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Preface

‘‘Fossils are, after all, a window to the past and a desperate truth that we will never have an
entire clear picture of the ancient times’’—Claudia P. Tambussi

This book is the compilation of nearly 30 years of fascination for fossil birds and
their evolution. That fascination has maintained my enthusiasm for research on all
aspects of birds to the present day. Fortunately, 10 years ago my colleague
Federico ‘‘Dino’’ Degrange added his own enthusiasm.

The purpose of this book is to provide a synthesis of the fossil bird record of
South America and Antarctica through Cenozoic, considering the geologic forces
and climatic–environmental forces that may have shaped its evolution.

The central point is on terrestrial or arboreal birds, but some considerations on
aquatic (continental or marine) birds are also made. The temporal focus is on the
Paleocene through Pliocene times.

The book begins with a preview (Chaps. 1–4), in which the scope, conceptual,
geological, and paleogeographic framework are laid out. The rest is arranged into
five main sections. Three chapters compile the information about the main fossil
localities chronologically organized. The penultimate Chapter deals with the
zoophagous guild, analyzing the record of 13 associations and evaluating the
possible dominance of zoophagous over other guilds. The final chapter deals with
Bio-Connections of South America and Antarctica with Other Continents and
therefore addresses some issues on bird biogeography.

The information came from our own examination of fossils as well as a liter-
ature review. The data, however, are not homogeneous, since some temporal gaps
without, or with only very scant, information occurs. Some topics inevitably arise
in more than one section, but we have tried to keep the repetition to a minimum,
and to cross-reference wherever possible.

A second goal of this work is to provide a textbook and source of inspiration for
students and novel researchers. We expect that our results have the desired effect.
This book is intended to provide a reasonable basis for further research.

During 2011, Dr. Silvio Casadío (CONICET and Universidad Nacional de Río
Negro) and Dr. Miguel Griffin (CONICET and Universidad Nacional de La Plata)
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organized the symposium Seaways and landbridges: Southern Hemisphere bio-
geographic connections through time in Argentina, which proved to be an inter-
esting space for exchange and discussion on the same topics approached from very
different perspectives. This symposium gave us the push to start this work.

Claudia P. Tambussi
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Abstract

Several advances have been made on the understanding of the biotic and
environmental history of South America and Antarctica including the discovery
of additional fossil sites coupled with progress from multidisciplinary analyses
encompassing tectonic, isotopic, and radiochemical dating and molecular studies in
modern forms. This also changed the knowledge about birds. Characters of the South
American (SAn) avian fossil record are: (1) presence of taxa with uncertain affinities
and absence of Passeriformes during the Paleogene; (2) progressive and accelerated
increase of species starting at the Neogene (Miocene); (3) dispersal of important
extinct lineages (e.g., Phorusrhacidae, Teratornithidae) to North America after the
connection between both Americas; (4) scarce endemic species that are members of
clades with major diversification during the Neogene (e.g., Cariamiformes) or that
inhabit mainly in the southern hemisphere (e.g., Anhingidae); (5) highly diverse
living groups with limited (e.g., Passeriformes) or no (e.g., Apodiformes) fossil
record of which stem-groups are registered in Europe; (6) absence of the most extant
SAn bird lineages; (7) predominance of the zoophagous birds ([60 %) in all the
associations (13) under scrutiny. Changes in diversity of the SAn birds during the
Cenozoic could have been the result of the action of different processes (dispersal,
vicariance, extirpations, or extinctions) that affect groups in different ways.

Keywords Aves • Cenozoic • South America • Antarctica • Paleobiogeography

xi



Chapter 1
Introduction

Institutional Abbreviations

AMNH American Museum of Natural History, New York, New York, EEUU
BAR Museo Asociación Paleontológica Bariloche, Río Negro, Argentina
BMNH Natural History Museum, London, UK
FM Field Museum of Natural History, Chicago, Illinois, EEUU
MACN Museo Argentino de Ciencias Naturales Bernardino Rivadavia,

Ciudad Autónoma de Buenos Aires, Buenos Aires, Argentina
MLP Museo de La Plata, Buenos Aires, Argentina
MPEF-PV Museo Paleontológico ‘‘Egidio Feruglio’’, Trelew, Chubut,

Argentina
MPM-PV Museo Padre Molina, Río Gallegos, Santa Cruz, Argentina
YPM-PU Peabody Museum of Natural History, New Haven, Connecticut,

EEUU

Modern birds are represented by two big lineages, the Palaeognathae (Tinami-
formes ? Ratitae) and the Neognathae (Galloanserae ? Neoaves) (Mindell and
Brown 2005). Fowl and waterfowl (Galloanserae) represent the earliest divergence
among neognaths (Fain and Houde 2004) (Fig. 1.1). Both clades sum approxi-
mately 10,000 species of which 60 % are Passeriformes (the most diverse clade of
terrestrial vertebrates). A comparison between the past and the present reveals a
complex and hallmarked evolutionary and biogeographic history which would
have begun over 65 million years ago (Tambussi 2011).

The origin of living bird lineages has long been the subject of some contro-
versy. Did living bird lineages originate after the extinction of nonavian dinosaurs
at the Cretaceous–Paleogene limit (K-Pg, better known as Cretaceous-Tertiary or
K/T boundary)? Or did members of these lineages coexisted with nonavian
dinosaurs and survived this great mass extinction event? Whereas the data from
biogeography and molecular sequencing argue in favor of the coexistence option,
the fossil evidence refutes it, placing the ‘‘Big Bang’’ of avian radiation after the

C. P. Tambussi and F. J. Degrange, South American and Antarctic Continental Cenozoic Birds,
SpringerBriefs in Earth System Sciences, DOI: 10.1007/978-94-007-5467-6_1,
� The Author(s) 2013
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K-Pg boundary (Fig. 1.2). This latter hypothesis is based on two facts: firstly, most
lineages of living birds appear in strata from about 11 to 20 million years ago
following the great extinction event at the end of the Mesozoic, and second there

Fig. 1.1 Summary of
relationships among main
avian lineages following
Mindell and Brown (2005)
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are no Cretaceous fossils remains that can be assigned with certainty to the
Neornithes. This scenario was greatly modified some years ago by the finding of a
partial skeleton belonging to a new species of Anseriformes named Vegavis iaai,
about 71 million years old (late Cretaceous, Maastrichtian), from Antarctica, that
could be analyzed in a phylogenetic context (Clarke et al. 2005, 2006). From that
moment, at least the lineages that include the living screamers, some very prim-
itive geese and the true ducks (Anseriformes), and the close relatives of pheasants
and hens (Galliformes) are said to have coexisted with nonavian dinosaurs. This
was the first fossil evidence that definitely placed the radiation of modern birds in
the Cretaceous. After the K-Pg, the Cenozoic was undoubtedly dominated by
mammals and Neornithes birds. Be enough it to say that by the early Oligocene
(*35 million years ago), most of the orders of birds that we recognize today had
appeared. During recent decades, a great increase in paleornithological informa-
tion, especially from Miocene through Pleistocene deposits, has become available
but knowledge about South American Paleogene birds is almost stagnant. No small
bird remains have been recorded so far.

It is quite complicated characterize the effect of environmental changes on bird
communities during the South American Cenozoic. In a recent paper, Tambussi
(2011) interpreted the paleoenvironmental, paleoecological, and faunal conditions
of the Cenozoic using the four most complete bird assemblages recovered from
Neogene sediments of Patagonia and the Pampean region. In this work, we
summarized the record of land-bird, the paleoenvironmental changes of South
America and Antarctica through Cenozoic, emphasizing the relationships between
biomes and the geological forces that, through different climatic-environmental
factors, have driven its evolution. We increase the area of interest to South

Fig. 1.2 Two modern avian radiation hypotheses. a Tertiary radiation hypothesis of Alan Feduccia
(1995, 1999). b Origin of nearly all modern avian in the Cretaceous, as proposed by Joel Cracraft
(1974)
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America and Antarctica. The focal point of this analysis is on terrestrial or arboreal
birds but some considerations on aquatic (continental or marine) birds are made.

The temporal focus is on Paleocene–Pliocene fossils but Paleogene avifaunas
are poorly known, whereas Neogene (at least Miocene to Pliocene) avifauna has an
essentially modern higher level composition. The information came from both our
own examination of fossils and the literature review. The data, however, are not
homogeneous, since some temporal gaps without, or with only very scanty,
information occurs.

References

Clarke JA, Tambussi CP, Noriega JI, Erickson GM, Ketcham RA (2005) Definitive fossil
evidence for the extant avian radiation in the Cretaceous. Nature 433:305–308

Clarke JA, Tambussi CP, Noriega JI, Erickson GM, Ketcham RA (2006) Corrigendum to
definitive fossil evidence for the extant avian radiation in the Cretaceous. Nature 444:780

Cracraft J (1974) Phylogeny and evolution of the ratite birds. Ibis 116:494–521
Fain MG, Houde P (2004) Parallel radiations in the primary clades of birds. Evolution

58:2558–2573
Feduccia A (1995) Explosive evolution in tertiary birds and mammals. Science 267:637–638
Feduccia A (1999) 1,2,3—2,3,4: Accommodating the cladogram. PNAS 96:4740–4742
Mindell DP, Brown JW (2005) Neornithes. Modern birds. http://tolweb.org/Neornithes/15834/

2005.12.14. Accessed 30 March 2012
Tambussi CP (2011) Paleoenvironmental and faunal inferences based upon the avian fossil record

of Patagonia and Pampa: what works and what does not. Biol J Linn Soc 103:458–474
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Chapter 2
Paleogeographic Background

The paleogeography of South America is a result of the action of a set of major
geological forces such as tectonic, variations in the sea level, sea temperatures, and
glaciations (Fig. 2.1), which drove the landscape and climatic evolution of this
area (Ortiz Jaureguizar and Cladera 2006). Undoubtedly, these changes go hand in
hand with the evolution of the biota. The purpose of this section is to integrate the
roles played by these episodes, in shaping the geography and physiognomy of
South America. We have focused our attention on the events involved in the
formation of deposits with birds that are mentioned in this work.

The most complete Cenozoic South American land-bird fossil record is very
largely restricted to Southern South America (SSA—the south of the 15� S area
sensu Ortiz Jaureguizar and Cladera 2006), and not just to the earliest Cenozoic but
to the latest Paleocene. Deposits with bird remains are distributed geographically
across Argentina, Uruguay, Chile, Perú, and Brazil with comparatively few Tertiary
land-bird bearing localities outside these countries, e.g., Colombia (Rassmusen and
Kay 1992).

The Andes, the longest mountain range in the world, is the outstanding geo-
logical feature of South America. It consists of 7,000 km of massive continental
rocks all crossing from the north to the south Pacific margin of the continent,
which has had deep effects on plant and animal dispersion and evolution in South
America. In essence, the Andes represents the tectonic upthrust of rock when the
South American plate collides with the Pacific plate. The Southern Andes is the
oldest, with significant uplift already prior to the Oligocene. The Central Andes
has had most of the uplift in the Miocene or later, whereas the Northern Andes is
younger, with its major elevations during the Plio-Pleistocene.

The absence of topographic barriers during Late Cretaceous–Cenozoic times,
allowed the Atlantic waters to flood wide areas of the extra-Andean regions
(Figs. 2.2 and 2.3). These transgressions occur during the Maastrichtian–Danian,

C. P. Tambussi and F. J. Degrange, South American and Antarctic Continental Cenozoic Birds,
SpringerBriefs in Earth System Sciences, DOI: 10.1007/978-94-007-5467-6_2,
� The Author(s) 2013
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Late Middle Eocene, Late Oligocene–Early Miocene, and the Middle Miocene
(Malumian and Náñez 2011).

The first transgressive event (Salamancan sea) affected the entire southwest
Atlantic basin (Guerstein et al. 2010) that divided southern South America (SSA)
into two regions (Fig. 2.2a): the northeastern and the southeastern, respectively
(Ortiz Jaureguizar and Cladera 2006). A bridge that linked West Antarctica with
SSA still persists revealed by the relationships (sedimentological and faunal)
among some Antarctic units (La Meseta, Fossil Hill, and Cross Valley of the James
Ross Basin) and the Patagonian units (e.g. Sarmiento, Río Turbio, Cullen, Las

Fig. 2.2 Tentative paleogeography of the marine transgressions in Patagonia between circa 72
and 28 million years ago. a Maastrichtian transgression b Late Middle Eocene transgression
c Late Oligocene transgression. Modified from Malumián and Náñez (2011)

Fig. 2.1 Standard Cenozoic Epochs and some climatic and environmental indicators. Temper-
ature after Zachos et al. (2001), Sea level after Haq et al. (1987), Tectonic events after Pascual
et al. (2002) and Zachos et al. (2001), Main avian dispersion after Mayr (2009). AD Andean
diastrophism; Af África; As Asia; Eu Europe; NA North America; SA South America
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Flores Formations) (Reguero et al. 2002). During this marine ingression, magmatic
and tectonic activity was very low and the epicontinental sea remained in most part
of Patagonia until the Danian (Malumian and Náñez 2011).

The areas that were covered by the Salamancan Sea were transformed into flood
plains and large lake basins. During the Late Paleocene in Central and Northern
Patagonia, large loess plains of pyroclastic sediment developed, while the south-
ernmost tip of Patagonia was covered by water. The Early Paleocene floras were
tropical and subtropical forest with mangroves, swampy forest, montagne rain
forest, and savanna-sclerophyllous forest, and Nothophagus was present but rare
(Ortiz Jaureguizar and Cladera 2006; Iglesias et al. 2011). It seems clear that there
lived a mix of subtropical with sub-Antarctic elements (Mixed paleoflora, Romero
1986). Toward the end of the Paleocene, there are no records of mangroves.

Deposits of Las Flores (Late Paleocene–Early Eocene) or Salamanca Forma-
tions (Early Paleocene) in Patagonia for example, were deposited in these envi-
ronmental contexts. Almost coeval were deposited farther north, the Itaboraian
sediments (Late Paleocene).

The Late Middle Eocene transgression is widely documented in the southern
hemisphere but is only recorded in the Austral Basin and offshore of the Colorado
Basin in Patagonia. During this time, eustatic sea level was high and seawaters
were warm (Zachos et al. 2001), and the occurrence of typical Antarctic

Fig. 2.3 Paleogeographic reconstruction of the major southern landmasses studied in this work,
showing the Drake Passage and Atlantic Ocean evolution. a 65 Ma, Late Cretaceous–Early
Paleocene b 51 Ma, Early Eocene Thermal Maximum c 34 Ma, Eocene–Oligocene Transition
d 25 Ma, Late Oligocene e 7 Ma, Late Miocene f 1.8 Ma, Early Pleistocene. Gray areas indicate
landmasses, black arrows represents oceanic circulation. Based on Plate Tectonic Reconstructions
Online Paleogeographic Mapper (http://www.serg.unicam.it/) and Nullo and Combina (2011)
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foraminifera reveals that temperatures started to fall (Malumián and Náñez 2011).
During the Late Eocene, the ‘‘Inca Phase’’ of the Andean orogeny produced a
pronounced tectonic deformation both in the Andean basin of Perú and Bolivia,
and in southern Chile and Argentina (Tambussi 1989, Ortiz Jaureguizar and
Cladera 2006).

To mention one example, the sediments of Laguna del Hunco (Late Paleocene–
Middle Eocene) in the northwestern Chubut Province in Argentina were deposited
in these environmental contexts, with evidence of high maritime influence on the
climate (Wilf et al. 2005).

In Antarctica, during the Early Eocene (50–40 Ma) the separation with Pata-
gonia begins, and the generation of the pre-opening of the Drake Passage that
eventually result in physical disconnection between both areas (Scher and Martin
2006). The Drake Passage opened definitively approximately between 32 and
10 Ma (Oligocene–Late Miocene), the Antarctic Circumpolar Current (ACC)
began to operate, and concomitantly the Atlantic Ocean temperatures decreased
(Figs. 2.1 and 2.3). It has long been recognized that the ACC acts as a barrier, and
interrupts the watermass exchange between north to south in the southern oceans
(Barnes et al. 2006).

The Late Oligocene and Early Miocene transgressions in Patagonia (Figs. 2.2c
and 2.4) produced shallow epicontinental oceans (‘‘Patagonian Sea’’) with limited
extensions, and reveal the existence of cool water current. An updated and detailed
description of these transgressions can be found in Bellosi (2010). The Middle
Miocene transgression (‘‘Paranean sea’’) spread to the north of Argentina, covering
most of the Chaco-Paraná Basin depression and eastern Patagonia (Hernández
et al. 2005) (Fig. 2.4). At Entre Ríos Province (eastern Argentina), the ingressions
are represented by the Paraná Formation interpreted as brackish littoral deposits
with variable salinity (Aceñolaza and Aceñolaza 2000). At Peninsula Valdes
(Chubut Province, Argentina), deposits corresponding to this transgression con-
stitute the Puerto Madryn Formation (Dozo et al. 2010 and the literature cited
therein) that consist of cross-bedded sandstones with shells and bioturbated
mudstones (Scasso et al. 2001). In the western sectors of SSA, limits of the
Miocene transgressions are problematic. For example, the Anta, Río Sali, and San
José Formations in northwestern Argentina and Chinches Formation at San Juan
Province are unquestionably marine but the relationship between them is much
discussed (Hernandez et al. 2005). No bird remains have been recorded so far from
the western areas. The continental areas were thus reduced during each trans-
gression, and continental and marine environments coexisted.

Basaltic volcanism in Patagonia began during the Maastrichtian, continued
during the Cenozoic, and affected wide areas of Patagonia. The highest volcanic
activity occurs from the Paleocene to the Eocene (Panza and Franchi 2002), fol-
lowed by a Late Oligocene basaltic lava event (29–25 Ma), and a Late Miocene to
Early Pliocene one (16–5 Ma) that affected central to southern Patagonia. The lava
produced from this volcanic activity added to pyroclastic materials were deposited
as part of the continental sequences (Nullo and Combina 2011) that characterized
most of the Patagonian paleontological sites. For example, Chichinales and Collun
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Curá Formations (Northern Patagonia), Sarmiento, Pinturas, and Santa Cruz
Formation (central and southern Patagonia) are continental deposits from the
Miocene to Pliocene with high frequency of volcanic elements.

Across all central–southern Patagonia, various continental sequences from
Eocene to Early Miocene (35–19 Ma) are visible. The characteristic mammal
remains from these sequences (‘‘Toba mammals’’) are important to understand the
evolution of the entire South American continent (Flynn and Swisher 1995;
Pascual et al. 2002). In Patagonia, the ‘‘Musters Formation’’, Early Oligocene in

Fig. 2.4 Tentative paleogeography of the marine Middle–Late Miocene Paranense transgression
between 15 and 13 Ma. Modified from Donato et al. (2003)
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age and the coetaneous Abanico Formation in Chile (containing the Tinguiririca
fauna) had wide continental distribution with grasslands. The Colhue Huapi For-
mation (Chubut, Argentina) is another important sedimentary sequence of the
same age.

Basaltic lava produced during the strong volcanic activity of the Miocene,
covered wide areas of SSA. This episode is associated with the collision of the
Chile ridge with the continent. During the Miocene in the area of Santa Cruz and
Tierra del Fuego (Argentina) the pyroclastic deposits constitute the Santa Cruz
Formation (Nullo and Combina 2002) composed of claystones and tuffs typical of
continental environments.

In the Early Miocene, the Panamanian land bridge connected both Americas as
a result of the diastrophism as we know as ‘‘Diaguita Phase’’ (Ortiz Jaureguizar
and Cladera 2006). In fact, the isthmus consisted as a continuous chain above sea
level from Late Eocene until at least Late Miocene times (Montes et al. 2012).

During the fauna interchange, known as Great American Biotic Interchange
(GABI), the movement of the fauna from the north to the south was dominant
(Woodburne 2010).

During the Late Miocene and associated with the ‘‘Quechua Phase’’ of the
Andean orogeny, the areas covered by the ‘‘Paranean sea’’ were succeeded by plains
reaching Patagonia, central and northern Argentina, Uruguay, Bolivia, southern
Perú, Venezuela and the upper Amazon basin. This marks the beginning of the
episode known as the ‘‘Age of the southern plains’’ (Pascual and Bondesio 1982)
characterized by high frequency of open environments. In the Pliocene this was the
heyday of this event. The Andean cordillera progressively acts as a barrier of the
moisture-laden Pacific winds (Ortiz Jaureguizar and Cladera 2006) and the differ-
entiation between Subantarctic and Patagonian biogeographic subregions began.

From the Early Paleocene to the Pleistocene the SSA environments showed a
climate change from warm, wet, and nonseasonal (Paleocene to Eocene) to cold
and dry (Middle Eocene to Early Oligocene) to seasonal climate (Middle–Late
Miocene) (Ortiz Jaureguizar and Cladera 2006; Barreda and Bellosi 2003; Barreda
and Palazzesi 2007) (Fig. 2.1).

