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ABSTRACT. Several isolated bones of tinamous from Miocene deposits of Santa Cruz Province (southern
Patagonia, Argentina) are the oldest known remains of this paleognath lineage. The specimens include an
incomplete coracoid, proximal end of four coracoids, distal ends of two tibiotarsi, and distal ends of two
humeri. They represent at least two species but cannot be assigned to any known taxon. A detailed de-
scription and phylogenetic interpretation of this material is provided here. Morphological data of the fossils
are included in a matrix of 63 osteological characters and 34 terminal taxa incorporating 24 living species
of Tinamidae in addition to the fossils under study. The cladistic analysis produced 81 optimal trees, in
which the fossils are more closely related to the open-area tinamous (Nothurinae). Placement of the Santa
Cruz fossil tinamous between the open-area (Nothurinae) and the forest-dwelling (“Tinaminae”) tinamous
is consistent with the paleoenvironmental conditions inferred from the associated fossil fauna.

RESUMEN. Varios fragmentos de huesos de tinamidos de depdsitos del Mioceno de la Provincia de Santa
Cruz (sur de Patagonia, Argentina), son los restos mas antiguos que se conocen de este linaje de paleog-
natas. Los especimenes incluyen un coracoides incompleto, extremos proximales de cuatro coracoides,
extremos distales de dos tibiotarsos y extremos distales de dos hiimeros, cuya descripcion e interpretacion
filogenética son provistas aqui. Estos especimenes representan al menos dos especies, las que no pueden
ser asignadas a ningn taxén conocido. Los datos morfologicos de los fosiles aqui descriptos son incluidos
en una matriz de 63 caracteres osteologicos y 34 taxones terminales que incluyen 24 especies de tinamidos
vivientes ademas de los fosiles. El andlisis cladistico produjo 81 arboles 6ptimos en los cuales los fosiles
estan mas relacionados con los tinamidos de dreas abiertas (Nothurinae). La ubicacion de los fosiles de
Santa Cruz entre los tinamidos de areas abiertas (Nothurinae) y los de selva (“Tinaminae”) es consistente

con las condiciones paleoambientales inferidas a partir de la fauna fosil asociada.

INTRODUCTION

A large collection of vertebrate remains from the
continental Lower to Middle Miocene deposits of
southern Patagonia, Argentina (The Fleagle Collec-
tion of the Museo Argentino de Ciencias Naturales
“Bernardino Rivadavia”), was recovered during a
series of expeditions in the 1980s and early 1990s.
Among these remains is a diverse collection of birds
(Chiappe, 1991; Noriega and Chiappe, 1993) that
includes several isolated bones of tinamous, for
which we provide a detailed description and phy-
logenetic interpretation.

The Tertiary, and oldest, fossil record of Tinam-
idae is restricted to Argentina (Tonni, 1977; Tam-
bussi and Tonni, 1985; Tambussi, 1987, 1989;
Tambussi et al., 1993; Tambussi and Noriega,
1996). A Late Miocene tinamou was described as
an indeterminate species of Eudromia Geoffroy,
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1832, from La Pampa Province (Tambussi, 1987).
Two extinct species, Eudromia olsoni Tambussi
and Tonni, 1985, and Nothura parvula Tambussi,
1989, have been found in sediments from the Upper
Pliocene of Buenos Aires Province. Reports of Qua-
ternary tinamous include several extant species
from Brazil (Brodkorb, 1963), the Pleistocene
Crypturellus cf. C. transfaciatus (Campbell, 1979)
from northwestern Peru, and the extinct Nothura
paludosa Mercerat, 1897, from the Pleistocene of
Argentina. Thus, the Early Miocene tinamous of
the Fleagle Collection are the oldest known remains
of this Neotropical group of paleognaths (Chiappe,
1991).

The specimens reported here include a partial
coracoid, proximal ends of four coracoids, distal
ends of two tibiotarsi, and distal ends of two hu-
meri (Table 1). Most of this material comes from
the Santa Cruz Formation in the Argentine prov-
ince of Santa Cruz, from the fossil localities of
Monte Observacion, Monte Leon, and Canadon de
las Vacas (Fig. 1). The distal end of one tibiotarsus
comes from beds of the middle part of the Pinturas
Formation, from the locality of Portezuelo Sumich,
also in the province of Santa Cruz (Fig. 1).
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Table 1 Taxonomy, stratigraphic horizon, and locality of the specimens described herein. All specimens come from the
Lower to Middle Miocene of Santa Cruz Province, Argentina.

Specimen

Material

Taxonomy

Horizon

Locailty

Coracoid

MACN-SC-3610
MACN-SC-3613
MACN-5C-3609
MACN-5C-3611
MACN-SC-3612

Proximal end
Proximal end + shaft
Nearly complete
Proximal end + shaft
Proximal end

Tinamidae
Morphotype C1
Morphotype C2
Morphotype C1 or C2
Morphotype C1 or C2
Morphotype C1 or C2

Santa Cruz Formation
Santa Cruz Formation
Santa Cruz Formation
Santa Cruz Formation
Santa Cruz Formation

Monte Observation
Monte Observacion
Monte Observacion
Monte Observacion
Monte Observacion

Figure 1 Lower to Middle Miocene localities where the
studied specimens come from (modified from Marshall,
1976).

