gallus gallus—GenBank accession
number X52392; Amazona ventralis—U89178; Chloroceryle americana—U89183; Melanerpes carolinus—U89192;
Momotus mexicanus—U89187), four mammals (Homo sapiens—J01415; Mus musculus—]01420; Ornitorhynchus
anatinus—X83427; Didelphis virginiana—22957), one amphibian (Xenopus laevis—M10217), two fish (Cyprinus
carpio—X61010; Crossostoma lacustre—M91245), one turtle (Chrysemus picta—AF069423), and one alligator
(Alligator mississippensis—NC-001922). Nucleotides identical with the Gallus sequence are indicated with an
asterisk. A comparison of the Oxyruncus cristatus sequences derived from this study with the published se-
quences by Prum et al. (2000) (GenBank accession number AF123631) shows that the Oxyruncus sequence
from Prum et al. (2000) has acquired several amino acid substituions relative other vertebrates (unique chang-

es shown in bold), indicating that this is likely to be a nuclear copy of the cytochrome-b gene.

otide could not be determined with certainty, and
those were coded with the appropriate IUPAC code
and treated as uncertainties in the phylogenetic anal-
ysis. The sequences from the different species were
aligned in MegAlign™ (DNASTAR Inc., Madison,
Wisconsin). No indels were observed and homolo-
gous positions were easily recognized.

Before the phylogenetic analysis, we compared
our cytochrome-b sequences with previously pub-
lished sequences deposited in GenBank. That re-
vealed that our Oxyruncus sequence is different from
that deposited in GenBank (accession number
AF123631) by Prum et al. (2000). The two sequences
differ in 83 out of 375 positions (22%), which is too
many differences for conspecific cytochrome-b se-
quences. Because sample mix-up is a potential
source of error in molecular studies, we sequenced a
second individual of Oxyruncus cristatus (NRM
967091) collected at the same locality in Paraguay as
the first individual. The two sequences were found
to be identical (data not shown). Another likely
source to the observed differences is that one of the
sequences is a nuclear copy of the cytochrome-b gene
(Arctander 1995, Quinn 1997, Sorenson and Quinn

1998). Amplifications of nuclear copies are more like-
ly for certain types of source material, for example
blood samples, which are relatively poor in mito-
chondria (Quinn 1997). Both our samples of Oxyrun-
cus are extracted from muscle tissue. Nonfunctional
nuclear copies of a mitochondrial protein-coding
gene can possibly be detected by the unexpected
presence of stop codons, indels, and mutations in re-
gions conserved by structural constraints (Sorenson
and Quinn 1998). To investigate the occurrence of
unusual substitutions, we aligned the translated pro-
tein sequences of the cytochrome-b gene from a
broad range of vertebrate taxa to identify highly con-
served regions (Fig. 2). The result shows that in the
region between position 15661 and 15777 in the pub-
lished Gallus mitochondrial genome sequence (Des-
jardins and Morais 1990), our Oxyruncus sequence is
identical with other vertebrates, whereas the Oxy-
runcus-sequence previously deposited in GenBank
have acquired six amino acid substitutions. That sug-
gests that the sequence analyzed in Prum et al. (2000)
is likely to be of a nuclear origin.

Gene properties.—The analyzed portion of the c-myc
gene corresponds to the 477 bp (159 codons) long re-
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gion between positions 756 and 1233 of exon 3 in the
published Gallus sequence (Watson et al. 1983). Of
the 477 bp, only 52 (11%) positions are variable,
whereof 24 are uninformative. In addition, all but
eight of those variable positions are at a third codon
position. Within the ingroup taxa, the pairwise un-
corrected sequence divergences range from 0.6%
(Fluvicola and Gubernetes) to 2.6% (e.g. Gubernetes and
Pachyramphus). Distances between the ingroup taxa
and the furnaroid outgroups range between 1.9%
(Corythopis and Lepidocolaptes) to 4.2% (Phytotoma
and Conopophaga).

The analyzed portion of the single exon of the
RAG-1 gene corresponds to the 930 bp (310 codons)
between positions 1054 and 1983 in the chicken se-
quence (Carlson et al. 1991). Of those 930 bp, 176
characters were variable but only 65 were phyloge-
netically informative. The pairwise sequence diver-
gence is low, ranging from 0.6% (Fluvicola and Gu-
bernetes) to 3.7% (Fluvicola and Phytotoma). Between
the ingroup and outgroup taxa the divergences
range from 3.3% (Chiroxiphia and Rhinocrypta) to
5.7% (Phytotoma and Thammnophilus).