In a sequence that includes subtropical forest, savanna woodland, park-savanna,
and savanna grassland, the Paleocene tropical forests were replaced by the steppes
that now strongly characterize the extra-Andean Patagonia (Barreda and Palazzesi
2007) (Fig. 2.5). Iglesias et al. (2007) estimate the annual mean temperatures
between 12 and 15 �C and palaeoprecipitations of 1,100 mm during the Paleo-
gene. A continuous global warming is observed during the Paleogene with two
pinnacles: the Late Paleocene (LPTM *56 Ma) and the Early Eocene (EECO
*52 Ma) optima (Fig. 2.1). The global average palaeotemperatures were 10 �C
higher than those currently recorded for South America (Zachos et al. 2001) with a
smaller difference in temperature from the equator to the poles. The increase in the
global temperatures ended in the Eocene in relation to the early opening of the
Drake and Tasmania Passages between Antarctica/South America and Antarctica/
Australia respectively, which allow the circum-Antarctic circulation, causing
global temperature decreases that strongly affected SSA (Figs. 2.1 and 2.3).
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A third event of temperature increase takes place toward the end of Oligocene
(Zachos et al. 2001); it is called Late Oligocene warming (LOW, Fig. 2.1).

Since the Oligocene, all biogeographical regions previously recognized
migrated to lower latitudes (Iglesias et al. 2011). For the Miocene, the first
expansion of herbaceous shrub is noticed and began the development of extreme
aridity and seasonality in eastern Patagonia (Fig. 2.5).

Fig. 2.5 Palaeocene to recent timescale following Gradstein et al. (2004) including timescale for
Cenozoic mammalian faunas of South America (SALMA) showing vegetation-type physiogno-
mies under increasingly drier and/or more markedly seasonal climates. Paleoenvironments were
taken from Barreda and Palazzesi (2007)
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For a long time, from the Cretaceous to the Neogene, West Antarctica and SA
(Magallanic Region) remained attached forming an independent continent isolated
by oceans to the north and east (Nullo and Combina 2011). This isolation in turn,
gave a particular footprint to the fauna and flora (Olivero et al. 1990, Marenssi
et al. 1994, Shen 1995, Reguero et al. 1998, 2002). From the EECO to the Eocene–
Oligocene transition (*34 Ma) temperature was a descent into an icehouse
climate. During this decrease ice began to reappear at the poles, and Antarctic ice
sheet began to rapidly expand (Fig. 2.1).
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Chapter 3
Geological Settings of the Major Fossil
Localities in South America and
Antarctica

Aves remains have been recovered from several continental Cenozoic localities in
SSA, mainly in the Pampas and Patagonia in Argentina, Uruguay, and Brazil. We
have selected 13 localities because they have the most complete fossil bird
associations (Fig. 3.1). We use here the term ‘‘association’’ when specimens and
taxa belong to the same sedimentary formation although not necessarily from the
same locality (but nearby; e.g., Killik Aike Norte, Estancia La Costa, and Puesto
Estancia La Costa localities are all considered Santacrucian in age).

The São José de Itaboraí Basin or Itaboraí Basin is a rich fossiliferous locality
of Southeastern Brazil about 60 km from the city of Rio de Janeiro. The sediments
are represented by limestone rocks that were vertically incised by fissures where
the fossils were found (Bergqvist et al. 2011). The taphocoenosis contains mam-
mals, reptiles, birds, amphibians, plants, gastropods, palynomorphs, and ostracods
(Bergqvist et al. 2008, 2011). Based on the rich fossil mammal assemblage, it was
proposed Itaboraian South American Mammal Age (SALMA) by Marshall (1985)
belonging to the late Paleocene (approximately 60 Ma Pascual and Ortiz
Jaureguizar (2007), but see Gelfo et al. 2009 provisionally regard its age as early
Eocene, 2 or 4 million years younger than hitherto supposed). Four species of
extinguished birds were described from Itaboraí: two big-sized terrestrial birds,
Diogenornis fragilis and Paleopsilopterus itaboraiensis (see Alvarenga 1983,
1985a) and two small landbirds Eutreptodactylus itaboraiensis and Itaboravis
elaphrocnemoides (Baird and Vickers- Rich 1997; Mayr et al. 2011). Nowadays,
the Itaboraí Basin is completely covered with water impeding any collecting
activity (Kellner and Campos 1999).

During the end of the nineteenth century, Ameghino (1865–1936) between
1887 and 1902 collected fossil avian remains of the ‘‘Deseadan’’ (Oligocene) in
different localities of southern Patagonia, but the situation of these localities was
imprecise, maybe because of the absence of accurate cartography of the area
(Carlini et al. 2010). ‘‘Deseadan’’ sediment surface in large areas of the lower

C. P. Tambussi and F. J. Degrange, South American and Antarctic Continental Cenozoic Birds,
SpringerBriefs in Earth System Sciences, DOI: 10.1007/978-94-007-5467-6_3,
� The Author(s) 2013
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course of Rio Deseado at Santa Cruz Province (Argentina), and the Deseado
Formation defined by Loomis (1914) corresponds to what is currently defined as
Sarmiento Formation. Most of the birds of Oligocene age that are known were
described by (Ameghino 1895, 1899). In all cases, specimens are very fragmentary
with difficult and controversial assignment. As far as we know, there has been no
new records of this age the 1840s (e.g., Andrewsornis abbotti).

Fig. 3.1 Important South American and Antarctic avian fossil localities studied in this work
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The Tremembé Formation in the Taubaté basin in eastern São Paulo State,
Brazil, dated as Late Oligocene to Early Miocene based on its fossil content, is a
lacustrine sedimentary unit, essentially composed of dark shales (Kellner and
Campos 1999). Tremembé Formation is divided into two section formations,
Tremembé and Caçapava, the former being highly fossiliferous. Actinopterygian
fishes, amphibians, turtles, snakes, caimans, mammals, and at least nine species of
birds recognized until now (Alvarenga 1982, 1985b, 1988, 1990, 1993, 1995) were
recovered from the Tremembé Formation.

According to the biostratigraphic data provided in the literature, the Santa Cruz
Formation is of late Early Miocene (Vizcaíno et al. 2010 and the literature cited
therein). This formation was originally recognized for its exposures at the southern
end of the Atlantic coast (Tauber 1997a, b) with a radiometric dating yield of
16.53 Ma (Fleagle et al. 1995). The sediments of the Santa Cruz Formation were
deposited in estuarine, fluvial, and eolian environments during the final regression
of the Superpatagonian Sea (Bellosi 2010).

In western central Patagonia, in the Río Pinturas valley, terrestrial sediments of
late Early to Middle Miocene age constitutes the Pinturas Formation. This
Formation corresponds to a continental sequence with mainly tuffaceous sediments.
It is divided into three sequences by two erosive intraformational discordances.
Lower and middle sequences have Colhuehuapan and Santacrucian faunas together
with some exclusive species. However, the upper sequence presents only typical
santacrucian species. Some authors have correlated these deposits with those from
the Santa Cruz Formation and it has even been included in the same (Pascual and
Odreman Rivas 1971; Marshall 1976a, b); meanwhile, other authors state that it is
only possible to correlate in part these deposits with those of the Santa Cruz
Formation (Kramarz and Bellosi 2005). Nevertheless, Ré et al. (2010) have dem-
onstrated through radiometric datation that Pinturas Formation is slightly older than
the Santa Cruz Formation (Ameghino 1906; Frenguelli 1931; Barrio et al. 1984;
Fleagle et al. 1995). There are several paleoambiental contradictions in regard to the
lower and middle sequences of this formation. Meanwhile, palynological and faunal
data point out the presence of humid forests (Chiappe 1991); sedimentological,
paleopedological, and ichnological data seem to indicate subhumid to semiarid
conditions. These conditions are also inferred for the upper sequence.

A considerable important bird association (Cenizo et al. 2011) is known from
several fossiliferous localities of central and northern La Pampa province (central
Argentina), in sediments assigned to the Late Miocene Cerro Azul Formation
(Salinas Grandes de Hidalgo, Laguna Guatraché, Quehué, Bajo Giuliani, El
Guanaco, Caleufú, and Buenos Aires) (Folguera and Zárate 2009). The analysis of
the sediments indicates the existence of lacustrine deposits at the base, which
overlies eolic levels (Linares et al. 1980; Goin et al. 2000). The Cerro Azul
Formation is characterized by its lithological homogeneity, mostly formed by silts,
sandy silts, and very fine silty sands, pinkish to reddish brown, and evidence of
pedogenesis (Folguera and Zárate 2009). Geochronology of this unit falls between
10 Ma and 5.8 to 5.7 million years (Visconti et al. 2010).
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The Ituzaingó Formation outcrops along the Paraná River in eastern Argentina
and bears a vertebrate assemblage with strong affinities with the Acre fauna
(Brazil) and the correlative Kiyu Formation (Uruguay) (Cione et al. 2000;
Latrubesse et al. 2007; Perea et al. 1994). The sandy–clayey and conglomeratic
sediments of the Tertiary Ituzaingó Formation have been apparently deposited in
meandering river and marshes. The underlying marine and/or estuarine Paraná
Formation is regarded as Tortonian in age (Late Miocene) according to Aceñolaza
and Aceñolaza (2000). The exact age of the Ituzaingó Formation has been largely
discussed. As proposed by Cione et al. (2000), it is assumed that the fauna of the
‘‘Conglomerado osífero’’ (the lower level of the Formation) is assigned to the Late
Miocene, pending a comprehensive study of correlation with other fossiliferous
units of the Neogene of South America (Candela and Noriega 2004). Above this
formation, Pleistocene continental sediments of Ensenadan and Lujanian age were
deposited (Iriondo 1980; Cione and Tonni 1995, 1996; Herbst 2000).

The Santa María Group (Middle Miocene–Late Pliocene) outcrops in the
northwest of Argentina and it has been divided into six formations, from base to top:
San José, Las Arcas, Chiquimil, Andalhualá, Corral Quemado, and Yasyamayo
(Bossi and Palma 1982). Except for the last two, all these formations are fossil
bearers (invertebrates, vertebrates, and plants). The lower portion of the Santa
María Group would have direct connection with the ingression of the ‘‘Paranense’’
sea. It is probable that the fluvial plains had received successive contributions of
marine water that flooded these plains, generating huge brackish water bodies.
Nevertheless, no exclusive marine fossils have been recorded, although some
microfossils may indicate hypersalinity in some sectors, which is explained by the
sporadic contributions of marine water (Herbst et al. 2000). Andalhualá Formation
(Late Miocene–Early Pliocene) is basically constituted by upward-coarsening
sandstones, with abundant conglomerates and a few pelitic levels, and diverse
tuffaceous layers (Anzótegui et al. 2007; Bossi and Muruaga 2009). It comprises the
lower and middle Araucanian of Frenguelli (1930) and the Araucanian horizon of
Riggs and Patterson (1939), the Araucanense Formation of Butler et al. (1984) and
part of the El Cajón Formation (Turner 1962). The paleoenvironment could have
consisted in meandering rivers of lower sinuosity (Bossi and Palma 1982; Bossi
et al. 1998) that produced sedimentary deposition. It is the thickest formation and
the one that possesses the highest diversity in the Group (Marshall and Patterson
1981). It has contributed a huge amount of fossil plants (Anzótegui et al. 2007) but it
is richest in fossil vertebrates, such as birds, reptiles, and especially mammals
(Marshall and Patterson 1981; Nasif 1998; Bossi et al. 1999; Herbst et al. 2000;
Herrera and Ortiz 2005; Agnolín 2006, 2009). This vertebrate fauna has been
interpreted as belonging to the Huayquerian SALMA (9–6.68 Ma) (Pascual and
Odreman Rivas 1971). Nevertheless, the temporary limits for the Andalhualá
Formation are 7 and 3.54 Ma, according to Herrera and Ortiz (2005). This fact leads
to think that the Santa María Valley (where Andalhualá Formation outcrops), would
have a relictual Huayquerian fauna during the development of the Montehermosan
age (such as the fauna of Corral Quemado Formation). This older fauna could
have persisted due to the isolation produced by the existence of geographic or
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climatic barriers (Herrera and Ortiz 2005). Beds overlying the Andalhualá
Formation possibly are Chapadmalalan and Montehermosan in age (see Cione and
Tonni 1996).

The coastal deposits exposed between Mar del Plata and Miramar together with
the classical Monte Hermoso locality represent the most complete Cenozoic
stratigraphic sequence across the Pampean Region in Argentina. Concerning the
Pliocene, a well-known bird association (Tambussi 2011) was found in litho-
stratigraphic units included in the Chapadmalal Formation, Chapadmalalan stage
(Late Pliocene, ca 4.0–3.0 Ma, early Late Pliocene sensu Candela and Rasia 2012)
exposed in the southern coast of the Buenos Aires Province. As other continental
late Cenozoic deposits in central Argentina, Chapadmalal Formation is charac-
terized by a relatively homogeneous sedimentary sequence composed of fine
volcanoclastic sediments and massive brownish silts (Deschamps et al. 2011).
These sequences are characterized by its colorimetry and its sedimentological
homogeneity makes it difficult to recognize the boundaries between the different
formations. Kraglievich (1952) defined seven formational units, Chapadmalal,
Barranca de Los Lobos, Vorohué, Miramar, Arroyo Seco, Santa Isabel, and
Lobería Formations. In a first and excellent summary of these units, Zárate (1989)
recognized two lithostratigraphic units, Pampean and above, the eolian Lobería
Formation. Also he identified five alloformations (ALF): Playa San Carlos, San
Andrés, Punta Martinez de Hoz, Punta San Andrés, and Arroyo Lobería. The first
two correspond to the Chapadmalal Formation, the third to Barranca de Los Lobos,
the fourth to Vorohué, San Andrés, Miramar, and Arroyo Seco, and Arroyo
Lobería ALF to the Arroyo Lobería Formation (Zanchetta 1995). The Monte
Hermoso Formation (Farola Monte Hermoso at Buenos Aires Province, Early
Pliocene) is very important because it is the type locality of biostratigraphic units
of the Pliocene South American mammal deposits. Recently, Deschamps et al.
(2011) noted the dissimilarity between upper levels of the Monte Hermoso
Formation (Unit II, Lower Chapadmalalan) and those of the Chapadmalal
Formation (Upper Chapadmalalan).

To conclude this section, we need to mention two marine deposits that host
important continental bird remains: La Meseta ( Seymour Island, Antartica pen-
insula) and Puerto Madryn (Patagonia) Formations.

The Puerto Madryn Formation at Península Valdés (northeastern Patagonia) is a
Late Miocene clastic sedimentary sequence well-known for its abundant content of
marine invertebrates and well-preserved vertebrate remains including teleost fishes,
penguins, and marine mammals. A new vertebrate faunal assemblage was recently
discovered from two new localities in the southwestern coast of Península Valdés
(Rincón Chico and La Pastosa paleontological sites) that belong to the uppermost
portion of the Puerto Madryn Formation (Dozo et al. 2010 and references cited
therein). According to Scasso and del Río (1987), this portion was accumulated in a
shallow shelf environment. Stratigraphically, both deposits correspond to the
‘‘Rionegrense’’ (uppermost levels of the Puerto Madryn Formation or Río Negro
Formation, according to different authors). Sediments of La Pastosa site consists of
interstratified sandstones and shales forming hetherolithic facies, with intercalated
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coquinas composed by disarticulated oyster and pectinid valves in a sandy matrix,
and conglomerates. Vertebrate remains come from the later that consists in
oligomictic, intraformational conglomerate with matrix-supported texture and mud
intraclasts (Dozo et al. 2010). Sandstones with shale intercalations or shale lenses
dominate the profile of Rincón Chico site which also includes some conglomerate
lenses and coquina levels similar to those in La Pastosa.

The La Meseta Formation, in James Ross Basin on the East side of the Ant-
arctic Peninsula, is a rich fossiliferous marine deposit composed of sandstones,
mudstones, and conglomerates deposited during the Eocene in deltaic, estuarine,
and shallow marine settings (Marenssi et al. 1998a, b; Tambussi et al. 2006). Six
units are distinguished from the base to the top (Marenssi et al. 1998b): Valle de
Las Focas, Acantilados, Campamento, Cucullaea I, Cucullaea II, and Submeseta
Allomembers. They are grouped into three facies and altogether represent a major
transgressive cycle. Dingle and Lavelle (1998) reported a 87Sr/86Sr derived age of
34.2 Ma (late Late Eocene) for the topmost part of La Meseta Formation, whereas
Dutton et al. (2002) reported ages of 36.13, 34.96, and 34.69 Ma (late Late
Eocene) for different levels within Submeseta Allomember. These strata document
the highest morphological and taxonomical diversity of penguins in the world that
lived sympatrically (Tambussi et al. 2006). High concentration of penguin bones is
especially located between two shell banks (Myrcha et al. 1990): a lower one
bearing the gastropod Turritella and a higher one bearing bivalve Modiolus and the
brachiopod Lingula. This zone, having five penguin species exclusively recorded
in this interval, was determined as Anthropornis nordenskjoeldi Biozone by
Tambussi et al. (2006). It is easily distinguishable by the common occurrence of
penguin bones and the phosphatic brachiopod Lingula.
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Chapter 4
The Nature of the Fossil Record of Birds

No science is based on complete information, and paleornithology is not the
exception. There are several reasons for these gaps in the knowledge. The avian
fossil record is certainly incomplete; bird remains constitute a biased data set, the
discovery of fossils is not haphazard, and those found reveal only limited infor-
mation, usually about skeletal morphology only. But they are unique reliable
sources of information that document features and changes in past life.

For centuries, biologists have stated that avian bones are hollow and delicate;
even school texts note that the skeleton of birds is delicate and light to compensate
the high energy cost of flying. This notion of lightness of the bird skeleton had
already been pointed out by Galileo (Galileo 1863 in Dumont 2010) and ever since
that time, the idea that this lightness is correlated with fragility and consequently
with low skeletal resistance was established. In the field of paleontology, it is a
well-known fact that fossil bird remains are substantially less frequent than those
of other vertebrate groups, and the most common plausible explanation for this
fact has been the fragility of bird bones. This notion is currently tottering.

The structure of bird bones consists of a strong and thin external cortex sup-
ported by internal struts and pneumatic bone (Fig. 4.1), contrasting with the typ-
ical mammalian structure that consists of a thick cortical layer supported by
spongy bone. Despite these differences, the bone tissue that makes up the bones of
birds is dense, even more than that of mammals, and this high density of the
cortical bone is correlated with fewer pores per surface unit compared with other
types of bony tissues of higher mineral concentration (Bonser 1995). The novel
information provided very recently by Elizabeth Dumont (2010) from her study of
the density of the skull, humerus or upper arm bone, and femur or thigh bone,
radically alters the idea we used to have about the qualities of the bird skeleton and
compels its redefinition. Despite their delicate appearance, bird skeletons are not
lightweight relative to total body or soft tissue mass. In fact, the weight of the
skeleton of a 50 g songbird (Passeriformes) is similar to that of a rodent of equal
weight. In fact, the average/mean bone density calculated from the skull, femur

C. P. Tambussi and F. J. Degrange, South American and Antarctic Continental Cenozoic Birds,
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and humerus, and weight to assess the relative contribution of each of these
elements to the total weight of the skeleton, is surprisingly higher in birds than in
mammals. Thus, the bird skeleton appears to be delicate and fragile but relatively
stronger and more rigid due to its bone density (mass per volume unit). This is not
exactly true in the case of the femur (the bone most closely associated to support
the body mass), whose density in birds is somewhat lower than in bats and small
rodents (Dumont 2010). In any case, bird bones are hollow but dense, and as this
density increases, so does their resistance and rigidity. This new perspective
contrasts with the one that explains the low frequency of birds in the fossil record
compared to other vertebrates, as a result of the supposed fragility of their skel-
eton, and suggests that this phenomenon probably involves other factors.

Fig. 4.1 Structure of bird bones: a 3d model of the skull of Cariama cristata in lateral view,
vertical dotted lines 1–5 indicate transverse slices shown in (b)
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The probability that a carcass is totally or partially preserved as a fossil in deep
time is closely related to the processes that take place immediately after death, the
manner of the latter, and the climate conditions at the time of decease (Gardner
and Walker 2009). Bioerosion is one of the most powerful postmortem destructive
processes (Davis 1997) in terms of the speed and depth of its action (Trueman and
Martill 2002) and it is infrequently observed in fossilized bones.

Contemporary taphonomists are deeply concerned with the study of the decay,
disarticulation, damage, and transport of skeletons, and their work is essential to
explain adequately the processes intervening in the composition of the fossil
record (Bickart 1984; Cione et al. 2011; Cruz 2003, 2005, 2006, 2007, 2008).
A priori, it would seem that the processes of skeleton disarticulation and disag-
gregation are very fast (Cruz 2003) and strongly favor the generation of the most
characteristic items of the fossil record of Cenozoic birds: isolated bones.

One highly interesting aspect is the fact that animals with robust or pachyostotic
bones present a more complete fossil record because of their higher preservation
potential. At the same time, these bones are more susceptible to suffer spatial
mixture due to transport processes and time-averaging, because they can remain
unburied for long periods. This idea agrees with Kowalewski’s (1997) reciprocal
taphonomic model. It can be exemplified with penguins (Sphenisciformes), whose
fossil record in Patagonia or Antarctica is doubtlessly the most complete among
birds (Acosta Hospitaleche et al. 2008; Acosta Hospitaleche and Reguero 2010;
Jadwiszczak 2010; Myrcha et al. 2002; Tambussi et al. 2006; Tonni 1980).
Additionally, penguins are gregarious and bigger populations are sure to produce
more fossils.