Humerus Tinamidae
MACN-SC-1449  Distal end Morphotype H1 Santa Cruz Formation Monte Observacion
MACN-SC-360 Distal end Morphotype H2 Santa Cruz Formation Cafiadon de las Vacas
Tibiotarsus Tinamidae
MACN-SC-1399  Distal end Morphotype T1 Pinturas Formation Portezuelo Sumich
MACN-SC-1440  Distal end Morphotype T1 Santa Cruz Formation Monte Ledn
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4‘-- al., 1988; Bown and Larriestra, 1990) is a pyro-

clastic and epiclastic aeolian deposit exposed in the
upper valley of the Rio Pinturas in southern Pata-
gonia (Fig. 1). The Santa Cruz Formation is ex-
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posed over much of southern Patagonia (Ameghi-
no, 1906; Feruglio, 1938). This formation differs
from the Pinturas Formation in having less unre-
cycled pyroclastic sediment, more fluvially depos-
ited epiclastic sand bodies, significant marine inter-
calations, less paleodune sand, and relatively im-
mature paleosols (Fleagle et al., 1995).

The sites in the Pinturas and Santa Cruz forma-
tions have yielded an important collection of Mio-
cene fossil mammals, in particular primates, mar-
supials, and rodents (Ameghino, 1906; Marshall,
1976, 1990; Barrio et al., 1984; Bown and Fleagle,
1993). Among birds, representatives of Rheidae,
Ciconiiformes, Galliformes, Anseriformes, and
Cruiformes are present in the Santa Cruz Forma-
tion (Ameghino, 1891, 1895); whereas members of
the Falconiformes are known from both the Santa
Cruz and Pinturas formations (Ameghino, 18935,
1899; Chiappe, 1991). The Pinturas Formation has
also yielded the oldest known tinamou, a specimen
included in this study, and indeterminate remains
of members of the Passeriformes (Noriega and
Chiappe, 1993) and Strigiformes (Chiappe, 1991).

The environmental conditions prevailing during
deposition of the Pinturas Formation varied. Pa-
leoenvironmental studies indicate that the lower se-
quence accumulated under warm, subtropical con-
ditions and that the subsequent depositional se-
quences may have been characterized by periodi-
cally drier conditions and more open areas (Bown
and Larriestra, 1990; Genise and Bown, 1994). The
deposition of the Santa Cruz Formation appears to
have occurred under warm, humid conditions, as
indicated by calcareous steinkerns of trees. The
presence of nests of scarabaeid beetles and burrows
of solitary bees suggests the existence of open areas
{Genise and Bown, 1994). Thus, the Pinturas and
Santa Cruz formations appear to have been depos-
ited at a time when open areas were expanding.

Ameghino (1906) and later workers regarded the
Pinturas Formation as slightly older than the Santa
Cruz Formation (Frenguelli, 1931; Barrio et al.,
1984). However, others have questioned the dis-
tinctiveness of the Pinturas fauna and attributed it
to the Santa Cruz Formation (Pascual and Odre-
man-Rivas, 1971; Marshall, 1976). Bown and Lar-
riestra (1990) described the Pinturas deposits as a
separate formation, distinct from the Santa Cruz
Formation. Biostratigraphic evidence, mainly de-
rived from the record of paleothentid marsupials,
supports an Early to Middle Miocene age for the
Pinturas beds (Bown et al., 1988; Bown and Lar-
riestra, 1990; MacFadden, 1990; Fleagle et al.,
1995). Radioisotopic analysis supports an age be-
tween 17.5 and 16.5 Ma for the mammal-bearing
beds of the Pinturas Formation and an age younger
than 16.5 Ma for the localities of Monte Obser-
vacion and Monte Leon from the Santa Cruz For-
mation (Fleagle et al., 1995).
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SYSTEMATIC PALEONTOLOGY

Aves Linnaeus, 1758
Palacognathae Pycraft, 1900
Tinamidae Gray, 1840

DIAGNOSIS. Paleognathous birds with supra-
orbital bones (i.e., superorbital ossicles of Parker
[1866]) roofing the orbit, lacrimal and ectethmoid
partially fused into a lacrimal-ectethmoid complex
(Cracraft, 1968), fossae piercing the interorbital
septum (Bertelli, 2002), a sternum lacking a rostral
external spine (Parker, 1866; Baumel et al., 1993)
and bearing elongated lateral trabeculae (Bledsoe,
1988), a coracoid with a proximodorsal foramen
(Parker, 1866) and lacking dorsodistal foramina
(Bertelli, 2002), a humerus with a shallow trans-
verse ligamental groove {Lee et al., 1997) and a
ventral condyle longer than the dorsal condyle
(Clarke and Chiappe, 2001), and a strong, rounded
depression between tibiotarsal condyles (Bertelli,
2002).

