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Resumen. — Sistemdtica de tindmidos (Tinamidae): un andlisis combinado preliminar de morfologia
y moléculas. — El interés en la evolucion de las perdices (Palacognathiformes: Tinamidae) detiva de que
son consideradas primitivas entre las aves actuales. Pese a esto, el conocimiento acerca de la filogenia de
este grupo Neotropical es muy escaso. Dos nuevos estudios produjeron filogenias de la familia usando
morfologia externa e interna (237 caracteres) y secuencias de ADN mitocondrial (1143 pb) y nuclear (1145
pb), respectivamente. Las dos hip6tesis presentan algunas similitudes pero también varias incongruencias:
ambas apoyan la monofilia del grupo de las perdices de areas abiertas pero son incongruentes en la
monofilia de las perdices de selva y las relaciones filogenéticas dentro de estos dos grupos. Aqui presenta-
mos un resumen de los dos estudios anteriores y los datos moleculares y morfolégicos en un analisis com-
binado. El andlisis bajo pesos implicados divide la familia en dos grupos monofiléticos, uno compuesto
por las especies de selva y el otro por las especies de areas abiertas. Estos resultados son también una de las
dos hipdtesis alternativas obtenidas en los analisis con pesos iguales. Ademas, Eudromia y Tinamotis ocupan
una posicién basal dentro de las perdices de dreas abiertas, y todos los géneros tradicionales son redelimi-
tados como monofiléticos.

Abstract. — Intetest in the evolution of the tinamous (Palaconathiformes: Tinamidae) derives from the
fact that they are primitive among extant birds. In spite of this, very little is known about the phylogeny of
this Neotropical group. Two new studies produced phylogenies for the family using external and internal
morphology (237 characters) and mitochondrial (1143 bp) and nuclear (1145 bp) DNA sequences, respec-
tively. The two hypotheses had some similarities but also several disagreements: both recovered a clade of
aridland tinamous but they disagreed on the monophyly of the forest-dwelling tinamous, as well as on the
relationships within these two groups. Here we summatize the previous two studies and combine the mor-
phological and molecular dataset into a single analysis. In the weighted combined hypothesis, the family is
divided into two monophyletic groups, one composed of forest taxa, and one of aridland taxa. This is also
one of the two alternative hypotheses recovered in unweighted analyses. The combined tree also places
Eundromia and Tinamotis as basal within the aridland tinamous, and recovers all traditional genera as mono-
phyletic. Accepted 29 December 2003.
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INTRODUCTION Groth & Barrowclough 1999). The family

Tinamidae comprises 47 described species
Ratites and tinamous (Infraclass Palacog-  that have been traditionally classified into
nathae) together are the sister group to all nine genera (Blake 1977, Sibley & Monroe
other living birds (Cracraft & Clarke 2001,  1990), but remarkably few systematic studies
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FIG. 1. A) Intergeneric relationships obtained in a previous cladistic analysis of morphological data (mod-
ified from Bertelli 2002). B) Intergeneric relationships obtained in previous maximum parsimony and max-
imum likelihood analyses of morphological data (modified from Porzecanski 2003).

have evaluated their generic monophyly and
interrelationships. Building on the work of
Salvadori (1895) and von Boetticher (1934),
Miranda- Ribeiro (1938) divided the tinamou
species into two general categories, and pro-
posed a subfamily for each of these: one har-
boring the forest tinamous, Tinaminae, and
the other composed of open-area or aridland
tinamous, Nothurinae. Subsequent studies
focused on subsets of the genera and particu-
lar aspects of the morphology (Jehl 1971,
Hudson ez al. 1972, Elzanowski 1982), but it
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was not until very recently that comprehen-
sive and modern phylogenetic analyses of the
family were performed.

Bertelli (2002) and Bertelli ez al. (2002)
presented cladistic analyses of the family
based on morphological data (see also Bertelli
2004). The most comprehensive database
included characters of several types: osteolog-
ical (108 characters), integumentary (80),
myological (40), and behavioral/reproductive
(11) (Bertelli 2002). The resulting morpholog-
ical hypothesis does not recover a monophyl-



etic assemblage of forest tinamous (Fig. 1A).
The forest genera are placed at the base of the
tree and are related sequentially to a more
derived, and monophyletic, assemblage of
aridland tinamous. All genera are recovered as
monophyletic except Nothura. Finally, Ewudro-
mia and Tinamotis are sister groups, and form
the most derived clade within the aridland
tinamous (Fig. 1A).

Simultaneously, Porzecanski (2003) carried
out a molecular study of the family, using
mitochondrial cytochrome & and nuclear
RAG-2 gene sequences. The mitochondrial
and nuclear trees conflicted with respect to
the basal relationships within the family, but
basal nodes lacked significant support in both
cases. The trees most congruent with other
sources of data, such as plumage characters,
resulted from analyses of the nuclear
sequences alone, as well as of both loci
together. Unlike the morphological analyses,
those hypotheses divided the family into two
main clades corresponding to the aridland and
forest tinamous (Fig. 1B). In addition, all
molecular trees recovered Nothura as a mono-
phyletic genus, but Nothoprocta as paraphyletic.
Finally, Eudromia and Tinamotis formed a
clade, but this clade was placed in a basal posi-
tion within the aridland tinamous.