As we pointed out, the South American Cenozoic bird fossil record consists
largely of isolated bones, although some nearly complete skeletons have been
recovered from certain localities (Tambussi 2011). The remains of ‘non-penguins’,
although less likely to be preserved, provide a record with better spatial–temporal
resolution (see Section—Major Fossil Localities and Deposits). In the Paleogene
the record of continental birds is scarce and fragmentary. A growing number of
taxa are recorded since the Miocene, in fact most of the bird orders that we
recognize today had appeared during that period (Tambussi et al. 1993; Tambussi
2011). In all cases, the specimens are macroscopic possibly resulted of the style of
sampling mode in the field, reflecting only partially the bird diversity.
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Chapter 5
The Paleogene Birds of South America

For modern lineages of birds, few fossils have been found that predate the
Cretaceous–Palaeogene (K–Pg) boundary, 65 million years ago. However,
molecular studies using fossil calibrations have shown that many of these lineages
existed at that time (Smith et al. 2011 and literature cited therein). Based on this
evidences, two entrenched ideas circulate on the evolution of modern birds. One
supports that after the Cretaceous–Tertiary transition witnessed a major ordinal
diversification within extant birds; the other sustain that the diversification occur
deep within the Mesozoic (Fig. 1.2). Countless publications show alternatively one
idea or the other (Brown et al. 2008; Clarke et al. 2005; Fountaine et al. 2005;
Ericson et al. 2006; Van Tuinen et al. 2006), and many attempts to reconcile them
have failed.
In any case, the fossil record of South American Paleogene birds does not help
much in this controversy. Fossils of alleged neornithine birds are sparse and
fragmentary, inconclusive, and their phylogenetic assignment is usually contro-
versial (Tambussi 2011).

5.1 Paleocene

The earliest record of Neornithes for South America comes from Palacio de los
Loros locality (Chubut, Argentina) in sediments of the Salamanca Formation for
the Danian-Selandiano limit (*61.7 Ma) (Degrange et al. 2006). Specimens
consist of two downy feathers preserved on their part and counterpart (Fig. 5.1 a–d)
found in association with a large amount of plant material, mainly angiosperms
(Iglesias et al. 2007, 2011). These feathers have symmetrical blade and raquis
relatively short but because the base is absent more precise identification is not
possible (Dove com. pers). Assuming that all Cenozoic birds are Neornithes we
presuppose that the feathers belong to this clade.

C. P. Tambussi and F. J. Degrange, South American and Antarctic Continental Cenozoic Birds,
SpringerBriefs in Earth System Sciences, DOI: 10.1007/978-94-007-5467-6_5,
� The Author(s) 2013
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Fossil feathers are also known from Late Paleocene of Maíz Gordo Formation
(Santa Barbara Subgroup) in the La Mendieta locality, Jujuy, Argentina
(Petrulevicius and Tambuscci 1995). The feather is fragmented, the calamus is absent,
the raquis is 25 long with oblique barbs of 18 mm long, barbules, and hooks are
preserved. Again, we presuppose that the feathers belong to Neornithes (Fig. 5.1e).

Putative Rheiformes were reported from the middle Paleocene of Las Flores
locality, middle section of Río Chico Formation, Chubut, Argentina (Tambussi
1989). Features of the preserved pedal phalanges indicate that the specimen
belongs to the living morphotype (Tambussi 1995), different from that of the
Itaboraian rheids (see below).

Fossil birds from the Late Paleocene fissure filling in São José de Itaboraí in
Brazil are few but very significant. In fact, Itaboraian birds are the oldest South
American fossil Neornithes association represented by skeletal remains. This fauna
is characterized by taxa with no or little flight capabilities such as Rheiformes and
Cariamiformes and other birds of uncertain affinities among which are the only
small terrestrial birds found across South America during this period (Mayr et al.
2011a).

Diogenornis fragilis represents one of the earliest records of Rheiformes of
South America (Tambussi 1995). Several remains of this species have been col-
lected (Alvarenga 1983, Carvalho deTaranto et al. 2011), among which there are
fragments of the forelimb, several vertebrae, tarsometatarsus, and tibiotarsus.
From the size of their bones it can be assumed that Diogenornis was of small size
(*80–90 cm), truly terrestrial with apparent inability to fly, with a beak different
from living rheas but similar to the Galliformes (Alvarenga 1993). The proportions

Fig. 5.1 Paleocene feathers from: a–d Salamanca Formation for the Danian-Selandiano limit
(*61.7 Ma) in Palacio Los Loros locality and (e) Late Paleocene of Maíz Gordo Formation
(Santa Barbara Subgroup) in the La Mendieta locality, both at Argentina. a Downy feathers
preserved on their part and counterpart MPEF-FL-1A, b Pennaceous distal portion viewed at
SEM (Scanning Electron Microscope), c Detail of the barbules, d MPEF-FL-1B, e Feather with
oblique barbs of 18 mm long, barbules and hooks preserved
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of the bones and particularly of the humerus—less reduced than in other
Rheiformes—indicate that Diogenornis belongs to a different morphotype that
other Rheiforms (Tambussi 1995). Although it was originally positioned in the
family Opisthodactylidae, Mayr (2009) assigns it to Rheidae and highlights the
similarity between the tarsometatarsus of Diogenornis with the European Palae-
ognathae Palaeotididae and Remiornithidae. More recently, Alvarenga (2010)
highlighted the possible relation of Diogenornis with the Casuariidae. In the same
manner as all other taxa from the same locality, Diogenornis is exclusive of
Itaboraí Basin.

Itaboarian Cariamiformes are Itaboravis elaphrocnemoides and Paleopsil-
opterus itaboraiensis named by Mayr et al. (2011) and Alvarenga (1985a)
respectively.

Traditionally, a number of terrestrial and wading bird families that did not seem
to belong to any other order were classified together as Gruiformes. Such are the
cases of Gruidae, Rallidae, Heliornithidae, Psophiidae, and Cariamidae among
many other families. Now is accepted that living Cariamidae (seriemas) should be
placed in its own Order, Cariamiformes. There are two living species of
Cariamidae, both distributed in South America. They are found on fairly dry open
country, grasslands or scrubs. Ecologically they are the South American coun-
terpart of the raptorial bird of Africa, the Secretary Bird.

Seriemas are charismatic and are thought to be the closest living relatives of the
Phorusrhacids (which are known from fossils from Africa, South and North
America). The Paleogene Idiornithids and Bathornithids from Europe and North
America respectively are possibly related too. All these birds are Cariamiformes
according with Degrange (2012) and in this sense, the records of Itaboraí are
within the oldest representative of this order.

Based on a coracoid and two humeri, Mayr et al. (2011b) nominated the taxon
Itaboravis elaphrocnemoides which presents morphological similarities with the
European taxon Elaphrocnemus, although the humerus also share some features
with the South American tinamous (Tinamidae), such as the weakly developed
crista deltopectoralis. This last feature would indicate a limited ability to fly. There
is some additional material (carpometacarpus and tibiotarsus) possibly belonging
to the same species, so it seems valid to assume that Itaboravis was very much
abundant in Itaboraí (Mayr et al. 2011a).

Paleopsilopterus itaboraiensis was nominated on the base of a very fragmen-
tary right tarsometatarsus and two tibiotarsi severely deformed. Alvarenga (1985a)
supports the inclusion within Phorusrhacidae Psilopterinae based on the pons
supratendineus of the tibiotarsus is transversely oriented. We disagree because the
pons is oblique in all known phorusrhacids. Also, the eminentia intercotylaris
wide, rounded, and poorly extended proximally of Paleopsilopterus is conspicu-
ously different of all known Psilopterinae, a condition that had already been noted
by Alvarenga and Höfling (2003). Agnolín (2009) supports the exclusion of
Paleopsilopterus from the Phorusrhacidae and its inclusion, with no quite
convincing arguments, in the European family Idiornithidae, which are also
considered as extinct relatives to the Seriemas. Due to the fragmentary state of the
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material and another set of characters that Paleopsilopterus shared with other
Cariamiformes, here we prefer to consider it as belonging to an uncertain family of
Cariamiformes (Cariamiformes incerti familiae).

In the 1990s, Eutreptodactylus itaboraiensis was published based on a frag-
mentary tarsometatarsus and considered as the oldest and most primitive Cuculi-
dae (Baird and Vickers-Rich 1997). Features of the trochlea metatarsi II and IV of
the tarsometatarsus seemed to indicate that it was a small zygodactyl cuckoo.
Nevertheless, Mayr et al. (2011) believe that this hypothesis is weak. Nowadays
the holotype is lost and obviously, the revision in hand is not possible. Additional
material (a distal left tibiotarsus) was tentatively assigned to this taxon by Mayr
et al. (2011).

Indeterminated birds from Itaboraí are represented by a carpometacarpous and
fragmentary tibiotarsi (Mayr et al. 2011a).

5.2 Eocene Birds

Records of continental birds from the Eocene of South America are actually very
rare. Some few remains mentioned below are from localities in Chile and
Argentina.

Presbyornithidae was an extinct family of waterbirds with an apparently global
distribution that lived until the Oligocene (see Kurochkin et al. 2002 who sum-
marized the worldwide fossil record). Its place within Anseriformes is not now
under discussion. The frequency of these birds in aquatic and semi-aquatic envi-
ronments by the earliest Paleogene is absolutely sustained. Because presbyornithids
are also well documented from the late Cretaceous, they provide a clue to selective
avian survivorship across the Cretaceous-Paleogene boundary (Kurochkin and
Dyke 2010).

Howard (1955) was the first to recognize the presence of presbyornithids in
South America. Based on a skeleton unearthed from the Sarmiento Formation in
the Eocene Cañadón Hondo locality (near to Paso Niemann, Chubut, Argentina),
she nominates the species Telmabates antiquus. Later, Cracraft (1970) describes a
new species, T. howardae based on a distal end of a tibiotarsus from the same
locality and age. A later review (Ericson 2000) excludes this taxon of the family,
mainly by the morphology of the condylus lateralis (rounded in T. howardae but
ovoid in all known Presbyornithids). In his classic synthesis of the avian fossil
record of Argentina, Tonni (1980) refers to these same findings but synonymized
T. howardae with Presbyornis pervetus. Presbyornis is a well-known fossil
presbyornithid that was approximately the size and shape of a goose, but with
longer legs; judging from numerous fossil findings, supposedly nested in colonies
around shallow lakes.

A carpometacarpus of a presbyornithid from Vaca Mahuida Formation (late
Paleocene-middle Eocene) was also described by Tambussi and Noriega (1998).
The formation is exposed at Sierra El Fresco, southeast of Puelen locality
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(La Pampa, Argentina). A shallow, brackish-water environment is inferred from
the deposits. Features like a straight carpometacarpus, with major and minor
metacarpals parallel, presence of large scars for the insertions of lig. ulnocarpo-
metacarpale dorsale, and radiocarpometacarpale dorsale, are diagnostic for Pres-
byornithidae (Ericson 2000).

From Cañadón Vaca, Cracraft (1971) described Onychopteryx simpsoni placed
within the monotypic taxon Onychopterygidae. The material from which the taxon
was nominated is a proximal end of a right tarsometatarsus, badly preserved. It was
discovered in the 1930s by Simpson during the Scarrit paleontological expeditions
conducted by the American Museum of Natural History in Patagonia. Brodkorb
(1978) considered the material too fragmentary to support any affinity with other
birds, an approach taken by further authors.

Phorusrhacids Psilopterinae has been reported from the same place, Cañadón
Vaca (Tonni and Tambussi 1986) which is the oldest record of the family. The
family was also been reported from the late Eocene Gran Hondonada locality
(Chubut, Argentina) by Acosta Hospitaleche and Tambussi (2005) (Fig. 5.2). The
systematic placement of the specimen is now in conflict. While Agnolín (2009)
indicates that it would be a new species of Idiornithidae, Degrange (2012) pointed
out that the poor development of the eminentia intercotylaris it is indicative that
this taxon it is not a Phorusrhacidae. Without any new material the systematic
position cannot be certified.

In a revision of the fossil record of Accipitridae, Agnolín (2006a) assign to this
family some fragmentary ungual phalanxes (MPEF 1050 y MLP 74-II-1-21)
proceeding from the Eocene of Gran Hondonada. However, the presence of lateral
grooves that characterize these remains dismisses this assignation.

To our knowledge, the only other Eocene non-penguin records of bird were
recovered recently from the Algarrobo unit (middle to late Eocene), central Chile.

Fig. 5.2 Cariamiformes from the Eocene Gran Hondonada locality: a Tarsometatarsus MPEF-
PV1722, b Ungual phalanx MPEF-PV1721
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Remains of a tibiotarsus assigned to Ardeidae (Sallaberry et al. 2010) and unas-
sociated proximal and distal fragments of right femur assigned with doubts to
Procellariiformes (Yury-Yáñez et al. in press) invite to continue the search at the
same deposits.

5.3 Oligocene Avian Taxa Proposed by Ameghino:
New and Old Systematic Hypotheses

Toward the end of the nineteenth century, Florentino Ameghino (1854–1911) had
become a distinguished Argentine paleontologist. His publications applied con-
cepts and conclusions with a paleontological approach applied to evolutionary
biology on the fossil evidence that placed him among the few world figures of that
time. Many of these concepts and theories are overturned in his theoretical work
‘‘Filogenia’’ published in 1884. Although his paleontological activity was pri-
marily devoted to mammals, his contributions were also very important in geol-
ogy, stratigraphy, archaeology, and philosophy.

In the field of birds, his activity was not lower. In only ten works published
between 1882 and 1905, he nominated 81 species from a few Oligocene and
Miocene localities of Patagonia and Pleistocene of the Pampas (Table 5.1). Most
of them were collected by his brother Carilos Ameghino (1865–1936) who
between 1887 and 1902, made more than a dozen trips to Patagonia (some more
than 1 year). Interestingly, except for one species (Andrewsornis abbotti), there are
not other Oligocene birds from Argentina than those described by Ameghino more
than 100 years ago.

In 1895, Ameghino compiled in one ‘‘Boletín del Instituto Geográfico Militar
Argentino’’ the results of his work about fossil birds of Patagonia. In this publi-
cation he nominated the most striking species of all he recognized: Phorusrhacos
longissimus Ameghino 1887 from the Miocene of Santa Cruz province. This work,
together with the ‘‘Enumeración de las aves fósiles de la República Argentina’’
(Ameghino 1891a), remains as an obligatory reference for those engaged with
paleornithology of South America.

In all cases, the specimens are macroscopic as a result of the style of collection
in the field of the epoch, reflecting bird diversity only partially. Ameghino
structured his arguments with meticulous descriptions but generally stopped short
on diagnostic characters, perhaps because of their limited experience in identifying
birds and a limited number of skeletons available for comparison (Olson 1985).
Unfortunately, his descriptions are not accompanied by appropriate illustrations. In
this sense, contrasts sharply with the catalog of fossil birds written by Moreno and
Mercerat (1891) which well illustrates specimens which originally belonged to the
collection that Ameghino yielded at the Museo de La Plata in 1886.

Also, many of the Ameghino0s species were based on extremely fragmented and
poorly preserved material (e.g., Ameghino 1895, 1899). Indeed in the context of
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the contemporary paleornithology, many of these materials have not been assigned
beyond the ordinal level or even the class is doubtful. The ICZN is very clear on
the actions to follow when a taxa nominated is under review, and about the caution
in the process of nomination of new taxa (de la Fuente 2005).

Over the past 30 years, many Ameghino0s species have been reassessed. In
many cases, the revisions have been made on the study of the original material but
more frequently, only on the original descriptions or figures. As a result of this,
many of synonymies or new combinations established have been wrong
(Table 5.1).

As a consequence of rearrangement of collections made during the last decade
both in the British Museum (BMNH) and Museo Argentino de Ciencias Naturales
(MACN), some holotypes that were considered lost, have been located. Only two
of the original materials on which Ameghino founded his species have not been
located at the collections (Tiliornis senex and Loxornis clivus). We cannot deny
that many of the birds studied by Ameghino are crucial in the reconstruction of the
evolutionary history of the biota of South America. It is a prerequisite for any
study involving paleoenvironmental and paleobiogeographic inferences to have a
clear idea of the systematic diversity. Still, it is clear to us that a profound repo-
sitioning of the Ameghino0s species could only be valid in the light of the dis-
covery of new materials. Most of the names given by Ameghino are for penguins
(33 of the 81 given names). They were studied in depth by Hospitaleche (2004,
2007, 2009, 2010; Acosta Hospitaleche and Tambussi 2008) and are not the
purpose of this work.

Next, we will explore the Oligocene continental birds that Ameghino named.
Later we will do the same with the Miocene.

We mentioned earlier that most of the Oligocene birds that are known from
South America came from Argentina (the others are from Brazil), and most of
them were described by Ameghino (1895, 1899). It is worthy to mention here that
revising American collections, one of the authors (FJD) found new unpublished
material proceeding from the Cabeza Blanca locality. These materials are under
study by FJD and CPT.

Remains are fragmentary and of dubious or debated assignment (Fig. 5.3).
Agnolín (2004) made an attempt to review these materials, but his arguments of
changes are unconvincing, some of the descriptions are confusing and the figures
provided are deficient.

For example, Riacama caliginea from the ‘‘Deseado Formation’’ (‘‘Formación
Guaranítica’’ sensu Ameghino) at Santa Cruz (Argentina) was considered as a
Phorusrhacidae Psilopterinae by Brodkorb (1967), a Cariamidae by Tonni (1980)
and Agnolín (2004), and an Idiornithidae by Agnolín (2009). However, the species
is based on a fragment of shaft and sternal extremity of a right coracoid (Fig. 5.3a)
that provides limited information and does not allow to infer its exact affinities
(Alvarenga and Höfling 2003).

As Riacama caliginea, Aminornis excavatus was exhumed from the ‘‘Deseado
Formation’’ at Santa Cruz. It was diagnosed from a proximal fragment of a right
coracoid (Fig. 5.3b). Originally (Tonni 1980) assigned the species to the aramids
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(Gruiformes) but later it was relocated within the Anseriformes (Agnolín 2004),
a criterion with which we agree. It is considered prudent to retain Aminornis
excavatus as a valid species of Anseriformes.

Opinions toward the distal end of right tibiotarsus of Loxornis clivus are dis-
similar. Some early authors such as Loomis (1914) suggested that it would have
affinities with Psilopterus while others (Alvarenga 1999; Cenizo and Agnolín
2010) with Anhimidae (the family of Anseriformes that includes the screamers).
Because the holotype could not be relocated in the MACN nor BMNH collections,
we studied the calcotype deposited at the Field Museum of Natural History in
Chicago (FM PA 20, Fig. 5.3c). General morphology of the tibiotarsus, central
position of the supratendinous bridge and the presence of a medial ridge at the
canal extensorius allow to consider Loxornis clivus as a valid species of Anseri-
formes as it was suggested by Ameghino, but insufficient to make a more accurate
systematic position. Additional materials (humerus, coracoid, sternum, femur,
tibiotarsus, fibula, tarsometatarsus, and some phalanges) from the west of Puerto
Visser (Chubut, Argentina) were assigned to this species (Loomis 1914). This
assignment was subsequently rejected (Patterson 1941) and the materials were
assigned to other birds such us Smiliornis and Andrewsornis or even to ungulate
mammals.

Smiliornis penetrans from the ‘‘Deseado Formation’’ of Santa Cruz was found
on a very small proximal portion of left coracoid (Fig. 5.3d). Patterson (1941) and
Tonni (1980) assigned it to a Phorusrhacidae Psilopterinae while Alvarenga
and Höfling (2003) based on the poor diagnostic nature of the material, suggest
that it may be synonymous of Psilopterus affinis. Smiliornis is grouped with the
Idiornithidae by Agnolín (2009). However, characters preserved in the fossil do
not provide clarity on its affinities.

In 1899, Ameghino founded on the basis of a highly eroded tarsometatarsus
fragment (Fig. 5.3e) the species of Falconidae Climacarthrus incompletus also
from the ‘‘Deseado Formation’’ of Santa Cruz. Later, the species was assigned to
Accipitriformes Accipitridae by Brodkorb (1964), criterion followed by Agnolín
(2004). Mayr (2009) suggests that the final place depends on the discovery of more
complete specimens. We believe that the morphology of the preserved fragment do
not allow any kind of assignation. For this reason, we propose that Climacarthrus
incompletus must be considered as nomen dubium.

Teleornis impressus diagnosed on a distal portion of right humerus (Fig. 5.3f)
has undoubtedly features of Anseriformes Anatidae (Mayr 2009). According to
Agnolín (2004) and Cenizo and Agnolín (2010) it would be an Anatidae Tadornini.
As Riacama caliginea the specimen was exhumed from the ‘‘Deseado Formation’’
at Santa Cruz.

Cruschedula revola was originally located in its own and new family, Cru-
schedulidae. Later authors reassigned it to the Accipitridae (Tonni 1980; Agnolín
2006a). It is based on a small fragment of a proximal right scapula (Fig. 5.3g) that
does not allow to inferred reliable phylogenetic affinities (Mayr 2009). Crusche-
dula revola should be considered as a valid species of an uncertain Order (Aves
incerti ordinis).
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Also in the ‘‘Deseado Formation’’ of Santa Cruz, Ameghino recovered an
extremely fragmentary humerus (Fig. 5.3h) that his brother named as Pseudolarus
guaraniticus and assigned to Phorusrhacidae. Recently, Agnolín (2006b) relocates
this taxon within Psilopterinae and proposed the new combination Psilopterus
guaraniticus. However, the specimen is considerably larger than any known
species of Psilopterus, and the material does not permit a reliable assignment
because of its preservation. Also, following the recommendations of the ICZN, we
propose here that Pseudolarus guaraniticus to be considered as a nomen dubium.