REFERENCED SPECIMENS AND TAXONO-
MY. All studied specimens constitute isolated, right
elements (Figs. 2-4): MACN-SC-3609, a nearly
complete coracoid; MACN-SC-3610 and MACN-
SC-3612, two proximal ends of coracoids; MACN-
SC-3611 and MACN-SC-3613, two proximal ends
and shafts of coracoids; MACN-SC-1449 and
MACN-SC-360, two distal ends of humeri; and
MACN-SC-1399 and MACN-SC-1440, two distal
ends of tibiotarsi. The size of all these elements
agrees well with that expected for tinamous slightly
smaller than the Spotted Nothura, Nothura macu-
losa Temmink, 1815. There are two morphotypes
of coracoids, two morphotypes of humeri, and a
single morphotype of tibiotarsus (Table 1). Al-
though none of these morphotypes can be associ-
ated to one another on the basis of anatomical ev-
idence, differences between the two coracoids and
the two humeri (see Anatomical Description sec-
tion) indicate that the referred specimens represent
at least two species. Because these specimens can-
not be assigned to any known living or extinct spe-
cies, we believe that they represent new species.
However, given the fragmentary nature of the ma-
terial, we refrain from naming them.

LOCALITY AND HORIZON. See Table 1 for
details on the locality and horizon for each speci-
men.

ANATOMICAL DESCRIPTION. Anatomical
nomenclature mainly follows Baumel et al. (1993);
certain structures not cited herein follow Howard
(1929). The Latin terminology used by Baumel et
al. (1993) is retained for muscles and ligaments,
whereas osteological structures are described with
the English equivalents of the Latin terms.

Coracoid. All studied specimens (MACN-SC-
3609, MACN-SC-3610, MACN-SC-3611, MACN-
SC-3612, and MACN-SC-3613) exhibit a foramen
on the dorsal surface, just distal to the triangular-
shaped scapular facet (Figs. 2A, B, E, F). This fea-
ture is here interpreted as a synapomorphy of Tin-
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Figure 2 Coracoids. A, MACN-SC-3609, dorsal view; B, MACN-SC-3611, dorsal view; C, MACN-SC-3613, ventral
view; D, MACN-SC-3610, ventral view; E, MACN-SC-3612, dorsal view; F;, MACN-SC-3610, dorsal view. Anatomical
abbreviations: ap, acrocoracoid process; bt, brachial tubercle; f, foramen; gl, groove for ligamentum acrocoracohumerale;
hf, humeral articular facet; il, impression for insertion of musculus biceps brachii; im, impression for the origin of
ligamentum sternoprocoracoideum of membrana sternocoracoclavicularis; pp, procoracoid process; sf, scapular articular
facet; sg, supracoracoidal groove; st, sternal articular facet.
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Figure 2 Continued.
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Figure 3 Humeri. A, MACN-SC-1449, cranial view; B, MACN-SC-360, cranial view; C, MACN-SC-1449, dorsal view;
D, MACN-SC-360, dorsal view. Anatomical abbreviations: al, attachment of musculus pronator brevis (Howard, 1929);
am, attachment of ligamentum articulare craniale (i.e., anterior articular ligament of Howard [1929]); dc, dorsal condyle;
df, distal fossae; dp, dorsal supracondylar process; mb, impression for insertion of musculus brachialis; vc, ventral condyle.

amidae. Although a similar condition has been de-
scribed for Opisthocomidae (Ericson, 1997), the
presence of other tinamid synapomorphies in the
acrocoracoid process of the Santa Cruz fossils (see
below) supports our interpretation. Immediately
above the scapular facet, on the dorsal surface of
these coracoids, there is a deep fossa excavated on
the upper edge of the procoracoid process. Distal
to the base of this process, there is a distinct im-
pression for the ligamentum sternoprocoracoideum
of the membrana sternocoracoclavicularis (Baumel
etal., 1993). Unlike the tinamous Crypturellus Bra-
bourne and Chubb, 1914, Nothura Wagler, 1827,
Nothoprocta Sclater and Salvin, 1873, Eudromia,
Tinamotis Vigors, 1837, Rhynchotus Spix, 1825,
and Taoniscus Gloger, 1842, the base of the pro-
coracoid process of the Santa Cruz coracoids does
not project distally into a ridge (Figs. 2A, B). This

distal ridge of the procoracoid process is tentatively
identified as a surface for the origin of the memb.
sternocoracoclavicularis (Baumel et al., 1993). Like
in many other birds (including the outgroups used
in this study), the surface of the humeral facet of
all of these coracoids is slightly convex and oriented
laterally (Figs. 2A, B, E, F).

On the proximal end of MACN-SC-3610 and
MACN-SC-3613, the acrocoracoid process is slen-
der and it projects beyond the proximal edge of the
humeral articular facet (Figs. 2E, F). The poorly
developed acrocoracoid process of these specimens
approaches the condition present in most tinamous,
differing from the stronger development seen in Eu-
dromia, Tinamotis, and Nothocercus Bonaparte,
1856, in which the acrocoracoid process reaches
the development seen in galliforms. Immediately
distal to the acrocoracoid process, there is a distinct













