The analyzed portion of the cytochrome-b gene
corresponds to the 999 basepairs (333 codons) be-
tween position 15037 and 16035 in the chicken mi-
tochondrial genome sequence (Desjardins and Mo-
rais 1990). Of those, 531 bp (53%) are constant across
taxa, 78 (8%) uninformative, and 390 (39%) phylo-
genetically informative. The pairwise sequence di-
vergences within the ingroup range from 12.1% (Ma-
nacus and Chiroxiphia) to 20.5% (Corythopis and
Chiroxiphia). The sequence divergences within the in-
group taxa are almost as high as those between the in-
group and outgroup taxa that range from 16.0% (Pachy-
ramphus and Rhinocrypta) to 21.2% (Phytotoma and
Thamnophilus).

Phylogenetic analyses.—The sequences from the
three individual gene fragments were combined into
a single matrix and analyzed with PAUP* 4.0b8
(Swofford 1998) under the parsimony and maxi-
mum-likelihood criteria. The three genes were also
evaluated separately to compare the information
provided by the individual genes. Minimum-length
tree(s) were identified using heuristic searches with
500 random taxon additions and TBR branch
swapping.

In the initial parsimony analysis of the combined
data set, all characters were given equal weight. Sat-
uration plots of the cytochrome-b gene have indicat-
ed that some partitions of the gene, especially tran-
sitions at third positions, may be saturated due to
multiple substitutions when distantly related taxa
are compared (Irwin et al. 1991). That saturation may
obscure the phylogenetic signal, and in some studies
the exclusion of these positions have improved the
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phylogenetic resolution and increased the bootstrap
support (e.g. Groth 1998). However, those seemingly
saturated positions may in fact contain phylogenetic
information, and their inclusion may increase the
number of supported nodes, especially when large
data sets are analyzed (Kallers;jo et al. 1999). To eval-
uate the possibility of saturation in the cytochrome-
b gene, the observed pairwise number of transitions
and transversions at each codon position were plot-
ted against the uncorrected (“p”’) distances (Fig. 3).
A nonlinear correlation for any of those partitions
can be used as an indication of saturation (Moritz et
al. 1987). Transitions at third positions in cyto-
chrome b may be saturated (Fig. 3A), and those po-
sitions were thus excluded in an additional analysis
of the combined data set. Also when analyzed sep-
arately, the cytochrome-b gene was evaluated with
all positions equally weighted and with transitions
at third positions excluded. Transitions were exclud-
ed by recoding all Cs to Ts and all As to Gs at third
positions in MACCLADE (v. 3.0; Maddison and
Maddison 1992). Saturation plots for the RAG-1 and
c-myc genes (Groth and Barrowclough 1999, Irestedt
et al. 2001, Johansson et al. 2001) have shown a linear
correlation between the number of substitutions and
sequence distances for even older divergences than
are analyzed here. Consequently, all partitions of
those genes are assigned equal weights in the par-
simony analyses.

Support for individual clades was estimated by
parsimony jackknifing (Farris et al. 1996) as imple-
mented in XAC: Parsimony Jackknifer (Farris 1997)
with 1,000 replicates, each with 10 random additions
of taxa and branch swapping. Similar to a bootstrap
analysis, parsimony jackknifing measures the nodal
support by creating pseudoreplicates of the original
data matrix. However, instead of randomly resam-
pling all characters, each jackknifing pseudoreplicate
excludes ~37% (e™') of the original characters. That
deletion frequency is expected to yield support val-
ues comparable to those obtained by bootstrapping
(Farris et al. 1996).

The model for the maximum-likelihood analysis
was selected with the likelihood-ratio test imple-
mented in MODELTEST 3.06 (Posada and Crandall
1998), which chooses the simplest model that cannot
be rejected in favor of a more complex model. On the
basis of the test of maximum-likelihood models, the
general-time reversal (GTR) model with an estimate
of invariable sites and a discrete (four rate catego-
ries) gamma distribution model of among site rate
heterogeneity was selected for analysis in PAUP*.
The search for the best-fit maximum-likelihood tree
was performed in a stepwise procedure according to
suggestions by J. Huelsenbeck (pers. comm.). In the
first step, the gamma shape parameter, proportion of
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FIG. 3. Saturation plot for the cytochrome-b gene. Number of substitutions—(A) transitions, (B) trans-
version—for each pairwise comparison of taxa plotted against the pairwise uncorrected sequence divergence.
Open circles indicate first positions, closed circles second positions, and triangles third positions.

invariable sites, and substitution rate parameters
were estimated from a neighbor-joining tree. Those
estimates were then used with the empirical base fre-
quencies in a heuristic search with TBR branch-
swapping. On the resulting tree, the gamma param-

eter, proportion of invariable sites, and substitution
rate parameters were again estimated, and a new
heuristic search with TBR branch-swapping was em-
ployed. A third estimation of the parameters was
done on the basis of that tree, and those parameters
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were then used in the final search for the best-fit tree.
Nodal support for the maximum-likelihood tree was
estimated with 200 bootstrap replicates.