Ameghino founded the species Ciconiopsis antarctica based on a fragment of
left carpometacarpus (not right as shown in Agnolín 2004, Fig. 5.3) from the
‘‘Deseado Formation’’ which assigns to Ciconiidae (Ciconiiformes, storks and
allies) (Fig. 5.3j). The species was removed from the Ciconiiformes and located
within Phorusrhacidae Psilopterinae (Agnolín 2004) and, moreover, was consid-
ered synonym of Psilopterus (Mayr 2009). It is difficult to understand why
Agnolín (2004) described the processus alularis 90� disposed as diagnostic of
Psilopterins (‘‘…proceso alular a 90 grados con respecto al eje de la diáfisis del
metacarpal mayor’’, Agnolín 2004), p 243, when until recently is not possible to
describe this feature in any Psilopterinae. Few carpometacarpi of undoubtedly
Psilopterinae are at the museum collections (YPM-PU 15402, BMNH A559-1,
MPM-PV4243) and only in one case the processus alularis is preserved. Degrange
et al. (2011) described the carpometacarpous of MPM-PV4243, a new material
assigned to Psiloterus bachmanni and in this taxon the processus alularis is oblique
disposed (not perpendicular). In the other materials, this feature is not preserved.
Also, the torsion and relative development of the os metacarpale minus and the
dorsoventral extension of spatium intermacarpalis in Ciconiopsis looks more like a
Patagornithinae feature than a Psilopterinae one. In short, characters preserved
allow the assignment to Phorusrhacidae. Only two taxa from the early Oligocene
of Phorusrhacidae are known, Andrewsornis abotti Patterson 1941 (fragment of
skull and mandible, femur and phalanges) and Psilopterus affinis (Ameghino 1899)
(tarsometatarsus with the middle portion of the shaft lacking, Fig. 5.3i). These
species are based on bones not homologous with those assigned to Ciconiopsis
antarctica. The category proposed by the ICZN for cases like this is nomen in-
quirendum (Mones 1989).

b Fig. 5.3 Oligocene fossil birds: a Riacama caliginea, proximal portion of right coracoid (MACN
A52-189), b Aminornis excavatus, distal portion of right coracoid (MACN A10305), c Loxornis
clivus, distal portion of tibiotarsus (FM-PA 20), d Smiliornis penetrans, distal portion of left
coracoid (MACN A52-183), e Climacarthrus incompletus, distal portion of fragmentary
tarometatarsus (MACN A11667), f Teleornis impressus, distal portion o right humerus (MACN
A108-89), g Cruschedula revola, proximal fragment of right scapula (MACN A11039),
h Pseudolarus guaraniticus, proximal fragment of humerus (MACN A52-190), i Psilopterus
affinis, right tarsometatarsus (MACN A52-184), j Ciconiopsis antarctica, fragmentary left
carpometacarpous (MACN A11666), k Physornis fortis, fragmentary mandibule (FM-P13340).
Scale bar = 1 cm
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In his work of 1899, Ameghino also nominated Phororhacos affinis based on a
fragmentary right tarsometatarsus recorded in late Oligocene deposits at Golfo San
Jorge basin, (southern Patagonia, Argentina). Patterson (1941) considered it as
synonymous of Smiliornis penetrans, but in a later review, Alvarenga and Höfling
(2003) propose that this species belongs to Psilopterus’ genus and proposed the
new combination Psilopterus affinis and therefore, this is the smallest species of a
phorusrhacid Psilopterinae.

Physornis fortis from Santa Cruz (Argentina) is another Oligocene species
nominated by Ameghino. It was a giant bird included in the Phorusrhacids
Physornithinae in the sense of Agnolín (2006b, 2009). Besides its size, features
such as high and short mandibular symphysis (Fig. 5.3k), and robust, broad and
relatively short tarsometatarsus, characterized this taxon.

Agnolín (2008) is not wrong when states that Loncornis erectus, based on a
fragment of humerus of a juvenile (and not a femur as indicated by Mayr 2009) is a
mammal.

The coracoid referred to Tiliornis senex could not be located in MACN and
MLP collections; its original systematic position within Phoenicopteridae cannot
be corroborated.

Also from the ‘‘Deseado Formation’’ of Santa Cruz and Late Oligocene in age,
was described Cladornis pachypus. Of all the birds recognized by Ameghino, the
affinities of this species are the most controversial. The holotype, a right tarso-
metatarsus (BMNH A589), was figured by the very first time by Mayr (2009). It is
short, dorsoventrally flat and robust, with a large facet for a digit I placed very
proximal, and trochleas for digits II and IV located in the same horizontal plane.
Tonni (1980) placed Cladornis within the Pelecaniformes and Olson (1985)
inferred that it was zygodactylous. We agree with Mayr (2009) in that although the
material is very distinctive, its adequate phylogenetic affinity requires the dis-
covery of more complete materials.

Additionally to the taxa nominated by Ameghino, the Oligocene Andrewsornis
abbotti was established by Patterson in 1941 to describe the largest and single
Patagornithinae representative of the entire Paleogene. The taxon was described
based on an incomplete skull, jaw, incomplete coracoid, and phalanges of digit II.
Later, they were referred to the same species additional materials (femur and jaw).
Agnolín (2009) states that Patagornithinae does not constitute a natural group and
that Andrewsornis would correspond to a basal form within Phororhacoidea
Phorusrhacidae unrelated with Andalgalornis and Patagornis. Today, the coracoid
and phalanges could not be located in their original repositories.
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5.4 Oligocene Avian Taxa from the Brazilian
Tremembé Formation

The phorusrhacid Paraphysornis, the vulture Brasilogyps, the teratornithid Tau-
batornis, the hoatzin Hoazinavis, the anseriform Chaunoides, two species of the
galliform Ameripodius, and two species of flamingoes constitutes the bird asso-
ciation of the Tremembé Formation (Late Oligocene to Early Miocene) of at
Taubaté Basin, Brazil. It was earlier mentioned that the deposits are of lacustrine
origin, and it could have been a marshy environment goberned by periods of water
shortage at the time of deposition (Olson and Alvarenga 2002; Alvarenga and
Höfling 2003).

Paraphysornis brasiliensis is the best Physornithinae (Phorusrhacidae) repre-
sented and the only one present in Tremembé. The partially complete skeleton
only lacks the skull, pelvis, and sternum. The short, robust tarsometatarsus with
wide trochlear spread of Paraphysornis brasiliensis together with its body mass
estimated on 180 kg (Alvarenga and Höfling 2003) undoubtedly indicates a ter-
restrial habit. The general morphology of the tarsometatarsus does not differ much
with that of the mihirung Dromornis stirtoni (Dromeornithiformes). Murray and
Vickers-Rich (2004) argued that high masses do not impose limits on the cursorial
ability of the Australians mihirung and that even those for which estimated masses
are of 500 kg, were able to run. This idea contrasts with Alvarenga (1982) who
argues that Paraphysornis would only have slow-moving capacity. An important
element for establishing locomotor and postural habits is the pelvis (Degrange
2012), which unfortunately has not been recovered.

Cathartidae is an ancient group of birds in the South American Cenozoic. The
oldest record corresponds to Brasilogyps faustoi from the Oligocene of Brazil
(Tambussi and Noriega 1996; Alvarenga et al. 2008). Brasilogyps had a bigger
size than the new world vulture Coragyps (Feduccia 1999) and was described on
the base of a distal end of a right tibiotarsus and a proximal fragment of a right
tarsometatarsus (Alvarenga 1985b).

A distal end of a right tibiotarsus and a fragment of ulna were referred to a new
genus and species, Taubatornis campbelli which is the smallest and oldest teratorn
(Teratornithidae? Ciconiiformes) til date (Olson and Alvarenga 2002). Teratorns
were giant volant birds, supposedly carnivorous or scavengers, identified from the
Pleistocene of the Americas (North, South and Cuba) and Miocene of South
America. Teratorns and vultures share in Tremembé the scavenger niche as has
also been reported for other sites.

Hoazinavis lacustris is the oldest and smaller Opisthocomiformes (Mayr et al.
2011b) from which are known the humerus, scapula and coracoides, independent
of each other unlike the living hoazin Opisthocomus hoatzin. Living hoatzins are
found in forests of northern South America, especially along rivers and streams.
Fossils of Opisthocomiformes were recovered in the early late Miocene of
Namibia (Africa) which documents that the extant Neotropic distribution of
hoatzins is relictual (Mayr et al. 2011b) and provides one example of transatlantic
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rafting among birds. A more modern member of this order, Hoazinoides magda-
lenae is known from fragmentary remains, including the back portion of the skull
and other leg bones coming from the middle Miocene of Villavieja Formation
from Colombia.

Chaunoides antiquus is the only published Paleogene remain of Anhimidae.
Based on several isolated postcranial elements, it was described by Alvarenga
(1999). This extinct species is still smaller than the smallest of the living Anh-
imidae, the northern Screamer Chauna chavaria.

Only two Galliform records were described from the Tremembé Formation
(Alvarenga 1988, 1995), both currently recognized as Quercymegapodiidae and
belonging to the genus Ameripodius: Ameripodius granivora (= Taubacrex
granivora following Mourer-Chauviré 2000, originally described as a Rallidae by
Alvarenga 1988) and Ameripodius silvasantosi. Quercymegapodiidae is a primi-
tive clade of Galliformes that resembles the stocky medium-large chicken-like
megapodes or mound-builders. They have also been identified in the middle
Eocene and Lower Miocene of France (Mourer-Chauviré 2000; Lindow and Dyke
2007). Ameripodius emphasize the similarity between the European and South
American avifaunas for the earliest Cenozoic times (Mourer-Chauviré 2000).

Flamingos (Phoenicopteriformes) of Tremembé are members of two different
families: Phoenicopteridae and Palaelodidae (Alvarenga 1990). They are repre-
sented by Agnopterus sicki and Palaelodus aff. ambiguous respectively. The first
one, from which is only known a distal end of a tibiotarsus, is grouped together
with living flamingos, the well known wading birds of cosmopolitan distribution
that live associated with marshes. The extinct Paleolodids from the early Tertiary
of Europe, both Americas, and Australia (Olson and Feduccia 1980; Cheneval
1983; Alvarenga 1990; Boles 1991) have been described as swimmers (Olson and
Feduccia 1980) or even divers (Cheneval and Escuillié 1992 versus Mayr 2004)
and filter-feeder aquatic birds.
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Chapter 6
Eocene Birds from Antarctica and Their
Relationships with Those of South
America

All avian fossils from Antarctica (e.g. Chatterjee 2002; Chatterjee et al. 2006;
Clarke et al. 2005, 2006; Coria et al. 2007; Jadwiszczak 2011; Tambussi and
Acosta Hospitaleche 2007; Tambussi and Tonni 1988; Tambussi et al. 1994, 1995,
2005, 2006; Tambussi and Degrange 2012; Tonni and Tambussi 1985) appear to
represent members of the anatomically modern clade Neornithes. This is true not
only for the Cenozoic but also for the Cretaceous record that comprises more
archaic taxa such as enantiornithines, hesperornithiformes, or basal ornithurines.
Eocene deposits of La Meseta Formation have yielded considerable numbers of
bird remains, including those of seabirds and continental ones.

Seabirds are an ecologically important group characterized by their dependence
on the marine environment. Antarctica hosts six breeding species of penguins
(Sphenisciformes) today. They have a near-shore aquatic lifestyle, gregarious habits,
non-pneumatic bones, and wings transformed into flippers. Yet, the fossil record
indicates that a highly diverse array of now-extinct taxa once inhabited Antarctic
coastlines. Penguins constitute the most frequent fossil remains from the James Ross
Basin, especially from the uppermost unit of La Meseta Formation (Submeseta
Allomember or Telm7, Priabonian, Late Eocene, *34–37 Ma). Starting at the Late
Paleocene (Tambussi et al. 2005), its record ends at the Eocene including 15 species,
9 of which would have coexisted (Myrcha et al. 2002; Tambussi et al. 2006;
Tambussi and Acosta Hospitaleche 2007). However, Jadwiszczak and Thomas
(2011) synonymized four species previously recognized. Nevertheless, diversity—
and frequency of the remains—is still astounding. High diversity could have resulted
in an ecological segregation of penguins related to differences in breeding chro-
nology, foraging behavior, or life history tactics. It is not new that this type of
ecological segregation occurs in current penguin colonies (Bunnefeld et al. 2011) but
in no case, is diversity as dramatic as in the Eocene of Seymour. Three localities in
Magallanes, southern Chile, whose stratigraphic context indicates a positive corre-
spondence with the geological units of Seymour Island, have yielded two different
groups of penguins. The first group is similar in size to the smallest taxa previously
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described from Seymour Island (e.g., Marambiornis Myrcha et al. 2002, Mesetaornis
Myrcha et al. 2002, and Delphinornis Wiman 1905) and the second is similar in size
to the bigger taxa. Moreover, Chile and Seymour share records of Palaeeudyptes
Huxley 1859, one of the most widespread penguin genera (including also New
Zealand, Chile, and Perú) in the southern hemisphere during the Eocene (Sallaberry
et al. 2010). Indeed, this is not as striking as it may seem. Living penguins generally
do not migrate great distances, but Adeliae penguin for example migrates about
600 km north of the Antarctic continent (Dunn et al. 2011). The current distance
between the southernmost end of South America and Antarctica is about 1,000 km
and it is known that this gap was smaller during the Eocene–Oligocene times
(Fig. 2.3). It is very reasonable to think that an exchange—or dispersion—of fauna
have been possible in this marine scenario. Apparently, Antarctic penguins had a
complex history involving multiple dispersal and extinction events. Is not a goal of
this work to devote to these issues in-depth? We refer readers who are interested in
these topics to learn more about the diversity and evolution of Antarctic penguins in
Jadwiszczak (2009, 2010 and the literature cited therein), Ksepka et al. (2006), Slack
et al. (2006), Tambussi et al. (2005, 2006) and Tambussi and Acosta Hospitaleche
(2007).

A broad picture of the Eocene continental avifaunas of West Antarctica has
emerged in the past years, but the increase of our knowledge is low. The mid-
Tertiary lacustrine sediments of King George Island (the largest of the South
Shetland Islands) preserved four types of footprints which belong to the tetra-
dactyle footprint Antarctichnus fuenzalidae, shorebirds, non-volant ground birds
that could belong to either ratites or gruiforms, and probably an anatid
(Covacevich and Lamperein 1972; Covacevich and Rich 1982). The ichnofossils
include both solitary and group activities with their hypothetical avian tracemakers
(Tambussi and Acosta Hospitaleche 2007). Footprints have also been reported
belonging to a bird with three anterior long toes that could correspond to Ratitae or
Phorusrhacidae (Case et al. 1987).

Within the non-penguin materials from Seymour Island housed at Museo de La
Plata, there is also a near-complete left coracoid (Fig. 6.1a) collected in the
Cucullaea I Allomember (Telm 5, Early-Middle Eocene, Ypresian/Lutetian,
*49–52 Ma) which can be assigned to a loon (Gaviiformes) with some degree of
reliability (Tambussi et al. 2012). The coracoid has a short and robust shaft; the
cotyla scapularis is subtriangular and deep; the facies articularis humeralis is flat,
oval, and broad; the procoracoid process is broken but the base is very broad; the
processus acrocoracoideus is partially broken but it was very well developed; the
foramen n. supracoracoidei is incospicuous; the facies articularis sternalis is broad
at the level of the angulus medialis; the impressio m. stercoracoidei is shallow and
the sulcus m. supracoracoidei is broad and deep; the impressio lig. acrocoraco-
humeralis is conspicuous, deep, and situated proximal to the facies articularis
humeralis. The Antarctic coracoid is smaller in size with the living Gavia immer.
Although this fossil cannot be distinguished from the living taxa, the morphology
of the only available specimen is insufficient to determine the specific level at the
moment. A deep analysis of this specimen is now in progress. Extant loons (four
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species of the genus Gavia) are foot propelled divers found in North America and
northern Eurasia. They breed at northern freshwater sites, but winter along sea
coasts in temperate areas (Carboneras 1992). Loons had a more southerly distri-
bution than the present day, and their fossils have been found in California,
Florida, Italy, Austria, Chile, and Antarctica (Chatterjee 2002; Mayr 2004;
Mlikovsky 1998; Olson 1985, 1992). The earliest fossil gaviiform (Lambrecht
1929; Olson 1992) that resembles the highly derived bone of modern loons (Mayr
2004) had been described from the Upper Cretaceous of Chile (Quinriquina For-
mation) and Antarctica (López de Bertodano Formation). It is likely that both
records belong to the same species, Neogaeornis wetzeli Lambrecht 1929. The
presence of a loon in the Eocene of La Meseta Formation constitutes the youngest
record of gaviids in the southern hemisphere and also extends the permanence of
this Holartic lineage to the Eocene in the southern hemisphere (Tambussi et al.
2012).

A number of bird bones excavated from the Eocene deposits of La Meseta
Formation were attributed to pelagornithid birds (Tambussi and Acosta Hospi-
taleche 2007; Tonni 1980; Tonni and Tambussi 1985) (Fig. 6.1b, c). The Pelag-
ornithidae, commonly called pelagornithids or pseudodontorns, are a bony-toothed
extinct family of large seabirds. Their fossil remains have been found all over the
world (England, Europe, North America, Japan, New Zealand, Africa, Chile, and
Perú, Harrison and Walker 1976; McKee 1985; Mayr and Rubilar-Rogers 2010;
Mayr 2011; Olson 1985; Walsh and Hume 2001; Warheit 1992), in rocks dating
between the Late Paleocene and the Pliocene–Pleistocene boundary, in all sorts of
climates. They were the dominant seabirds of most oceans throughout most of the
Cenozoic. Their most notable trait is the presence of tooth-like points on the edge
of the premaxillary and mandibular bones that contained Volkmann’s canals (the
transverse channels that are absent in true teeth and that interconnect the Haversian
canals of the tissue). Pelagornithids comprise medium species with the size of
albatrosses and very gigantic taxa up to 6 m of wingspans (e.g., they are among the
largest flying birds ever lived, Mayr and Rubilar-Rogers 2010). They range from
generalists that could probably undertake flapping flight to highly specialized
gliders. Antarctic pelagornithids seem to fit into these two morphotypes. Inter-
estingly, pelagornithids of Seymour Island are found in the company of penguins
while those of the northern hemisphere are associated with the wing-propelled
diver plotopterids (Ploptopteridae). Warheit (1992) has suggested that a worldwide
Late Eocene oceanic cooling could be the cause for that association.

Procellariiformes include the modern albatrosses, petrels, and storm-petrels.
Modern albatrosses (Diomedeidae) are worldwide pelagic and gliding seabirds.
However, its fossil record is fairly from the northern hemisphere, where they
appear since the Late Oligocene (Tambussi and Tonni 1988; Mayr 2009).
A weathered tarsometatarsus from the La Meseta Formation at Seymour Island
(Noriega and Tambussi 1996; Tambussi and Tonni 1988) can be unambiguously
assigned to this family. Additional fossil specimens housed at Museo de La Plata
(Fig. 6.1e) could be also assigned to Procellariidae (Noriega and Tambussi 1996
and this paper).
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Fig. 6.1 Fossil birds from Antarctica: a Gaviiformes, left coracoid (MLP 95-I-10-14);
Pelagornithidae, b distal fragment of a beak (MLP 08-XI-30-42), c fragment of mandible
(MLP 83-V-30-2), d Presbyornithidae, left scapula (MLP 96-I-5-19), e Procellariidae, right ulna
(MLP 91-II-4-6), f Charadriiformes, distal fragment (MLP 88-I-1-262), g Gruiformes, right distal
tarsometatarsus (MLP 90-I-20-9), h hoenicopteriformes, right radius (MLP 87-II-1-2), i Char-
adriidae, left proximal ulna (MLP 95-I-10-9), j Falconiformes, phalanges (MLP 92-II-2-7).
Materials a, d, e, i and j were recovered from Cucullaea I Allomember of the marine La Meseta
Formation at Seymour Island (Telm 5, Early-Middle Eocene, Ypresian/Lutetian, *49–52 Ma)
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Charadriiforms, shorebirds, and waders are a heterogeneous and polymorphic
group of birds of small to moderate size. Because of its high diversity, it is difficult
to diagnose the group with morphological characters. They frequent open inland
and coastal/marine wetlands. Charadriiforms (Fig. 6.1f, i) from La Meseta For-
mation are represented by a right scapula, distal left tarsometatarsus, and proximal
left ulna. All bones are isolated and represent more than one individual.

A distal fragment of a right tarsometatarsus probably belonging to Gruiforms
was found at the upper level of La Meseta Formation (Fig. 6.1g). Trochleas are
completely absent but the preserved part reveals that the bases of trochlear II and
III are very close, separated from trochlea IV by a conspicuous groove. The size
and shape fits well with the living American coot. Unfortunately, the material is
not preserved enough to allow a more accurate identification.

A notoriously long, slender, and slightly curved incomplete right radius
(Fig. 6.1h) of a flamingo was reported by Noriega and Tambussi (1996). Our
revision confirms the assignation. Flamingos (Phoenicopteridae) are gregarious,
long-legged filter-feeders, and invariably associated with warm temperatures,
brackish or saltwater lakes and lagoons. The fossil record of Phoenicopteriformes
goes back into the Eocene of North American and Messel deposits (Juncitarsus,
Olson and Feduccia 1980; Peters 1987; Mayr 2009). Paleolodids (Phoenicopteri-
formes), to which flamingos are most closely related, are now known from the
Early Miocene of New Zealand (Worthy et al. 2010). The Antarctic material is too
incomplete to assess its exact position, but it is the earliest record of a Phoeni-
copteriformes in the southern hemisphere.