Given the multiple areas of conflict
among the morphological and molecular
tinamou phylogenies, it was our aim to
explore the results of a combined, total-evi-
dence analysis.

METHODS

We combined all of the existing morphologi-
cal and molecular data into a single matrix.
This matrix was composed of 58 terminal taxa
and 2525 included all
described species of Tinamidae (with subspe-

characters. Taxa
cies in some cases) and what appears to be a
new form of Nothura (Bertelli et al. in prep.).
In addition, six ratite genera were used as out-
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groups, and a basal neognath, Megapodius, as
the root of the tree. When a particular type of
character was not available for a given species
those characters were coded as missing. All
genera, however, had a least one species for
which all types of characters were available.
The matrix was analyzed using the program
SPA (Goloboff 1996) given that it allows the
use of cost matrices for complex morphologi-
cal character state transformations (general-
ized Sankoff parsimony). For comparative
purposes, we carried out an equal weight anal-
ysis using NONA (Goloboff 1993a), and an
analysis under implied weights was carried out
using Pee-wee (Goloboff 1993b). In all cases,
searches were performed using 20 random
addition sequences with 20 TBR-rachet itera-
tions each, for a total of 400 iterations. Branch
support was estimated by calculating absolute
and relative Bremer indices using the program

TNT (Goloboff et al. 2000).
RESULTS

NONA and SPA results were incompatible
only with respect to three nodes, all internal
nodes with the genus Nothoprocta; the NONA
tree is shown here with the conflicting nodes
marked by asterisks (Fig. 2). This combined
hypothesis agrees with the molecular tree and
the morphological tree that aridland tinamous
form a monophyletic group. The relationships
among the forest tinamous, however, are not
resolved: the genus Nothocercus is placed as
basal to all other tinamous in some optimal
trees, but the forest tinamous are monophyl-
etic in other optimal trees.

The combined tree also agrees with the
molecular hypothesis in placing Exdromia and
basal within the aridland
tinamous. In contrast, and in agreement with

Tinamotis  as

the morphological results, the combined tree
recovers Nothura as paraphyletic and Nozho-
procta as monophyletic. Of the internal nodes
in the tree, 74% are relatively well-supported
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FIG. 2. Strict consensus tree of the 44 most parsimo
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nious trees obtained under equal weights analysis,

length = 979 steps, CI = 0.29. Values above and below branches show the absolute and relative Bremer

support values (see Methods). The branches that are not congruent with the consensus obtained under

[Tt

Sankoff parsimony analysis are marked with a “x”.

(absolute Bremer support = 3), and 42% of
the nodes have relative Bremer support
= 100. Except for Nothura, which is paraphyl-
etic, and for Tinamus, the monophyly of all
remaining polytypic genera is well-supported.
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When homoplastic characters are down-
weighted (i.e., in the Pee-Wee analysis), the
family is divided into two groups: a forest
clade and an aridland clade (Fig. 3). In these
weighted analyses a new arrangement within
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FIG. 3. Single most optimal tree obtained under implied weight analysis. Support indicated as in Figure 2.

the aridland tinamous is recovered (see Fig. 3).
In this case, Rhynchotus is the sister group to a
clade composed of Taoniscus, Nothura, and
Nothoprocta.

DISCUSSION

The low level of conflict found among the

analyses with and without step-matrices is an
indication that the interaction among the
characters is maintained regardless of whether
some of the character-state transformations
are penalized or not. These unweighted analy-
ses result in two alternative hypotheses that
conflict with respect to the basal relationships
in the family. The weighted analysis resolves

297



BERTELLI & PORZECANSKI

this conflict in favor of the least homoplastic
characters, which support one of the two
alternatives: a division of the family into a for-
est clade and an aridland clade. These prelimi-
nary results lend support to Miranda-Ribeiro’s
(1938) division of the family into two subfam-
ilies and would suggest an early divergence
between forest and aridland taxa, followed by
little plasticity in broad habitat preferences
over the rest of the group’s evolution. In addi-
tion, all of the traditional genera are recovered
as monophyletic in the weighted hypothesis.

Cytochrome 4 data are considered to be
saturated at the distances found among
tinamous (Porzecanski 2003). Nevertheless,
we find that they provide a similar number of
synapomorphies in the basal nodes as the
morphology. Thus, all types of characters are
contributing evidence at the different hierar-
chical levels of the tree. Nodal support varies
throughout the trees, with areas of conflict
among the different types of characters visi-
ble as areas of particularly low branch sup-
port. These areas of the tree will require
further study, preferably with expanded
molecular and morphological sampling.

The molecular data were previously used
(Porzecanski 2003) to shed light on the timing
of diversification within the family. Given that
some of the same nodes are recovered in the
combined weighted analysis, those estimates
apply here as well. Based on alternative cali-
brations of the nuclear distances, the earliest
divergences within Tinamidae are postulated
to have occurred in the early Eocene, while
most of the subsequent diversification within
the family is estimated to have occurred
between the Oligocene and Miocene.
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