RESULTS AND DISCUSSION

The strict consensus tree from the parsimony
analysis of the combined data set with transi-
tions at third positions in the cytochrome-b
gene excluded is shown in Figure 4. That tree
will be referred to as the “’-3T1" tree below. In
that tree, all but two of the recovered clades re-
ceived jackknife support exceeding 94% (Fig. 4,
Table 2). Those highly supported clades are
also recovered in the analysis with all positions
weighted equally (Table 2). Only the two weak-
ly supported nodes in the -3TI analysis are not
present in the equally weighted tree. First, the
association of Schiffornis with Pachyramphus and
Tityra is not recovered in the analysis of the
equally weighted data set. Instead, Schiffornis is
placed as sister to Oxyruncus, although that ar-
rangement is unsupported by the jackknife
analysis. The second difference is found within
the clade consisting of Leptopogon, Todirostrum,
and Corythopis. In the -3TI tree, Corythopis is
placed together with Leptopogon with a 55%
jackknife support, whereas in the equally
weighted tree Corythopis is instead placed with
Todirostrum with a 80% support and Leptopogon
is basal of them.

The tree recovered by the maximum-likeli-
hood analysis of the combined data set is iden-
tical to the -3TI tree, except that an additional
clade including the taxa Pyroderus, Phytotoma,
Oxyruncus, Schiffornis, Pachyramphus, and Tity-
ra receives 74% bootstrap support (Fig. 5).

The number of supported nodes recovered
by the jackknife analysis differ greatly between
the different gene trees (Table 2). However,
there are no conflicts between the supported
nodes of one gene tree with the supported
nodes of another gene tree. The c-myc tree is al-
most completely unresolved and only four in-
group clades are supported (Table 2). The
RAG-1 gene tree is better resolved and support
is obtained for some additional clades (Table 2).
For instance, the Tyranninae (sensu Sibley and
Ahlquist 1990) is recovered with an identical
topology as that suggested by the combined
analysis (Fig. 4). Also, the clade Pipromorphi-
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FIG. 4. Strict consensus tree of five most parsi-
monious trees (1,353 steps) obtained from the anal-
ysis of the three genes (c-myc, RAG-1, and cyto-
chrome b) combined, with transitions in the third
positions of the cytochrome-b gene excluded. Parsi-
mony jackknife support for the clades are indicated
above the branches.

nae and the relationship of Tityra and Pachy-
ramphus are supported in that gene tree. Al-
though not supported by the jackknife
analysis, Schiffornis groups with Tityra and
Pachyramphus in the strict consensus tree (Table
2). All supported nodes in the RAG-1 gene tree
are also present in the cytochrome-b gene tree,
although not all of those nodes received a jack-
knife support above 50%. However, the jack-
knife support for those nodes increased consid-
erably by the exclusion of the transitions at
third positions (Table 2). The “downweighted””
cytochrome-b data set thus contains phyloge-
netic signal very similar to that observed in the
RAG-1 gene tree.

Sibley and Ahlquist (1990) divided the
Tyrannoidea (their Tyrannida) into five main
lineages: Pipromorphinae, Cotinginae, Pipri-
nae, Tityrinae, and Tyranninae. All those
clades are recovered with jackknife support by
the present study. However, Oxyruncus did not
group unambiguously with any of those clades
(Fig. 4, Table 2). Although the interrelation-
ships between most of those clades are left un-
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Rhinocrypta

Conopophaga

Thamnophilus
Furnarius
Lepidocolaptes

Schiffornis

Pachyramphus
Tityra

Oxyruncus

91 Phytotorna

Pyroderus

Todirostrum

Corythopis

Leptopogon

Elaenia

Myiopagis

Fluvicola
Gubernetes

Tyrannus

Myiarchus

Chiroxiphia
100
100 Manacus
Pipra

01

F1G. 5. Maximume-likelihood tree calculated with
the general time reversible (GTR) model with esti-
mates of invariable sites and among site rate hetero-
geneity. Log-likelihood score for this tree is
—13,999.25 and the bootstrap support for the recov-
ered clades are indicated at nodes.

resolved by the present analysis, one associa-
tion is strongly supported and differs from the
phylogenetic hypothesis on the basis of DNA-
DNA hybridization data. Contrary to the re-
sults of the DNA-DNA hybridization study
(Fig. 1), our data support the monophyly of the
entire tyrant flycatcher assemblage and places
the clades Pipromorphinae and Tyranninae as
sister groups (Fig. 4). The precise phylogenetic
delimitations of Pipromorphinae and Tyranni-
nae are uncertain, but besides the taxa included
herein (Corythopis, Todirostrum, and Leptopo-
gon), the Pipromorphinae may also include
Mionectes, Pseudotriccus, Hemitriccus (including
Idioptilon), Poecilotriccus, and Taeniotriccus (Sib-
ley and Ahlquist 1990). Lanyon (1988a) recog-
nized an assemblage within the tyrant flycatch-
ers consisting of 32 genera (named the
Elaenia-assemblage), which included, for ex-
ample, Corythopis, Leptopogon, Elaenia, and
Myiopagis. Monophyly of that group was sug-
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gested by a hypothesized derived state of the
nasal septum. Our data do not support the
monophyly of that assemblage, and Corythopis
and Leptopogon are placed together with Todi-
rostrum in Pipromorphinae, whereas Elaenia
and Myiopagis group with Fluvicola, Gubernetes,
Myiarchus, and Tyrannus in Tyranninae.