Tambussi et al. (1995) have reported the presence of a diurnal bird of prey,
Falconiformes Polyborinae, at La Meseta Formation. The material constitutes the
oldest record for the Falconidae family and consists of a tarsometatarsus (not
figured here) whose morphology resembles that of living polyborines in having the
trochlea for the second digit shorter and wider than the trochlea for the digit four,
bearing a planar projection. Living Polyborines are vulture-like falconids with
scavenging habits that occur exclusively in the Americas, mainly in the Neo-
tropical regions. The animal would have reached a body mass of about one
kilogram and the size of the living caracara Polyborus plancus (Tambussi and
Acosta Hospitaleche 2007). Additionally, Falconiformes are also represented by a
pedal phalanx (Fig. 6.1j) figured here for the first time. Interestingly, nowadays,
Falconidae is a family of worldwide distribution (except Antarctica and the
Arctic), with the greatest diversity concentrated mainly in South America (Olson
1976; White et al. 1994).

From the topmost levels of the Submeseta Allomember, part of the near-shore
deposits of the La Meseta Formation, likely Late Eocene (ca, 36 Ma Dutton et al.
2002; Reguero et al. 2002), two different taxa of large flightless birds from
Antarctica have been described: a ratite (Tambussi et al. 1994) and a supposed
phorusrhacid (Case et al. 1987, 2006). Strictly, Late Eocene terrestrial birds of
Antarctica raise some interesting biogeographic issues that we will discuss below.

Antarctic phorusrhacid records require special considerations. New perspec-
tives on the materials reported by Case et al. (1987, 2006) who were followed by
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other authors (Hospitaleche Tambussi and Acosta 2007), indicate that their
systematic locations were wrong. The fragment of a beak (cast UCR 22175)
presents lateral grooves that are not present in any known phorusrhacid (Degrange
2012). It is noteworthy that this feature resembles Pelecaniformes Pelagornithidae.
However, at least at the moment this assignment cannot be corroborated. The other
remain, a distal end of a tarsometatarsus (cast UCR 22175) presents the trochlea
metatarsi II proximally retracted and twisted caudally, a feature that does not
correspond to any known Phorusrhacidae (Degrange 2012; Cenizo 2012).

Regarding the ratite, the Antarctic material is a distal tarsometatarsus with a
‘‘large, narrow trochlea for digit III, which is projected moderately beyond the
trochlea for digit II with straightened margins bordering a deep groove. Trochlea II
has a wide articular surface and extends posteriorly more than trochlea III. The
lateral margin of trochlea III allow us to infer that the intertrochlear space between
trochlea III and IV extends proximately beyond trochleae II and III’’ (Tambussi
et al. 1994, p. 606).

More recently, Case et al. (2006) reported the presence of a cursorial bird from
the Late Cretaceous (Maastrichtian) of Vega Island, Antarctic Peninsula and would
correspond in an ancestral form to the Cariamidae-Phorusrhacidae or to a basal
Cariamidae, according to the authors. The affinities of these remains could not be
corroborated. However, at least one specimen shown by Case and colleagues
during 2006 SVP meeting (USA) is a tibiotarsus belonging to Sphenisciformes.

Most of the ratites (ostriches, emu, cassowaries, forest-dwelling kiwis, and
rheas) live currently in the southern hemisphere, and all of them lack a keel on the
sternum, a character associated with flightlessness. The estimated body mass of the
Antarctic specimen is approximately 60 kg (Vizcaíno et al. 1998), greater than that
of the Greater rhea (23–25 kg according to Picasso 2010) but considerably lower
than that of the adult male ostrich (90 kg sensu Alexander 1985). Although the
phylogenetic position of this animal is far from being elucidated, some biogeo-
graphic considerations can be made.

In the context of what has been found, the fossil is significant in that it is from a
land-dwelling bird. As was previously mentioned, many of the fossil birds found in
Antarctica were birds which lived along the shoreline, and the ratite represents the
oldest strictly terrestrial bird found in Antarctica. For now, we will assume that the
bird truly does represent a previously unknown branch of a group which primarily
resided in the southern continents.

The presence of a strictly ground bird strongly supports the idea that West
Antarctica was used as dispersal route for obligate terrestrial organisms at least
during the earliest Paleogene, when the opening of the Drake Passage began.
Beyond the phylogenetic relationships of this animal with the other ratites, this is a
case of southerly trans-Pacific disjunctions that are among the most conspicuous
and notorious of all known distributional patterns between biogeographers
(Brundin 1966; Cracraft 2001).

All these birds were accompanied by a rich mammal fauna found in the middle
levels of La Meseta Formation composed of small marsupials and Microbiotheria
Didelphimorphia (Goin and Carlini 1995; Goin et al. 1999, 2006), some
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Phyllophaga xenarthrans (the earliest record of this group), and astrapoterids, and
litopterns (Bond et al. 1990; Hooker 1992; Marenssi et al. 1994; Vizcaíno et al.
1997; Bond et al. 2006), and gondwanatherians Sudamericidae (Reguero et al.
2002; Goin et al. 2006).

The reconstruction of this fauna and its population structure suggest a coastal
environment, with Nothofagus forests that developed close to a volcanic mountain
range in warm, humid climates (Reguero et al. 1998, 2002). The floristic associ-
ation of the Early-Middle Eocene of the Seymour Island suggests the development
of a mixed mesophytic forest, which denotes a warm, to cold environment with
marked seasonality, and average minimum temperature of about -3 �C
(Chornogubsky 2010).
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Chapter 7
Neogene Birds of South America

7.1 The Lower-Middle Miocene Santa Cruz Formation

The continental vertebrate collection of the Santa Cruz Formation (Late-early
Miocene) is known worldwide by its abundance and diversity (Hatcher 1903;
Tauber 1997a, b; Vizcaíno et al. 2006, 2010). With regard to the bird fossil record,
the taxonomical and morphological diversity is also really high (Tonni 1980;
Olson 1985; Tambussi and Noriega 1996; Alvarenga and Höfling 2003; Agnolín
2004, 2006a, b, 2007, 2009b; Noriega et al. 2009; Cenizo and Agnolín 2010;
Tambussi 2011; Degrange et al. 2012). The initial collection was largely made by
Carlos Ameghino by the end of the nineteenth century and the remains were
studied and nominated by his brother, Florentino Ameghino (1887, 1889, 1891a, b,
1895, 1899) (Table 5.1). Subsequent fieldworks were achieved by the Princeton
University and the result was the addition of new bird remains illustrated and
described by Sinclair and Farr (1932) in the Reports of the Princeton University
Expeditions to Patagonia (Hatcher in charge). While several of the new specimens
correspond to complete and beautifully preserved skeletons of Psilopterinae
phorusrhacids, other remains are incomplete, isolated, broken, and eroded mate-
rials, and in some cases wrongly identified (e.g., Degrange 2012).

Only few species are represented by nearly complete skeletons (e.g., Psilopterus
lemoinei, Psilopterus bachmanni, Patagornis marshi, and the falconid Thegornis
musculosus, see below). Descriptions of the remains originally collected are bare,
inaccurate situations that makes difficult the correct systematic location and
founding of the phylogeneic relationship of most of the santacrucian taxa (Olson
1985; Tonni 1980; Tambussi and Noriega 1996); although, there have been several
recent efforts to shed some light on this situation (Alvarenga and Höfling 2003;
Agnolín 2004, 2006a, b, 2007, 2009b; Tambussi 2011, Tambussi and Degrange
2011; Degrange et al. 2012).

Till date, the bird fossil record of the Santa Cruz Formation includes at least 18
species located in 15 genera and 9 families (Degrange et al. 2012).

C. P. Tambussi and F. J. Degrange, South American and Antarctic Continental Cenozoic Birds,
SpringerBriefs in Earth System Sciences, DOI: 10.1007/978-94-007-5467-6_7,
� The Author(s) 2013
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Opistodactylus patagonicus is without doubt a Rheiformes, the clade endemic
of South America that includes rheas. In fact, the tibiotarssus and tarsometatarsus
(Fig. 7.1a) on which Ameghino found this species does not differ much on its
morphology and proportions from their extant relatives (Tambussi 1995). Both
living species of the family Rheidae are flightless large fast-running birds. They
are the greater living birds of the Americas.

The closest living relatives of Rheas are the tinamous (Order Tinamiformes)
that also have the first record during the Miocene. Tinamids were shown to be
monophyletic and their current distribution is restricted to Central and South
America. Some species are related to arid environments (Nothurinae) and others to
forest (‘‘Tinaminae’’). In sediments of the Santa Cruz Formation, at least three
species of Tinamidae are registered. Three unnamed species are from Monte
Observación (= Cerro Observatorio), Monte León, and Cañadón de las Vacas
localities (Chiappe 1991; Bertelli and Chiappe 2005). These remains represent two
morphotypes of Nothurinae, the aridland tinamous (Degrange et al. 2012). How-
ever, the state of preservation of the material collected (fragmentary coracoids,
humerus and tibiotarsi) has not allowed a more precise identification. Recently a
new fossil, tinamous Crypturellus reai, was described by Chandler (2012). The
material, a complete left humerus, was collected by Barnum Brown at Cañadón de
Las Vacas, at Santa Cruz Province (Argentina) during the Princeton expedition to
Patagonia (1898–1899) (Chandler 2012). We could not study the material directly
but judging by the images of Chandler’s paper, we doubt that the systematic
position of the fossil is appropriate. For example, the proximal extremity is similar
to tinamids, whereas the distal one deeply resembles those of Cracids (e.g., Or-
talis). Currently, species of Crypturellus are forest-dwelling birds, distributed and
associated with enclosed environments far north from Santa Cruz.

Falconidae are a group of carnivorous birds also represented in the Santa Cruz
Formation: Badiostes patagonicus (from La Cueva Locality), Thegornis debilis
(from Puesto Estancia La Costa locality) and T. musculosus (from Yegua Quemada
locality) (Fig. 7.1b, d, i).

Falcons are small- to medium-sized birds of prey that differ from other raptors
in killing with their beaks instead of their feet (Sustaita 2008). The family has a
worldwide distribution excepting the Arctic and Antarctica, and the densest forest
of central Africa.

Noriega et al. (2011) corroborates the validity of Thegornis musculosus and its
falconid affinities analyzing a very well-preserved and complete specimen of this
species. Their cladistitic studies confirm the phylogenetic placement within the
basal clade of falcons Herpetotherinae (forest-dwelling falconids Micrastur and
Herpetotheres), a peculiar group of falconids that are distributed in the lowland
and mid-elevation humid forest of Central and South America (Fuchs et al. 2011).

The holotypes of Badiostes patagonicus and Thegornis debilis do not allow a
more precise assignation below the family level. Interestingly, on the basis that
both species of Thegornis have the same procedence and age and that difference in
size between males and females are frequent in diurnal raptors, Noriega et al.
(2011) suggested tentatively that Thegornis debilis could be a male of Thegornis
musculosus.
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Fig. 7.1 Santacrucian fossil birds a Opistodactylus patagonicus, tibiotarsus, tarsometatarsi,
phalanxes, and portion of beak (BMNH-A586-587), b Badiostes patagonicus distal portion of
right tarsometatarsus (BMNH A602), c Eutelornis patagonicus, fragmentary right humerus and
right tibiotarsus (BMNH A596), d Thegornis debilis, distal fragment of right tarsometatarsus
(BMNH A601), e Liptornis externus, cervical vertebra (BMNH A599), f Anisolornis excavatus,
distal portion of left tarsometatarsus (BMNH A594), g Eoneornis australis, fragmentary radius
(BMNH A595), h Protibis cnemialis, distal portion of right tibiotarsus (BMNH A598),
i Thegornis musculosus distal portion of right tarsometatarsus (BMNH A600). Scale bar = 1 cm
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Interestingly, from the Early Miocene of the Sarmiento Formation (Trelew
Member) in the southern cliff of the Chubut river near Gaiman, it was recovered a
tarsometatarsus and associated pedal phalanges with other fragmentary remains
(Fig. 7.2). In an initial work, Tambussi et al. (2003) proposed its similarities with
the Falconidae Herpetotherinae more than any other group of falcons, although
some differences with Micrastur could be established, e.g. the cross-section of the
shaft much more anteroposteriorly compressed, the more elongated trochlea III,
and a larger intertroclear internal groove. Also, the authors noted very pronounced

Fig. 7.2 Thegornis
musculosus from the Early
Miocene of the Sarmiento
formation (Trelew member)
in the southern cliff of the
Chubut river: a mandibular
symphysis, b quadrate,
c portion of carpometacarpus,
d right foot. Scale
bar = 1 cm
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differences between Polyborinae and Falconinae (the other two clades of the
family, Fuchs et al. 2012), both in general morphology and in the arrangement of
the trochleae. Now, the availability of the amazing specimen of Thegornis
musculosus described by Noriega et al. (2011) allows us to assign the material of
Gaiman to Thegornis musculosus. In this regard, the Gaiman specimen extends
back the biochron of the taxon (Early Miocene) and the geographic distribution
900 km north of the holotype type locality.

The fossil record of darters or snakebirds (Pelecaniformes Anhingidae) dates
from the Early Miocene (Fig. 2.1) and is rather abundant in South America since its
first records (Cenizo and Agnolín 2010 and the literature cited therein). Anhingids
are large birds of about 80–100 cm in length, with long thin necks that impale
fishes with their thin pointed beaks. Currently, they have a pantropical distribution
(tropical America, Africa, Asia, and Australia) but in the past they had a wide
temporal and geographical distribution through North America, Europe, Africa,
and Australia (Olson 1985). They frequent freshwater environments but occa-
sionally inhabit marine coast and marshes. It is accepted that Liptornis hesternus, of
which only a cervical vertebra is known from La Cueva fossil locality at Santa Cruz
Province in Argentina (Ameghino 1895), is a valid darter species (Degrange et al.
2012). We follow here the criterion of (Degrange et al. 2012) that confirms the
belonging of L. hesternus to the Anhingidae from a re-examination of some fossil,
the examination of a cast housed in the Field Museum (Chicago) by one of the
authors (FJD), and photos of the holotype (Fig. 7.1e).

Three giant-sized genera with at least six species, and a diminutive species
belonging to Anhinga were described in the last decade (Alvarenga 1995;
Alvarenga and Guilherme 2003; Areta et al. 2007; Campbell 1996; Cenizo and
Agnolín 2010; Noriega 1992; Rasmussen and Kay 1992; Rinderknetch and Noriega
2002). Giant darters such as Macranhinga were also found in deposits of the upper
Bandurrias River, Santa Cruz Province in Argentina that belongs to Santa Cruz
Formation (Cenizo and Agnolín 2010). Anhingids had an important radiation since
the Late Miocene at northern latitudes in Argentina, Uruguay, Brazil, Colombia,
Chile, and Perú including highly specialized sympatric forms of different sizes and
locomotor adaptations. Giant darters disappeared from South America in the Early
Pliocene (Cenizo and Agnolín 2010; Tambussi 2011) probably due to a combi-
nation of deteriorating climatic conditions, regression of epicontinental seas, and
subsequent disappearance of several freshwater environments (Cenizo and Agnolín
2010). Competition with phalacrocoracid cormorants (first fossil record during the
Late Miocene marine assemblages of Perú and Chile) may also have caused
the disappearance of giant darters. It is also important to note that anhingids from
the Santa Cruz Formation represent the southernmost records for the family.

The Anseriformes are represented by at least four species, all of them based on
fragmentary material. Using the original description made by Ameghino (1895),
Cenizo and Agnolín (2010) relate the Anseriformes Eoneornis australis with the
screamers (Anhimidae). While their arguments seem reasonable, the material is
too fragmentary and little eloquent (a distal portion of a radius) to validate this
assignation (Fig. 7.1g).
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In this work it is considered to be an Anseriformes of uncertain affinities as
suggested by Tambussi and Noriega (1996). A determination more accurate below
the ordinal level is held down by the findings of new materials. This is the same
situation that happens with Eutelornis patagonicus, the name that Ameghino gave
to this species based on a distal fragment of a humerus and a proximal portion of a
tibiotarsus (Fig. 7.1c). According to Cenizo and Agnolín (2010), Eutelornis shares
plesiomorphic features with the Anseranatidae and corresponds to a basal
Anseriformes. In this work, we prefer to preserve the doubtful familiar status. In the
same publication, Cenizo and Agnolín (2010) described the new taxon Ankonetta
larriestrai which is an anatid of middle size with superficial resemblance with the
whistling ducks Dendrocygna sp. Whistling ducks are freshwater primitive
anseriforms with worldwide distribution through the tropics and subtropics.

The systematic position of Brontornis burmeisteri has also been discussed.
From its relationship with the Phorusrhacidae (Brodkorb 1967; Mourer-Chauviré
1981; Alvarenga and Höfling 2003; Alvarenga et al. 2011) and, in particular, with
Paraphysornis brasiliensis, Brontornis has been related and relocated within the
Anseriformes (Moreno and Mercerat 1891; Agnolín 2007; Tambussi 2011;
Degrange 2012; Degrange et al. 2012). Brontornis is known by several remains,
including hindlimbs, phalanx, vertebra, a very fragmentary quadrate supposedly
associated and mainly by mandibular fragments (Fig. 7.3). Moreno and Mercerat
(1891) pointed out some similarities between the hindlimb bones of Brontornis
with those of the swan Cygnus (Anseriformes Anatidae) and even Dolgopol de
Saez (1927) created an order apart for the genera Brontornis and Rostrornis (junior
synonym of the first), based on the trochlear spread of the tarsometatarsus and the
shape of the ungueal phalanxes (Fig. 7.3d, g). Agnolín (2007) proposed that this
species is related with the Galloanserae and particularly with the Anseriformes.
However, this hypothesis is sustained on the basis of the study of the fragmentary
and isolated quadrate bone, which assignation is very questionable (Degrange
2012). In summary, Brontornis is not a terror bird but an Anseriformes funda-
mentally on the morphology of the hindlimbs, as was noted and resalted by
Moreno and Mercerat (1891) and Tambussi (1989), and also based on the cladistic
analysis performed by Degrange (2012) in his thesis. Brontornis burmeisteri
Moreno and Mercerat 1891 better represented the Anseriformes during the
Santacrucian Age. Its body mass was estimated as 420 kg (Degrange 2012) and it
surpassed the 2 m height (Jones 2010; Degrange et al. 2012). Birds with such
masses and sizes can only be associated with open habitats. Brontornis has a short,
wide, and tall mandibular symphysis and a short but wide tarsometatarsus which
reaches between 50 and 60 % of the tibiotarsus length (Alvarenga and Höfling
2003). These features led Tonni (1977) and Tambussi (1997) to propose that this
bird was a scavenger of low movements. However, Agnolín (2007), based on the
mandible morphology and the relationship of this taxon with the Anseriformes,
proposed that Brontornis was herbivorous; in contraposition with Alvarenga and
Höfling (2003) who hypothesized that brontornithines may have been scavengers/
kleptoparasites. Nevertheless, skull remains are fragmentary and the assumption of
any trophic habit with certainty is speculative (Degrange et al. 2012).
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Fig. 7.3 Brontornis burmeisteri: a fragmentary quadrate (MLP 20-111) in cranial, caudal, and
distal views, b–g hindlimb bones, b left femur and tibiotarsus (MLP 20-88), c left fibula (MLP
20-90), d left tarsometatarsus (MLP 20-91), e phalanx 1, 2, and 3 from the third toe (MLP
20-574, 20-575, 20-580), f distal portion of left femur (FMP15309) in cranial and distal views,
g left tarsometatasus (FM-P15259). Scale bar = 1 cm
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The Santacrucian Cariamiformes are represented by two families: Cariamidae
and Phorusrhacidae. The South American seriemas constitute the single extant
members of the small and ancient family Cariamidae, which is also the sole
surviving family of the Cariamae. They are the only two very closely related living
flesh eating species around 80 cm high that run rather than fly, and roost on trees.
From the middle levels of Estancia La Costa Member of the Santa Cruz Formation
(Noriega et al. 2009) in the locality of Puesto Estancia La Costa (= Corriguen
Aike), a few bone fragments (two isolated distal ends of tibiotarsi of Cariaminae),
and Cariama santacrucensis based on a fragment of neurocranium (Noriega et al.
2009) were recovered. Cariama is the oldest South American genus with living
representatives (Tambussi 2011).

The Terror Birds (Phorusrhacidae) are the best bird group represented in the
Santacrucian, both in number of species and specimens (see ‘‘The predominance of
zoophagous birds’’). One of the best-known taxa of the 81 species nominated by
Ameghino is the phorusrhacid Phorusrhacos longissimus that was nominated on the
basis of a jaw and originally considered for Ameghino himself as an edentulous
mammal (Ameghino 1887). This bird was a terrestrial, non-flying, carnivorous
predator of huge size, with a body mass of approximatelly 120 kg according to
Degrange (2012). After Phorusrhacos, Ameghino nominated another 21 species
of Phorusrhacidae (Ameghino’s ‘‘Phororhacosidae’’ ? ‘‘Pelecyornidae’’), most of
them based on fragmentary and little eloquent material (Table 5.1). Of these, only
Phorusrhacos longissimus is considered a valid name (Alvarenga and Höfling 2003).

Other Phorusrhacidae found in the Santa Cruz Formation belong to the
Psilopterinae and Patagornithinae subfamilies in the sense of Alvarenga and
Höfling (2003). Of all the places in South America where there are remains of
Psilopterinae, only in Santa Cruz Formation the coexistence of two species of this
clade is recorded: Psilopterus lemoinei (Moreno and Mercerat 1891) and
P. bachmanni (Moreno and Mercerat 1891). Both species had been beautifully
illustrated by Sinclair and Farr (1932), although the descriptions are lax and
ambiguous. Based on new findings, Degrange and Tambussi (2011) recently
described in-depth and made a new diagnosis of P. lemoinei and Degrange et al.
(2011) did the same for P. bachmanni, but restricted to the forelimb. The
Psilopterinae occupied the role of active predators of small to medium size.

Patagornithinae are represented by Patagornis marshi, a terror bird extensively
described by Andrews (1899), represented by numerous and abundant materials.
Patagornis would have been a medium-sized obligate terrestrial bird (true ter-
restrial bird) (Degrange 2012).

Anisolornis excavatus is one of the most controversial species assignment. Its
systematic position has been changing since its original description by Ameghino in
1891a. Based on a distal fragment of left tarsometatarsus (Fig. 7.1f), Ameghino was
originally considered as a Psilopterinae (= Pelecyornidae) and then changed to be
related to the Cracidae by Ameghino himself in 1895. Later authors adopted dif-
ferent criteria: Brodkorb (1964) ubicated between the Galliformes and even in the
Tinamiformes; Cracraft (1973) and Olson (1985) supposed some relationship with
the limpkins (Gruiformes Aramidae) and thrumpeters (Gruiformes Psophiidae).
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Our study allows us to confirm its assignment to the ‘‘Gruiformes’’ in the classic
sense, but due to the fragmentary nature of this remains, more accurate location is
difficult. This does not particularly help to clarify the systematic picture about the
Miocene birds. As is known, a number of wading and terrestrial bird families that did
not seem to belong to any other order were classified together as Gruiformes. In this
manner, Gruiformes (cranes, rails, crakes, limpkin, etc.) contained a considerable
number of living and extinct bird families, with a widespread geographical diversity.

Protibis cnemialis was nominated by Ameghino in 1891 on the basis of a distal
end of tibiotarsus (Fig. 7.1h) that, according to Brodkorb (1963), could correspond
to a Treskiornithidae (Ciconiiformes), a criterion used in later works (Tonni 1980;
Tambussi and Noriega 1996). More recent authors (e.g., Degrange et al. 2012)
consider it a plataleid, the group that includes modern Spoonbills. Plataleids are
large, long-legged wading birds grouped in the family Threskiornithidae, which
also includes the Ibises.

In summary, the Early-middle Miocene avifauna of the Santa Cruz Formation
include unquestionably phorusrhacids, seriemas, rheas, and falconiforms. Addi-
tionally, fragmentary specimens referred with doubts to pelecaniforms, anseriforms,
gruiforms, and ciconiiforms are also present. Birds such us spoonbills, darters,
and waterfowls, allow us to infer the presence of temporarily flooded savannas or
permanent water bodies in forested areas. Birds such as rheas, tinamous, or seriemas
indicate that scenarios with alternating areas of wooded or shrubby with herbaceous
vegetation areas, are also possible.

7.2 Birds from the Miocene Pinturas Formation

The continental sequence of the Late Early-middle Miocene Pinturas Formation
outcrops at the eastern border of the Deseado Massif, west central Patagonia.
Vertebrate fossils were first collected in the Pinturas River valley by Carlos
Ameghino in 1891. Additional localities have yielded more vertebrate fossils
(Estancia Ana Maria, Arroyo Feo, Arroyo La Caldera, Arroyo Telken, valley of the
Rio Ecker, Cañadón Caracoles, Cañadón Seco, Cañadón Olvidado, and Cerro
Chato; Bown and Larriestra 1990). The age in relation to the Santacrucian is still
controversial, and there is no agreement in reference to the prevailing environment.
Some faunal components and palynological data suggest the presence of humid
forests, whereas sedimentologic, paleopedologic, and ichnologic evidence indicate
environments dominated by herbaceous vegetation (Kramarz and Bellosi 2005).
A variety of birds have been reported from these deposits (Chiappe 1991; Noriega
and Chiappe 1993; Bertelli and Chiappe 2005). The remains are usually isolated
and eroded fragments belonging to Tinamidae (Tinamiformes), Falconidae
Polyborinae (Falconiformes), Strigidae (Strigiformes), Anatidae (Anseriformes),
Cariamidae (Cariamiformes), and Tyranni (Passeriformes). It is worth emphasizing
that remains of Tinamidae, Strigidae, and Tyranni are the oldest records of these
taxa for South America (Noriega and Chiappe 1993).
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7.3 Late Miocene Birds from Cerro Azul Formation

Cerro Azul Formation (Late Miocene) is a continental sequence that is found in La
Pampa and southwest Buenos Aires Provinces (Argentina). Deposits have a loess-
like appearance (Goin et al. 2000), containing a mixture of reddish-brown ter-
restrial fine sand, minor silt, and sparse lenses of clay (Linares et al. 1980; Vezzosi
2012) with isolated and caliche-like concretions of irregular thickness in the same
localities (Campbell and Tonni 1980). The well-known Salinas Grandes de
Hidalgo locality, classically assigned to the ‘‘Epecuén Formation’’ was later
included in the Cerro Azul Formation (Goin et al. 2000).

Aves from Cerro Azul Formation include few but interesting remains referred
to ten taxa belonging to six families, four of which have living representatives, and
two are extinct (Cenizo et al. 2011; Vezzosi 2012). This set of birds includes the
oldest records of Eudromia and Nothura (Tinamidae), Milvago (Falconidae),
Pterocnemia (Rheidae), and an undetermined Tyrannidae. Remains of phorusrh-
acids (Procariama simplex) and the giant teratorn Argentavis magnificens
(Fig. 7.4) are also recorded. It is interesting to note here that Procariama simplex
is considered the largest cursorial psilopterine predator with reduced forelimbs
(Alvarenga and Höfling 2003; Vezzosi 2012). Procariama from Cerro Azul For-
mation documents a wide geographic distribution from northwestern (Andalhualá
Formation, Catamarca Province) to central Argentina (Cerro Azul Formation, La
Pampa Province). The species becomes extinct after this time.

Another striking species is Argentavis magnificens. We only mention here that
this is the largest flying bird so far known and its relationship to the North
American teratorns has been considered frequently. Information about this bird is
expanded in the section on carnivorous birds.

The palaeornithological record from the Cerro Azul Formation is congruent with
palaeoenvironmental inferences previously drawn from mammals recovered from
the same unit. Possible scenarios for that moment are made of open environments,
maybe xerophyllous shrubby steppes, perhaps with some forest (Cenizo et al.
2011). These records are the first indications of a typically Pampean bird fauna at
the end of the Late Miocene in central-southern Argentina (Cenizo et al. 2011).

7.4 Late Miocene Birds from Puerto Madryn Formation

Puerto Madryn Formation is a sequence constituted of sediments which held a
wide fauna of marine invertebrates (e.g., equinoderms, brachiopods, and bivalves).
The vertebrate remains of this formation, although scarce, are very well preserved
and even complete skeletons have been recovered in some cases (e.g., Acosta
Hospitaleche et al. 2007a). Based on the abundant record of palynomorphs from
disparate origins (terrestrial, marine, and aquatic) it can be inferred that the
deposition took place on the inner continental shelf (Dozo et al. 2010).
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Fig. 7.4 Argentavis magnifiscens MLP 65-VII-29-49: a fragmentary skull, b right quadrate,
c–d facial skull fragments, e, distal portion of right coracoid, f left humerus in lateral and cranial
view, g shaft of right tibiotarsus, h shaft of right tarsometatarsus, i bone fragments. Scale
bar = 1 cm
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Penguins are the most abundant birds in this formation, although they are not as
abundant as in the older Gaiman Formation (Acosta Hospitaleche 2003, 2004;
Acosta Hospitaleche et al. 2007a; Cione et al. 2011). Recently, from Puerto
Madryn Formation, some continental birds have been recovered (Noriega and
Cladera 2008; Dozo et al. 2010). This constitutes the first continental vertebrate
association coming from the Late Miocene of Chubut Province (Dozo et al. 2010).

A large stork Leptoptilos patagonicus (Fig. 7.5) was exhumated at Punta
Buenos Aires (northwestern extreme of Península Valdés) from sediments
belonging to the lower levels of the Puerto Madryn Formation. It was described on
the basis of a partial skeleton (few fragments of the skull and mandible, tibiotarsus,
pelvis, sternum, and cervical vertebrae) of a single individual (Noriega and
Cladera 2008). As all Leptoptilini, Leptoptilos patagonicus is a large stork and it is
the oldest Tertiary record of Leptoptilini for South America. The Leptoptilini
comprises three living genera (Leptoptilos, Ephippiorhynchus, and Jabiru) with six
species distributed on all continents with the exception of Antarctica. The birds of
the genus Leptoptilos are commonly known for being scavengers, with their large
body size and their long and massive bills. This Ciconiidae tribe in South America
is also represented by a record of Jabiru mycteria in the Late Pleistocene of Perú
(Campbell 1979). At present Jabiru mycteria is the only extant resident species of
Leptoptilini in the Neotropical region.

Abundant remains of Anseriformes Dendrocygninae are also recorded at Puerto
Madryn Formation (Acosta Hospitaleche et al. 2007b; Dozo et al. 2010). This
record corresponds to the southernmost record of Dendrocyninae (Dozo et al. 2010;
Tambussi 2011). The whistling ducks or tree ducks are either considered a separate

Fig. 7.5 Leptoptilos patagonicus MPEF-1363: a fragmentary symphysis, b sternum, c right
humerus, d left ulna, e radii, f left carpometacarpous, (g) pelvis in lateral view, (h) detail of the
distal portion of the left tibiotarsus. Scale bar = 1 cm
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family ‘‘Dendrocygnidae’’ or a tribe ‘‘Dendrocygnini’’ in the goose subfamily
Anserinae. Modern whistling ducks are herbivorous, flying, and gregarious birds
with long legs and necks. They are associated with lentic environments with dense
surface vegetation.

Simultaneously living at the same space are two unquestionably carnivore
groups of birds: accipitrids and phorusrhacids. Both were recovered from La
Pastosa and Rincón Chico localities (Dozo et al. 2010). The fossil Accipitridae
belongs to a large eagle and constitutes the first skull remains available for this
family in South America (Picasso et al. 2009) and corresponds to a similar animal
to the extant Geranoaetus melanoleucus (Fig. 7.6). In Argentina, fossil Accipi-
tridae have been known since the Eocene, represented by only a few postcranial
fragments (Tonni 1980; Tambussi and Noriega 1996). Ancient fossil accipitrid
records are known from the Eocene of America and Europe (Olson 1985; Mayr
2005, 2009). In America, the most abundant record comes from North America
(e.g., Cracraft 1969), but it is very impoverished in South America.

Phorusrhacid Psilopterinae is represented by two unassociated remains, a cer-
vical vertebrae and one ungual phalanx. As mentioned previously, Psilopterinae
includes five species distributed from the Eocene to the Pliocene of Argentina and
Brazil. They are the most graceful and smallest representatives within Phorusr-
hacidae and are classically associated with predatory habits (Degrange and
Tambussi 2011; Degrange 2012).

The record of a Dendrocygninae is consistent with the presence of freshwater
environments, while Accipitridae and Psilopterinae remains indicate the presence
of open shrub.

Fig. 7.6 Skull portion of the
Accipitridae MPEF-PV2523:
a dorsal, b ventral, c lateral,
and d caudal views. Scale
bar = 1 cm
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7.5 The Ituzaingó Formation (late Miocene-early Pliocene)

The bird record from the ‘‘Conglomerado osífero’’ comprises more than a dozen
species of seven orders: Pelecaniformes, Charadriiformes, Anseriformes, Ciconi-
iformes, Rheiformes, Cariamiformes, and Gruiformes. The abundant avian
remains from this locality were studied by Noriega during his Ph.D. research and
further publications (Noriega 1994, 1995, 2001).

Pelecaniformes are represented by several anhingids including the largest
known darter Macranhinga paranensis with an estimated body mass of 5 kg,
Macranhinga ranzii, Anhinga minuta, and cf. Giganhinga and another darter with
a size similar to the recent species Anhinga anhinga. The former showed mech-
anisms of aquatic and aerial locomotion, whereas the latter have been a flightless
species (Noriega 1994, 1995, 2001; Noriega and Agnolín 2008; Noriega and Piña
2004; Areta et al. 2007). Anhingids live mainly in tropical freshwater habitats and
are specialized diving piscivores with elongated necks and extended pointed bills
used for spearing fish (Johnsgard 1993). Fossil anhingids are frequent in South
American Cenozoic deposits (Noriega 1992; Tambussi and Noriega 1996; Noriega
and Alvarenga 2000; Rinderknecht and Noriega 2002; Alvarenga and Guilherme
2003; Areta et al. 2007) (Fig. 1.2).

Charadriiform records include an indeterminate species of flamingo Phoeni-
copteridae and another indeterminate species of the genus Megapaloelodus from
the extinct family Palaeolidae (Noriega 1995). Recent flamingos live in swamp
and floodplain environments; they are typically wading birds although some
primitive fossil forms have been able to dive (Feduccia 1999).

The ciconiiform Mycteriini storks are only known in the Tertiary of South
America in the ‘‘Conglomerado osífero’’ (Noriega 1994, 1995). Additionally, an
indeterminate species of Ciconiini (tarsometatarsus and humerus of cf. Ciconia) is
also known.

Rallidae (coots and allies) are poorly represented in this formation.
The only fossil South American representative of the Gruidae (‘‘Gruiformes’’)

and Dendrocheninae (Anseriformes, Anatidae) occurs in the ‘‘conglomerado
osífero’’. Cranes are represented by two fragments of tarsometatarsi similar to those
of Grus. Cranes have a good record from the Eocene and Oligocene of Europe,
North America (Feduccia 1999), but definitely not in South America. Dendroch-
eninae is more related to the Dendrocygninae (whistling ducks) and Anserinae
(geese and swans) than to Anatinae (ducks) (Noriega 1995). Additionally, real
ducks (Anatini) also occur in Ituzaingó Formation.

Cursorial birds are represented by Rheidae and Phorusrhacidae (Noriega 1995;
Tambussi and Noriega 1996).

Fossils rheid remains are common (several tibiotarsi, tarsometatarsi, and one
femur and humerus) and show marked morphological affinities with Pterocnemia
although the materials could not be assigned to any living or extinct known species
until recently (Noriega and Agnolín 2008; Agnolín and Noriega 2012). A new
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species of the family, Pterocnemia mesopotamica, was recently named on the
basis of a fragmentary distal portion of a right tarsometatarsus that could also be
represented in the Aisol Formation (Middle to Late Miocene) of Mendoza Prov-
ince, Argentina (Agnolín and Noriega 2012).

Phorusrhacids are represented by fragments of at least three species but are of
doubtful assignation (Noriega and Agnolín 2008): Devincenzia pozzi, Andalgalornis
steulleti, and a Phorusrhacidae indet. We agree with Noriega (2000) when he says
that definitively Phorusrhacid taxa from the ‘‘Conglomerado osífero’’ must be
revised.

Integration of data for the Ituzaingó Formation shows that the environment
would have included flooded and swampy areas near some wooded areas devel-
oped around rivers and open areas of savannas and grasslands away from them
(Herbst 2000; Noriega 1995; Noriega and Agnolín 2008). Both the terrestrial and
freshwater fauna of the ‘‘conglomerado osífero’’ indicate a warmer climate than
today. Freshwater vertebrates suggest important connections between the southern
and northern South America basins. Records of dendrochenin anatids and palel-
odin flamingos show a significative biogeographic connection between South
American bird faunas with those of North America and Europe (Martin 1983;
Rasmussen and Kay 1992).

7.6 The Mio-Pliocene Andalhualá Formation

Andalhualá Formation (Late Miocene–Early Pliocene) of the Santa María group
(northwestern Agentina) is constituted fundamentally by an assembly of upward-
coarsening sandstones, with abundant conglomerates and some pelitic and tophus
beds (Anzótegui et al. 2007; Bossi and Muruaga 2009). As it was previously
mentioned, this is the thickest formation of the group (Marshall and Patterson
1981). It has contributed a great amount of fossil plants (Anzótegui et al. 2007) and
it is the richest in fossil vertebrate remains, including fossils of birds, reptiles, and
especially mammals. Herrera and Ortiz (2005) stated that the temporary bound-
aries for Andalhualá Formation are 7 and 3.54 Ma.

With regard to the bird remains, until now only carnivorous birds have been
found (Rovereto 1914; Patterson and Kraglievich 1960; Campbell 1995; Agnolín
2006a) and one species of Palaelodidae (Nasif 1988; Agnolín 2009a) in this
formation.

The Paleolodidae (Phoenicopteriformes) remains correspond to a single species;
Megapaloelodus peiranoi is considered as a basal species within the genus
(Agnolín 2009a). It is represented by postcranial material only.

The carnivorous Argentavis magnifiscens (Teratornithidae) is represented in
this formation only by an ungual phalanx (Campbell 1995).

Agnolín (2006a) reports the presence of the accipitrid Geranoaetus sp. based on
a distal fragment of tarsometatarsus proceeding from this formation. This record
constitutes the oldest record for the genus in South America. Specifically, the wide
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distributed species G. melanoleucus is the first reported at the Miramar Formation
(late Pliocene–Early Pleistocene) (Agnolín 2006a).

Phorusrhacids are quite diverse in the Andalhualá Formation. They are repre-
sented by three species: Andalgalornis steulleti, Mesembriornis incertus,, and
Procariama simplex. The first two species are medium-sized terror birds, mean-
while Procariama it is a little-sized one (Degrange 2012). Without any direct
evidence, pellets found in this formation were attributed to Procariama (Nasif
et al. 2009).

The three species of terror birds are well represented in quantity of material,
especially Procariama (Fig. 7.7a) which is also known by a nearly complete
skeleton. However, except for Andalgalornis (Formación Andalhualá, Fig. 7.7c),
the exact stratigraphic provenance of the other two species is not well specified.
For example, Mesembriornis incertus (Fig. 7.7b) comes from the Andalhualá
Formation or the Corral Quemado Formation (Patterson and Kraglievich 1960)
and in the case of Procariama some of the remains deposited in the Field Museum
(Chicago, USA) may come from the Formation or from the overlying Corral
Quemado Formation according to Marshall and Patterson (1981); meanwhile the
remains deposited in the Museo Argentino de Ciencias Naturales ‘‘Bernardino
Rivadavia’’ (Buenos Aires, Argentina) described by Rovereto (1914) may proceed
from the ‘‘piso araucanense’’ of the indetermined level, although they could come
from the Andalhualá Formation according to Patterson and Kraglievich (1960).
Recently, Vezzosi (2012) described additional material of Procariama simplex
unequivocally proceeding from the Andalhualá Formation. Thus, this flightless
psilopterine has had an extended geographic distribution from the northwest
(Catamarca Province) to central Argentina (Cerro Azul Formation, La Pampa
Province).

7.7 The Mio-Pliocene Pisco Formation at Perú

Due to its abundant marine vertebrate fauna, the Pisco Formation is a famous
locality exposed along the Pacific coast at Perú. It is a marine sedimentary
sequence formed since the Middle Miocene to the Late Pliocene (14.0–2.0 Ma).
Deposits consist of tuffaceous sandy siltstones, medium and coarse-grained
sandstones, shelly sandstones, conglomerates, and coquines. The environment was
interpreted as littoral close to shore (de Muizon and DeVries 1985). Birds from the
Pisco Formation mainly include marine birds such as Spheniscidae, Sulidae,
Pelagornithidae, Laridae, Scolopacidae, Procellariidae, Diomedeidae, Pelecanidae,
and continental ones such as Phalacrocoracidae, Vulturidae, and Ciconiidae
(de Muizon 1981; de Muizon and DeVries 1985; Cheneval 1993; Stucchi 2003;
Urbina and Stucchi 2005a, b).

The abundance, diversity, and preservation of fossil birds in these deposits are
remarkable. Following the guidelines we adopted in this work, we will make some
brief comments on the non-marine birds of this assemblage.
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Fig. 7.7 Phorusrhacids from Catamarca province, Argentina. a Skull, pelvis, and hindlimbs of
Procariama simplex FM-P14525, b tibiotarsus, tarsometatarsus, and right foot of Mesembriornis
incertus FM-P14422, c skull and pelvis of Andalgalornis steulleti FM-P14357. Scale bar = 1 cm
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Storks (Ciconiidae) were represented at Pisco Formation by an isolated tarso-
metatarsus. Based on the environmental and trophic requirements of living storks,
Urbina and Stucchi (2005a) assume that this was an occasional visitor and thus, an
unexpected fossil in the area.

In the same year, Urbina and Stucchi (2005b) recognized two species of Phala-
crocorax at Pisco Formation. One, Phalacrocorax aff. bougainvillii was a big cor-
morant and the other, Phalacrocorax sp. was 75 % smaller in size than the former.

Perugyps diazi is the first fossil condor (Cathartidae) described from the Pisco
Formation and is the oldest condor described for South America. From the same
formation, remains asssigned to a Cathartidae gen. et sp. indet are reported (Stucchi
2008). Eight fossil condors and condor-like vultures have been described for the
Americas; among them four are known from South America (Perugyps, Dryornis,
Geronogyps and Wingegyps) as indicated by Stucchi and Emslie (2005). These
authors assume that Perugyps was a scavenger feeding on the carcasses of marine
mammals or alternatively, it could feed on chicks of seabirds nesting on the site.