In some earlier classifications, Tityra and
Pachyramphus were placed in the Cotingidae,
but were subsequently removed to the Tyran-
nidae by Traylor (1977, 1979). Our data support
a close relationship between those taxa, but not
their inclusion in the Tyrannidae. The parsi-
mony analyses of the combined data leave the
basal relationships unresolved, whereas the
maximumd-likelihood analysis weakly supports
a clade consisting of the cotingas, Phytotoma,
Oxyruncus, and Tityrinae (Fig. 5). That ar-
rangement is consistent with the Cotingidae
sensu Prum et al. (2000). Both the -3TI and the
maximume-likelihood trees indicate the mono-
phyly of Tityrinae, and the close relationship of
Pachyramphus and Tityra exclusive of Schiffornis
(Figs. 4 and 5). That topology is identical to that
indicated by DNA-DNA hybridization data
(Sibley and Ahlquist 1990). Allozyme distance
data (S. M. Lanyon 1985) also indicate a close
relationship of Pachyramphus and Tityra, al-
though in that analysis Schiffornis was not
placed near those two. However, a different
scenario of relationship has been suggested
based on morphology. Prum and Lanyon
(1989) found that Pachyramphus and Schiffornis
share two syringeal synapomorphies (the in-
sertion of the intrinsic muscle on the AI/B1
membrane and a unique configuration of the
tracheobronchial junction) with four other taxa
and included them in their Schiffornis group.
Those two characters were not found in Tityra
which thus was not included in that clade.

The three manakins (Pipridae sensu Prum
1990) included in this study are monophyletic.
Schiffornis, which sometimes has been included
in the Pipridae (e.g. Traylor 1979), does not
group with the manakins in our analyses (Figs.
4 and 5).

The phylogenetic position of Oxyruncus is
not conclusively resolved in the present study.
In the -3TT analysis of the cytochrome-b gene,
Oxyruncus is placed with Schiffornis with weak
jackknife support (63%), and in the maximum-
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likelihood tree it is placed in a clade with Tity-
rinae (which includes Schiffornis), Pyroderus,
and Phytotoma. Oxyruncus possesses an intrin-
sic muscle that has been considered homolo-
gous with the M. obliguus ventralis found in the
Tyrannidae (Ames 1971, McKitrick 1985), al-
though that homology has been questioned
(Prum and Lanyon 1989, Prum 1990). Allozyme
distance data (S. M. Lanyon 1985) suggests that
Oxyruncus is related to Pachyramphus, Tityra,
and Piprites, whereas DNA-DNA hybridization
data place it among the cotingids (Sibley et al.
1984; Sibley and Ahlquist 1985, 1990). The main
hindlimb artery in Oxyruncus is the ischiadic as
in the Tyrannidae, whereas most cotingids pos-
sess an enlarged femoral artery (Prum 1990).
Based on cytochrome-b sequence data, Prum et
al. (2000) placed Oxyruncus within the Cotin-
gidae in a clade of aberrant cotingas that lack
the enlarged femoral artery. However, that
study was flawed by the apparent use of a nu-
clear copy of cytochrome b.

In all present analyses, Phytotoma groups
with the single cotingid species (sensu Traylor
1979) included in our comparisons, and that as-
sociation receives jackknife support in all but
one of the gene trees (cytochrome b—equally
weighted) (Table 2). A cotingid affinity of the
genus Phytotoma has often been suggested, but
that taxon is nevertheless placed in a separate
family in most classifications. Phytotoma shares
an enlarged femoral with many cotingid and
piprid taxa and also possesses the insertion of
M. tracheolateralis on the A1/B1 membrane sim-
ilar to the Cotingidae (sensu Prum et al. 2000).
A close relationship between Phytotoma and the
cotingas was also indicated by allozyme dis-
tance data (S. M. Lanyon 1985), and Lanyon
and Lanyon (1989) placed it next to the cotingid
genus Ampelion on the basis of allozyme data,
as well as synapomorphies in the syrinx. Our
data are consistent with a cotingid affinity of
Phytotoma, although its precise relationship
with that clade can only be resolved with the
inclusion of additional cotingids.
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