7.8 The Mio-Pliocene Bahía Inglesa Formation at Chile

The marine Bahía Inglesa Formation represents a shallow marine setting deposited
within 10 km of the shore (Marquardt et al. 2000; Walsh 2002; Walsh and Naish
2002). This Formation is a clastic sedimentary sequence, fossiliferous and
unconsolidated of coastal marine character, which presents strong lateral and
vertical variations of facies. Lithofacies of clams, sandstones, marls, and mud-
stones are predominating (Marquardt et al. 2000; Godoy et al. 2003).

The birds described so far in the Pisco Formation show a marked resemblance
to those reported from Bahía Inglesa in Chile. Both areas share the presence of
Spheniscidae, Diomedeidae, Sulidae, Phalacrocoracidae, and Pelagornithidae
(Walsh and Hume 2001; Emslie and Guerra 2003). For the purpose of this work,
only Phalacrocoracidae will be commented upon.

The two cormorants reported from Perú seem to have been also in Chile. While
it is not possible to argue that they are the same species, the fact is that a large
cormorant and a smaller one lived simultaneously. It is highly likely that the
distribution of these two Bahía Inglesa Formation cormorants extended 1600 km
north, from Chile to Perú. The same seems to happen with some other marine birds
(e.g., spheniscids, pelagornithids, and sulids).

7.9 Birds from the Chapadmalal Formation

Concerning the Pliocene, birds from the Chapadmalal Formation, between Mar del
Plata and Miramar, southeastern Buenos Aires (Argentina) include Rheidae,
Tinamidae, Phorusrhacidae (Psilopterinae and Mesembriornithinae), Vulturidae,
Charadriidae, Scolopacidae, and Furnariidae (Tambussi 2011).
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Rheids are terrestrial and cursorial birds and are now the greater birds of America,
endemic to the Neotropical region with a definite South American origin which
never left the continent. Hinasuri nehuensis was collected in the upper cliffs of
Monte Hermoso (‘‘Chapadmalalense’’ of Vignati 1925, Middle-late Pliocene, see
Deschamps et al. 2011 for correlations between Monte Hermoso and Chapadmalal
areas). The left femur (MLP 86-VI-21-1) on which Tambussi (1995) described the
taxon, is far more robust than in the known extant and fossil species of rheas
(Rheiformes) (Tambussi 1995). The Rheidae seem to have been very conservative
since its earliest records, maintaining the overall pattern and proportions of the living
species except in Hinasuri. It is worthy to mention here the presence of another
robust rheid in the Plocene of Monte Hermoso locality, Heterorhea dabbenei
(Cenizo et al. 2011; Agnolín and Noriega 2012) whose holotype is missing.

Tinamous (Tinamiformes) are mainly ground-dwelling birds whose fossil records
occur primarily during the Pliocene and Pleistocene of Argentina (Picasso and
Degrange 2009). They are Neotropical birds, most of which are restricted to tropical
lowlands in South America. Remains of tinamous are frequent in the Chapadmalal
Formation being Nothura parvula the most common taxon (Tambussi and Noriega
1996). Another taxon recorded is the Darwin’s Nothura (Nothura darwini), a living
species that currently inhabits the arid steppes. Fossil of the living species Eudromia
elegans (Tinamidae) was also found at Chapadmalal Formation. The elegant crested
tinamou Eudromia elegans is a charismatic terrestrial bird of windswept Patagonia.
Nowadays it inhabits Andean steppes and mountainsides from Patagonia to Buenos
Aires Province and from central to northwestern Argentina. A detailed bioclimatic
analysis of its geographic range (Echarri et al. 2008) indicates low precipitation
(mean of 311.45 mm) featuring its distributional areas. This is important as proxy
information in paleoenvironmental reconstructions.

One species of Phorusrhacidae so far described from the Chapadmalalan is
known as Mesembriornis milneedwarsi Moreno 1889. Like other phorusrhacids,
Mesembriornis have ineffectual wings unsuitable to fly. It (*70 kg of body mass)
was one of the taller phorusrhacids. Without any biomechanical study, Tonni and
Noriega (1998) proposed that this species would have been a scavenger, competing
with the fossil vultures founded in the same formation. Using a mechanical model
based on tibiotarsal strength, Blanco and Jones (2005) proposed that Mesemb-
riornis could have used its legs to break long bones and accessed to the marrow.
However, some of the assumptions made by Blanco and Jones (2005) (e.g., femur
orientation) throw some doubts on their results.

A splendid specimen of Mesembriornithinae (Degrange et al. 2011), currently
being studied by us, is added to the knowledge of the Chapadmalalan birds. The
material (MMP 5050) was recovered from the locality La Estafeta (*3.3 MA,
Schultz et al. 1998) and allows us to know for the first time, especially the
structures for Phorusrhacidae, such as ossified ring of the trachea, sclerotic rings of
both orbits, ossification of the lacrimojugal ligament (os lacrimojugale commu-
nicans, a characteristic shared only with their sister group, Cariamids), furcula, and
ossified medial posterior tendons associated with the tarsometatarsus. Essentially,
MMP 5050 preserves the full palate corroborating the presence of vomer and
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palatines rostral processes. The new taxon would have reached a size smaller than
that of M. milneedwarsi.

The Psilopterinae in the Chapadmalalan stage is represented by a Psilopterinae
gen. et sp. indet. according to Tambussi (1989). The remains include a single skull
with part of the neurocranium, beak, nostrils, and scleral rings preserved (Tambussi
1989; Tambussi and Noriega 1996). Unfortunatelly, the specimen was not available
for this study.

Phorusrhacidae Phorusrhacinae and Physornithinae are absent in the Chapad-
malal Formation. Thus, the carnivorous role during the Chapadmalalan would
have been by representing necessarily terrestrial Phorusrhacids and flying condors.

Tonni and Noriega (1998) reported a fossil of the living Andean Condor from
the early Chapadmalalan (4 Ma) of Río Quequén Salado (Buenos Aires) locality at
Argentina. It is important to clarify that this material has not the same origin as the
above specimens but the locality where it was found is geographically very close.
Currently, condors (Ciconiiformes, Cathartidae) do not live in the Pampas region,
but their fossil record is abundant since the Pliocene and especially during the
Pleistocene (Tambussi and Noriega 1999; Tonni and Noriega 1998) in the area.
They are large broad-winged soaring birds whose oldest record is from the Late
Miocene/Early Pliocene (Perugyps diazi). In addition, an undescribed condor also
from the Middle Pliocene of Argentina is known by only a proximal ulna and
radius (Tonni and Noriega 1998; Tambussi and Noriega 1999). Condors are also
represented by Dryornis pampeanus (Montehermosan, Early to middle Pliocene)
based on a distal fragment of humerus and erroneously asigned to Phorusrhacidae
by Moreno and Mercerat (1891) in its original description. Dryornis, Vultur
gryphus and the undescribed condor mentioned above all come from the Early–
middle Pliocene (Tonni and Noriega 1998; Tambussi and Noriega 1999) and
represent the oldest record of condor-like Cathartidae for the Pampean Region of
Argentina. Finally, from Neogene sediments at the northwest of La Rioja Province
(Quebrada de la Troya, Argentina) it was recovered a distal end of humerus, quite
eroded, which may correspond to Dryornis (Brizuela 2004). If this assignment is
confirmed, then the distribution of this form would extend at least 800 km north of
the Pampean Region.

It is well known that condors are soaring scavengers with high orographic
affinity. For the Montehermosan/Chapadmalalan stages, arid or semi-arid condi-
tions compatible with grasslands and forest patches have been inferred. Such
conditions favor the presence of updrafts as those used by condors for soaring. As
no other scavenging species are known among the fauna of the Chapadmalal
Formation, it is reasonable to assume that condors filled this niche.

The waterbirds Charadriiformes Calidris and Charadrius present in the Cha-
padmalalan indicate the presence of freshwater environments.

Finally, the passerines are represented by the ovenbirds (Furnariidae) (Tonni
and Noriega 2001). They are small- to medium-sized insectivores. Most of them
are forest birds, but some are in more open habitats such as savannah or grassland.

Truly terrestrial birds such as Rheidae, Psilopterinae, and Mesembriornithinae
testified the presence of open environments.
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7.10 Significant Isolated Remains

Finally, we conclude this section with comments on some isolated records that we
considered important to include here. South American Psittaciformes (parrots,
cockatoos, macaws) are recognized from the Late Pliocene and all records are limited to
the Pampean Region in Argentina (Tambussi 2011). All but one (Nandayus vorohuensis
described by Tonni and Noriega (1996) are species of the genus Cyanoliseus and
Pleistocene in age (Acosta Hospitaleche and Tambussi 2006). The holotype of
Nandayus vorohuensis (skull and mandible MLP 94-IV-1-1) comes from ‘‘Vorohue
Formation’’ exposed at Marquesado beach close to Miramar that is considered as
Late Pliocene in age. However, Isla and Espinosa (2009) indicate that those sediments
belong to the lower Pleistocene. If this were the case, the record of Psittaciformes is
limited to the Pleistocene. The living representative of the genus Nandayus is the
monotypic species of Black-hooded Parakeet, Nandayus nenday, distributed from
southeast Bolivia to southwest Brazil, central Paraguay, and northern Argentina.

Fig. 7.8 Skull of Devincenzia pozzi MLP 37-III-7-83 in a lateral and b dorsal views. Scale
bar = 10 cm
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The large-bodied phorusracid Devincenzia pozzi, (originally called Onactornis
depressus), lived in the Pampean Region during the Pliocene. A very fragmentary
skull (MLP 37-III-7-83) was extracted close to Adolfo Alsina in Buenos Aires
Province (Fig. 7.8). The skull fragment is currently preserved embedded in plaster,

Fig. 7.9 Skull morphology of the terror birds: a Kelenken guillermoi BAR 3877-11, scale
bar = 10 cm. b Patagornis marshi BMNH-A516, c Psilopterus bachmanni YPM-PU15904,
d Psilopterus lemoinei AMNH9257. Scale bar = 1 cm
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simulating the entire skull. The reconstruction housed at La Plata Museum, does
not properly allow to discriminate the original pieces of those which are not.
Adittional isolated materials of the species are known from Entre Ríos Province
(Argentina) (Noriega and Agnolín 2008).

Another giant terror bird is Kelenken quillermoi (Fig. 7.9a) whose skull reaches
a length of 71.6 cm and the whole animal would reach 3 m high (Chiappe and
Bertelli 2006). Kelenken is also represented by a tarsometatarsus and a broken
phalanx (Bertelli et al. 2007) and proceeds from the locality of Comallo (Río
Negro Province, Argentina), where the Middle Miocene Collón Curá Formation
outcrops. This terror bird is the largest known phorusrhacid.

Known only from a single incomplete skeleton that includes parts of the jaw,
arm, and leg, Psilopterus colzecus was described by Tonni and Tambussi (1988).
The holotype (MLP-76-VI-12-2) was collected at the Vivero Member of the
Chasicó Formation (Late Miocene, Buenos Aires Province). It is of similar size
that the Santacrucian P. lemoinei.

Seriemas are sister taxa of phorusrhacids, that in contrast to the latter, have a very
poor record. Tibiotarsus and tarsometatarsus fragments from late Pliocene sedi-
ments of south eastern Buenos Aires Province (Argentina) allowed Tonni (1974) to
recognize the extinct species Chunga incerta. The latter is cogenneric with the
extant Black-legged Seriema (Chunga burmeisteri) that is found in northwest
Argentina and Paraguay. The fossil record at Buenos Aires indicates a more
southern and eastern distribution of the genus Chunga during Late Pliocene times.
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Chapter 8
The Dominance of Zoophagous Birds:
Just a Cliché?

It has been suggested that in South American ecosystems during Cenozoic times,
carnivorous birds were hegemonic not only over any other trophic avian guild but
also over other vertebrate carnivorous groups (Tambussi 2011 and the literature
cited therein). To investigate this, we have chosen to dissect the avian fossil record
to determine whether this assumption fits with the available data.

Before advancing, let us specify at the outset some concepts. In general, the diet
of a zoophagous bird is based on animals (e.g., feed on animal matter) and includes
avivores, mamalivores, herpetivores, piscivores, insectivores, scavengers, and
even generalists (Hertel 1995). In this sense, zoophagous is a more comprehensive
term than carnivorous, while the latter only means ‘‘meat-eaters’’. Here, we prefer
to use zoophagous instead of the classic carnivorous term.

Most living birds (about 8,600 species) are zoophagous and roughly 60 % are
partly or largely insectivorous (Morse 1971). It is generally known that bird’s diets
are not restricted to a single item because the trophic categories are arbitrary.
Moreover, many birds change their diet throughout the year depending on food
availability. Because insects significantly react to temperature or moisture chan-
ges, insectivorous birds will be affected. Migration is one of the possible responses
when insects are not available in abundance. The remaining birds could partially
change their diets to intake other alternatives (Morse 1971). Conversely, larger
predaceous birds (e.g., eagles, owls) feed mainly on homeothermic prey that may
not conspicuously respond to climatic changes (Morse 1971), and therefore it is
expected that these birds have a more homogeneous diet throughout the year.

Another aspect about zoophagy is how it acquires and processes the food.
Altogether, these activities comprise what is known as feeding strategies meaning
‘‘the set of choices made by the predator on encountering food items to eat an item
or ignore it’’ (Orians 1971; Pulliam 1974, p. 3; Ferry-Graham et al. 2002).
Predaceous zoophagous or predators run, fly, or swim to hunt and kill other animals
to feed. It is obviously a strenuous activity made only possible by the presence of
appropriate musculoskeletal structures and fitting senses. A predator should be able

C. P. Tambussi and F. J. Degrange, South American and Antarctic Continental Cenozoic Birds,
SpringerBriefs in Earth System Sciences, DOI: 10.1007/978-94-007-5467-6_8,
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(theoretically) to assess potential prey vulnerability, minimizing variability in
hunting success (Quinn and Cresswell 2004). We will refer later to this topic.
Seriemas, diurnal and nocturnal raptors, and as discussed below, also phorusrhacids
are examples of predatory birds that chase their preys. A second type of predators
include birds that wait for the prey in ambush, i.e., expect quietly in order to catch
and attack or kill the prey. Whereas the first type of predator spends much time and
energy in pursuit, the second one does it in searching the prey (Schoener 1971).
These are type I predator and type II predators, respectively, of Schoener (1969).
Examples of the latter are storks and herons that are commonly associated with
aquatic environments. Some other predators feed within the water. This is the case
for anhingids and cormorants that are in fact type I predators and we call them
aquatic zoophagous. Predation has a strong influence upon animal populations and
it represents a selective force in the evolution of form and function (Newton 1998;
Caro 2005) either for the prey or the predator. It is evident that in each case the
time and energy utilized to obtain the food and the amount of energy gained per
capture will be different. Nonetheless, it is obvious that birds display a wide variety
of feeding specializations and the aforementioned classification is unrealistic.
However, it will be useful for the discussion that we will face here.

Ecosystems can be evaluated in at least two ways, taxonomic (answering the
question what is it?) or functional (what does it do?). The first approach is better to
evaluate biodiversity; the second one should be the most useful if the goal is to
characterize the ecosystem condition (Cummins et al. 2005; Farlow and Pianka 2002).
We are particularly interested in the latter. Functional approach has been applied since
the 1970s (Cummins and Wilzbach 1985; Merritt and Cummings 1966), and is based
on easily recognized morphological or behavioral features of the animals that are
related to their modes of food acquisition. Needless to say, to describe the ideal
structure of a given ecosystem, i.e., build an idea of how it works, allow us to predict the
discovery of missing links or evaluate potential overlaps or separations of niche.

To analyze past ecosystems no other options but to accept certain licenses must be
embraced. In most cases, it is not possible to state the absolute synchrony (simulta-
neous occurrence), coexistence or syntopy (co-occurrence in the same macrohabitat at
the same locality during the same time) of individuals/species (Rivas 1964) that are
under scrutiny. In this study, we jointly analyze fossils that came from the same site or
sites separated by only a few tens or hundreds of kilometers without fear of implausible
results. However, temporal differences or gaps are difficult to discriminate and could
perhaps result in overlapping fauna that was not. Here, we use ‘‘associations’’ to gather
records that come from near paleontological sites of the same geological formation
(i.e., of similar age). Cerro Azul or Santa Cruz Formations are such cases.

Here, we will focus our analysis on zoophagous birds, understanding that this
means that we are making a rough cutout to analyze the structure of the ecosystem.
The more accurate analogy that comes to our mind is that we are watching only
one picture of a full-length movie in which all the players were not on the scene.
Therefore, the reader may feel that restriction of this discussion has resulted in a
rather limited view of a much larger phenomenon when we are talking about
ecosystem structure.
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We have compared the zoophagous versus nonzoophagous avian record of 13
fossil localities of South America (four Paleogene and the remaining Miocene or
Pliocene in age) presenting the results in summary in Table 8.1. Birds from each of
these locations were separated according to their inferred diet, grouping in dif-
ferent columns zoophagous and nonzoophagous birds. Analyzing the ratio between
these categories and the total record of each locality, one can realize that in all but
one, proportion of zoophagous is higher and values are greater than 60 %. For the
Late Oligocene Deseadan age, we considered six records, three of which (50 %)
are zoophagous. However, we have highlighted the incompleteness and inaccuracy
of their exact provenances, so these results are questionable.

Remember now that about 60 % of the living birds are partly or largely
insectivorous and the percentage will be higher if the remaining zoophagous birds
are taken together. Extrapolating this to the past, we could hypothesize that future
discoveries will correspond roughly to nonzoophagous bird species and very few
will be zoophagous. These assumptions are unrefined in many aspects. First, the
fossil record is clearly biased toward medium- to big-sized birds; meanwhile small
to very small birds are scarce (e.g., Passeriformes, Piciformes) surely due to the
collecting style, preservation, and other taphonomic aspects of birds in particular.

The compared percentages were calculated taking all the birds without discrim-
inating each type of environment. The biomass of each trophic guild (zoophagous
versus nonzoophagous) is not considered, neither their home range. The latter should
be greater in animals which are efficient pursuers than less efficient pursuers. These
limitations are important in the analysis of the ecosystem structure.

Returning to Table 8.1, birds from Tremembé Formation are one particular
case: the only three species of zoophagous birds registered for this formation
(Paraphysornis, Brasilogyps, and Taubatornis) have been pointed out as scav-
engers. Meanwhile, in the other compared localities, the nonscavenger zoophagous
birds are the dominant ones and only in five of these localities, there is at least one
scavenger. The role assignment of Paraphysornis brasiliensis as a scavenger has
been based on the morphology of the tarsometatarsus (short and wide) and a
supposedly slow motion (Alvarenga and Höfling 2003). In the absence of the
pelvis, Degrange (2012) points out that there is no reliable assignment of the
locomotor habit. Furthermore, the cranial remains recovered of Paraphysornis
include the jaw and a quadrate bone whose morphology on its own is not indic-
ative of trophic habit. In this sense, the assignment of trophic habit should be taken
with caution.

The estimated body mass for this phorusrhacid is 180 kg (Alvarenga and
Höfling 2003), and in this sense is one of the five South American fossil zooph-
agous birds whose estimated body masses exceeds 100 kg: the Oligocene Phy-
sornis fortis (body mass unknown), the Patagonian Miocene gigantic predators
Phorusrhacos longissimus (120 kg, Degrange 2012) and Kelenken guillermoi
(skull of 716 mm long, unestimated body mass), and the Pliocene Devincenzia
pozzi (161 kg, Degrange 2012). In any locality is verified the simultaneous
coexisting of such gigantic zoophagous birds. This could be reflecting a very well-
known situation which is that one of the ways that animals are thought to coexist is
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Table 8.1 Main fossil localities and zoophagous versus nonzoophagous proportion

Procedence Age Birds Zoophagous
proportion (%)

Zoophagous Nonzoophagous

Itaboraí
SALMA

Late Paleocene Paleopsilopterus
Itaboravis

Diogenornis 66.6

La Meseta
formation

Middle Eocene–
Late Eocene

Pelagornithidae
Procellariiformes
Charadriiformes
Gaviidae
Polyborinae

Phoenicopteriformes
Rallidae
Ratitae

62.5

Deseadense
SALMA

Late Oligocene Andrewsornis
Psilopterus
Physornis

Teleornis
Aminornis
Loxornis

50

Tremembé
formation

Late Oligocene–
Early
Miocene

Paraphysornis
Brasilogyps
Taubatornis

Hoazinavis
Chaunoides
Agnopterus
Ameripodius
Palaelodus
Taubacrex

33.3

Santa Cruz
formation

Late Early
Miocene

Patagornis
Phorusrhacos
Psilopterus (2 spp.)
Thegornis (2 spp.)
Badiostes
‘‘Gruiformes’’
Cariama
Cariaminae indet.
Liptornis
Protibis

Opisthodactylus
Tinamidae (2 spp.)
Eoneornis
Eutelornis
Ankonetta
Brontornis

63.15

Puerto
Madryn
formation

Early Miocene Leptoptilus
Geranoaetus
Psilopterinae
Patagornithinae

Dendrocygninae 80

Pinturas
formation

Early Miocene Polyborinae
Strigidae
Cariamidae
Tyranni

Tinamidae
Anatidae

66.6

Cerro Azul
formation

Late Miocene Milvago
Tyrannidae
Argentavis
Procariama
Patagornithinae

indet.

Eudromia
Nothura
Pterocnemia

62.5

(continued)
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by differences in their body sizes, and this is because different sized animals
utilize different resources (Wilson 1975). The exploitation of the same resource of
species inhabiting a particular community may cause interspecific competition
(endeavor of two or more animals to gain the same particular thing in the sense of
Milne 1961). Tentatively, it is said that there is a theoretical limit to morphological
similarity among competing species, ideally manifested as a Hutchinson ratio
of mean sizes among successive pairs of competing species: ‘‘where the species
co-occur, the ratio of the larger to the small form varies 1.1–1.4, the mean ratio
being roughly 1.3’’ (Hutchinson 1959, p. 152 but see Wiens 1982). For studies of

Table 8.1 (continued)

Procedence Age Birds Zoophagous
proportion (%)

Zoophagous Nonzoophagous

Ituzaingó
formation

Late Miocene–
Early
Pliocene

Macranhinga
(2 spp.)

Anhinga
Cf. Giganhinga
Mycterini
Ciconini
Grus
Andalgalornis
Devincenzia
Phorusrhacinae

indet.

Phoenicopteridae
Megapalaelodus
Rallidae
Dendrocheninae
Anatini
Rheidae

62.5

Andalhualá
formation

Late Miocene–
Early
Pliocene

Andalgalornis
Procariama
Mesembriornis
Geranoaetus

Palaeolodidae indet.
Megapalaelodus

66.6

Pisco
formation

Late Miocene–
Early
Pliocene

Sulidae
Lariidae
Pelagornithidae
Procellariidae
Scolopacidae
Pelecanidae
Diomedeidae
Phalacrocoracidae
Vulturidae
Ciconidae

– 100

Bahia Inglesa
formation

Mio-Pliocene Pelagornithidae
Sulidae

– 100

Chapadmalal
formation

Pliocene Mesembriornis
Mesembriornithinae

nov. gen. et sp.
Vultur
Furnariidae
Charadrius
Calidris

Hinasuri
Tinamidae (2 spp.)

66.6

SALMA South American land mammal age

8 The Dominance of Zoophagous Birds: Just a Cliché? 91



birds, bill length or body mass are relevant (Hespenheide 1971). We calculate
Hutchinson ratios for the Santacrucian birds considering two variables, body mass
(as indicative of body size) and culmen length (as a gross indicative of food
indicator, although discussed by several workers), but the data obtained give no
indication of regularly spaced size ratios (Table 8.2). As we discussed in Chap. 7,
species of the Santacrucian zoophagous guild (63 %) include falconids (three
species), phorusrhacids (four species), cariamids (one species), ciconiiforms (one
species), anhingids (one species), and gruiform (one species). Likewise, we point
out two aspects: (1) except in two cases (Cariama santacrucencis and Anisolornis
excavatus), the estimated body masses do not overlap and (2) the culmen length
is similar in both Psilopterus species. Interestingly, one has twice the mass of the
other. Probably they, as other zoophagous birds, differ in their hunting methods
(best runners will be more effective pursuers), diet (proportion of meat, bones, and
invertebrate prey in the diet), and some cases in habitat. Indeed, morphological
information can provide some evidences for interspecific competition taking into
account that to establish this kind of relationship in the fossil record is problematic.

Table 8.1 also shows that there are birds with more than 10 kg of body mass in
8 of the 13 localities and in all the cases, they are represented only by phorus-
rhacids and rheids. Nowadays, in South America, zoophagous birds exceeding 10
kg are the minority; to name a few, the condors weigh between 10 and 12 kg and
the albatross between 8 and 10 kg (Dunning 2008).

It is known that predators and prey interact in a wide diversity of ways (Newton
1998; Krause and Ruxton 2002; Caro 2005). To predict the outcomes of predator–
prey interactions seems to be really difficult in extant species (Quinn et al. 2008).
So, what can we say about the possible interaction between predators that co-
habitat in the same space? It seems that the biggest zoophagous have a strong
dominance on the smaller zoophagous. However, we left for the future to explore

Table 8.2 Hutchinson’s (1959) ratios calculated for the Santacrucian zoophagous birds

Taxa Body mass (kg)a Culmen length (cm) Hutchinson’s ratiosb

Body mass Culmen length

Phorusrhacos longissimus 93 – 3.57 –
Patagornis marshi 26 25.19 3.25 1.87
Psilopterus lemoinei 8 13.4 1.77 1.13
Psilopterus bachmanni 4.5 11.8 2.36 1.74
Thegornis musculosus 1.9 1.5 1.26 4.52
Cariama santacrucensis 1.5 6.78 1.04 –
Anisolornis excavatus 1.43 – 1.47 –
Liptornis hesternus 0.97 – 4.61 –
Badiostes patagonicus 0.21 – – –
a According to Degrange et al. (2012). Species were arranged according to a decreasing body
mass
b Ecologists recognize 1.3 as a critical value of this ratio which commonly facilitates coexistence.
Species are deemed to be too similar to coexist if the ratio is below this value (see Hutchinson
1959; Wiens 1982)
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this very attractive idea, i.e., the possible dominance of some zoophages over
others in each particular environment. For this, it will be necessary to deepen the
analysis studying the ecological framework, although it is known that the feeding
relationships are usually complex and must be taken into account, if we have
general theories of the structure of animal communities (Vezina 1985).

Few are the localities where there is a mixture of zoophagous birds. Only in 4 of
the 13 localities (Santa Cruz, Chapadmalal, Ituzaingó, and Puerto Madryn) volant,
aquatic, and terrestrial zoophagous are present. In these cases, the zoophagous
diversity may reflect the presence of diverse environments. Meanwhile, in three
localities (the marine La Meseta, Pisco, and Bahía Inglesa Formations), the aquatic
zoophagous are dominant. In the other extreme, the Andalhualá Formation is
basically dominated by terrestrial zoophagous birds (the terror birds).

Any study that intends to establish the trophic relationships or any other eco-
logical frame requires paleoecological, morphological, and functional studies in-
depth. Much progress has been made in this direction but still some studies are
lacking, such as depth studies in which the record permits and in other cases where
it is not possible until the discovery of new fossils.

Independently of the paleoecological relationships that can be established in the
future, within the South American zoophagous birds very striking bird lineages
outstand: teratorns and phorusrhacids. The latter especially has a set of morpho-
logical characteristics that have not been developed in any other group of birds.

Next, we comment about these two fantastic birds’ lineages and other typical
zoophagous birds that share or compete with (falcons, hawks, eagles, and vultures).

8.1 Teratorns

Teratornithidae constitute an extinct lineage of volant birds from big to giant body
size, related with the Ciconiiformes and in particular with the Cathartidae (Olson
1985; Mayr 2009). However, there is still controversy about their affinities (Suárez
and Olson 2009; Cenizo et al. 2011). Their biggest representation and diversity are
recorded in the Pleistocene of North America (Florida, Arizona, Nevada, México,
and California), although some remains have been recorded in Cuba, Perú, Brazil,
and Argentina. The fossil record supports an origin in South America concomitant
with the development of open environments (Campbell and Tonni 1980, 1981,
1983). It is plausible that teratorns reached North America by the Pleistocene
(or Late Pliocene).

Six genera of Teratornithidae have been described: Teratornis, Cathartornis,
and Aiolornis from USA, Oscaravis from Cuba, Taubatornis from Brazil, and
Argentavis from Argentina.

Oscaravis olsoni from the Pleistocene of Cuba is the only insular member of
this family and points out that the Teratornithidae were able to disperse crossing
oceanic barriers (Olson and Alvarenga 2002). According to this, it can be
hypothesized that the dispersion to North America was not conditioned by the
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presence of a land bridge and the dispersion could occurr anterior to the definitive
Panamanian isthmus (circa 3 million years ago, Suárez and Olson 2009).

Taubatornis campbelli based on the distal portion of a left ulna and tibiotarsus
(Olson and Alvarenga 2002) is a small Teratornithidae and corresponds to the
oldest record of the family (Late Oligocene-Early Miocene).

Without doubt, the most astonishing teratorn is Argentavis magnifiscens whose
remains have been recovered from the Miocene of the Cerro Azul Formation in La
Pampa Province (Campbell and Tonni 1980; Cenizo et al. 2011) and in the Pliocene
of the Andalhualá Formation from Catamarca Province, both from Argentina
(Fig. 7.5). It has been suggested several times that Argentavis was the biggest flying
bird from all times (Campbell and Tonni 1980, 1981, 1983; Campbell 1995; Vizcaíno
and Fariña 1999), whose body mass raised up about 72 kg (Chatterjee et al. 2007).

The Teratornithidae trophic habit and flying style have been subjects of debate in
the scientific literature. The amazing abundance of specimens recovered in the
asphaltic deposits of Rancho La Brea in California (USA) allowed to suggest a
scavenger habit taking advantage of the corpses that were entangled in the tar (Miller
1925; Fisher 1945; Howard 1962). A different proposal, although poorly accepted,
was sustained by Campbell and Tonni (1981, 1983) who suggested that based on the
quadrate mobility and the mandible opening, these birds were predators with the
possibility to swallow their whole preys. Hertel (1995) proposed a piscivorous habit
and eventually scavenger for Teratronis. Almost two decades after its original
description (Campbell and Tonni 1980), estimating the home-range amplitude and
the metabolic rate of Argentavis magnificens, the scavenger hypothesis is regaining
strength (Vizcaíno and Fariña 1999), at least for the giant teratorn.

Although it is widely accepted the soaring flying style for these birds, its take-
off capabilities are still controversial (running or jumping from heights (Campbell
and Tonni 1983; Chatterjee et al. 2007; Vizcaíno and Fariña 1999).

8.2 Phorusrhacids

Phorusrhacids are large, land predator, nonaquatic, and poorly or nonvolant birds.
These extinct Cariamiformes related to the extant seriemas (Andrews 1899;
Alvarenga and Höfling 2003; Alvarenga et al. 2011; Agnolín 2009), are the most
characteristic, diverse, and staring birds from the South American Cenozoic. With a
very vast fossil record, these birds are distributed from the Eocene to the Pleistocene
coming from Argentina (Degrange 2012), Brazil (Alvarenga et al. 2010), Uruguay
(Montenegro et al. 2010; Tambussi et al. 1999), USA (Brodkorb 1963; Chandler
1994; Baskin 1995; MacFadden et al. 2007), and Africa (Mourer-Chauviré et al.
2011). Recently, some isolated remains from the middle Eocene of Europe have been
reported as belonging to phorusrhacids (Angst and Bufeaut 2012a, b).

Phorusrhacidae include the Psilopterinae (small and gracile; Palaeocene
to Pliocene), Mesembriornithinae (mid to big size, gracile-legged; Miocene to
Pliocene), Patagornithinae (mid-sized; Oligocene to Pliocene), Phorusrhacinae
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(mostly large, gracile-legged; Miocene to Pleistocene), and Physornithinae
(gigantic, robust; Oligocene). Due to the huge size of some of these birds, the term
‘‘terror birds’’ was raised in the popular and scientific literature. However, this
term can produce confusion, because not all phorusrhacids are huge and therefore
they are not ‘‘terror birds’’ in this sense (Degrange 2012).

In general, these birds are characterized by their elongated hindlimbs, narrow
pelvis, reduced forelimbs, and their huge skull with their tall, long, narrow, and
hollow beaks ended in a hook. In particular, the structure and design of the beak are
exclusive features of the phorusrhacids, absent in any other avian, extinct or extant.
Likewise, and contrary to the remainder Neornithes, phorusrhacids have lost their
capacity to flexionate dorsoventrally their beak (a quality known as avian kinesis).
This cranian immobility (akinesis) is unknown in other predator birds. The akinesis
together with the shape of the beak (Degrange 2012; Degrange et al. 2010a, b) and the
structure of the neck (Tambussi et al. 2012) are very appropriate to kill. Two recent
studies deepen these aspects. A finite element and a biomechanical analysis applied
to Andalgalornis steulleti suggests that the skull would be prepared to make sudden
movements in the sagittal plane to subdue prey (Degrange et al. 2010a). The second
one says that the musculoskeletal system of Andalgalornis’ neck seems to be pre-
pared to support a particularly big head during normal stance, and to help the neck
(and the head) rising after the maximum ventroflexion during a strike (Tambussi et al.
2012). These are important starting points for inferring the behavior of these big
headed birds with high and compressed beaks.

Some metric values calculated by Degrange (2012) using different techniques,
clearly demonstrate that phorusrhacids were medium to giant birds. For example,
body mass estimations extend from 4.5 (Psilopterus bachmani) to 120 kg or more
(Phorusrhacos longissimus). For those in which it was possible to estimate the
height, the values range from 88 cm (Procariama simplex), 162 cm (Mesembriornis
milneedwarsi), or 125 cm (Andalgalornis steulleti). There is no, and nor was, any
other place in the world where terrestrial predatory birds have evolved to this size.

Phorusrhacids dominated the terrestrial environment throughout the Cenozoic,
as emphasized by the unusually large body size of some species as well as their
numerical predominance with respect to other birds. They consist of several ter-
restrial species and are found almost exclusively in open habitats. Landscape
heterogeneity may be important for these birds not only at regional but also at
microscale, that is, the refinement in the environmental reconstruction is para-
mount. In other words, habitat heterogeneity had been important for phorusrhacid
species richness in South America. It is not a trivial matter to analyze this problem
in the future, but is not the approach here.

Phorusrhacids decline in diversity toward the end of the Pliocene and their last
records in South America date from the Pleistocene (Tambussi et al. 1999; Alvarenga
et al. 2010; Montenegro et al. 2010). There are two explanatory hypotheses proposed
for this decline, either for environmental reasons or direct competition (at least for the
larger phorusrhacids) with placental carnivore’s immigrants to South America after
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the setting of the Panamanian bridge. Especially, the second hypothesis requires deep
analysis of the trophic relationships established in South America before and after the
Great American Biotic Interchange.

8.3 Falcons, Eagles, Condors, Vultures, and Owls

Together with Phorusrhacids and Teratorns, few other taxa formed the set of South
American Cenozoic zoophagous birds.

Falcons (Falconidae) represent a largely distributed lineage of raptorial birds,
but unfortunately very poorly represented in the fossil record. They show diverse
behaviors, encompassing both the aerial swift hunting falcons and the neotropical
generalists and carrion-eating caracaras. In falcons, their strategy of capture
generally consists of striking their prey in flight, but they kill them by the action of
the beak on the neck, breaking the spinal vertebrae and damaging the medulla
(Sustaita 2008).

In the case of the Polyborinae caracaras (=Caracarinae), the trophic habits are
clearly scavengers and the morphology of their hindlimbs is quite different from
the rest of the falcons, with long tarsometatarsus. They represent a morphological
conservative taxon since their first records in the Eocene of the Antarctica.

Eagles and Hawks (Accipitridae) are zoophagous birds from small to big size,
with a high degree of morphological disparity, distributed all over the world,
except Antarctica. Accipitridae are characterized by the conspicuous beak hook
and their powerful talons equipped with strongly curveted claws and by a wide
variation in wing shape according to the environment where they live (Thiollay
1994). They tend to suffocate their prey or to perforate the prey’s lungs using their
mighty talons (Sustaita 2008). As in the case of the Falconidae, their fossil record
is very scarce.

Traditionally, the Cathartidae or ‘‘new world vultures’’ have been related with
the diurnal raptors (Accipitridae and Falconidae). However, since a few decades,
based on molecular studies, they have been placed within the Ciconiiformes
(Sibley and Ahlquist 1990). Cathartidae are characteristic birds by their soaring
flying style and their feeding based on carrion (Hertel 1994). Feathers of the head
and neck are absent, the beak has a sharp cutting edge and is distally curved.
Usually, they feed stepping on their prey and pull out the rotten meat through
strong pullbacks (Houston 1994).

While its current distribution is American, there are some fossil records of
Cathartidae from the Eocene and Oligocene of France (Oberholser 1899; Gaillard
1908), which indicate that their actual distribution may be relictual (Mayr 2005).
Contrary to falcons and eagles, the fossil record of Cathartidae is quite abundant.
The oldest record comes from the Middle to Late Eocene of France (Mourer-
Chauviré 2002). In North America, the oldest records correspond to the species
Palaeogyps prodromus and Phasmagyps patritus form the Oligocene of Colorado
(Wetmore 1927). As the Teratornithidae, the Cathartidae achieve a big diversity in
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the Pleistocene of USA, including vultures (Breagyps, Cathartes, and Coragyps)
and condors (Hadrogyps, Pliogyps, Aizenogyps, Geronogyps, and Gymnogyps)
indicating that both forms were equally diverse.

Unlike North America and with the exception of Brasilogyps, the South
American fossil record is fundamentally represented by condors (Tambussi and
Noriega 1996; Alvarenga et al. 2008). It is worthy to mention here that the oldest
condors from South America are Perugyps diazi from the Middle Miocene to Early
Pliocene of Perú, meanwhile Dryornis pampeanus and Vultur gryphus, both from
the Early to Middle Pliocene (Tonni and Noriega 1998; Tambussi and Noriega
1999) are the oldest records for condors in the Argentinean Pampean region.

Pleistocene birds will not receive further attention in this work, but the fossil
record of condors during this epoch is so vast that it is worthy to mention it here.
In Peru, the condors Geronogyps reliquus, Gymnogyps howardae, Sarcoramphus
fisheri, Vultur, Coragyps, and Cathartes have been recorded and they are all
genera with extant representatives and the last three possibly belong to the extant
species (Campbell 1979; Tambussi and Noriega 1999; Stucchi and Emslie 2005;
Alvarenga et al. 2008).

Geronogyps reliquus is the only condor species of the extinct genus Geronogyps,
originally described for the Late Pleistocene of Peru and discovered more than
3,000 km to the southeast in the Pleistocene s.l. of Buenos Aires and Late Pleistocene
of Entre Ríos in Argentina (Tonni and Noriega 1998; Tambussi and Noriega 1999;
Noriega and Tonni 2007). Also, for the Pleistocene of the Pampean region
Sarcoramphus papa is reported more than 700 km south to the most austral limit of
the actual distribution of this taxon (Noriega et al. 2002; Noriega and Areta 2005).

It is registered in Bolivia Sarcoramphus patruus, and in Brazil the species
Pleistovultur nevesi, Vultur gryphus, and Wingegyps cartellei and one indeter-
minate species of Cathartidae from the Late Pleistocene to Early Holocene
(Alvarenga 1998; Alvarenga and Olson 2004; Alvarenga et al. 2008).

Wingegyps cartellei is a small enigmatic condor with characters remarkably
similar to the living California condor Gymnogyps (Alvarenga and Olson 2004).
During the Pleistocene, Gymnogyps was widespread across the Americas.

We highlight here the findings in Cuba of Sarcoramphus sp. and Gymnogyps
varonai which allows to infer dispersion through maritime ways (Tambussi and
Noriega 1999; Noriega and Areta 2005).

The wide diversity of Cathartidae during the South American Pleistocene is
probably related with the diversity of the megafauna and with a niche distribution
similar to that observed in the old world vultures (Accipitridae) (Alvarenga et al.
2008). The diminishing in the species richness would occur toward the end of the
Pleistocene, concomitantly with the development of wide forested areas and the
retraction of the megafauna (Tonni and Noriega 1998; Alvarenga et al. 2008).
In South America, the availability of carcasses of these huge mammals could
consist in the main source of food for these scavenger birds (Emslie 1987; Tonni
and Noriega 1998; Alvarenga et al. 2008).

The earliest representatives of the owls (Strigiformes), a group of birds that
typically hunt mammals during the night, are from the Late Paleocene of North
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America and France. Characteristic pellets containing remains of small mammals
occur at a Late Paleocene locality in China. The fossil record of Strigiformes is
one of the most extensive among the neornithine birds, but restricted geographi-
cally to Europe and North America (Kurochkin and Dyke 2011). Brodkorb (1971)
listed some 41 extinct species of owls, 11 of which were Tytonidae, 5 were
Protostrigidae, and 25 were Strigidae. In South America, the only record for a
Strigidae comes from the Pinturas Formation (Early Miocene).

8.4 A Holistic View: The Zoophagous Bird Landscape

Viewing all again, a dramatic turnover occurred after the end of the Cretaceous,
and mammals were facing a completely different scenario. At the beginning of the
Paleocene, terrestrial carnivores included crocodiles, snakes, and lizards that were
potential predators and could have hunted mammals or other reptiles, including
birds (Tambussi 2011). But if something is known of South America it is the
variety of nonmammalian carnivores that dominated there. This is a different
situation from the rest of the world in which both the carnivore and the herbivore
role is dominated by placental mammals. So, a peculiar feature of earliest
Cenozoic ecosystems is the absence of large placental mammal predators.

More specifically, the South American vertebrate Cenozoic record is well
known for its impressive assemblage of zoophagous birds. Of particular interest
are the diversity and large number of phorusrhacid specimens. Within the
Phorusrhacidae, we see the first birds to occupy an ecological niche as large
cursorial predators in South America.

During the Paleocene to Pliocene times, the extinct carnivorous Sparassodonta
(Hathliacynidae and Borhyaenidae) also evolved in South America occupying the
adaptive zone for large mammalian predators of terrestrial ecosystems. This group
of metatherian mammals includes different morphotypes ranging from opossum to
bear sizes. Tooth architecture was purely carnivore and some taxa were bone-
eaters (Forasiepi et al. 2007). Large flightless birds and large sparassodonts pos-
sibly have competed for some identical resources in South America. Other
members of the zoophagous bird fauna include falcons, accipitrids, storks and
allies, anhingids, condors, vulture-like condors, owls, and teratorns.
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Chapter 9
Bio-Connections Between Southern
Continents: What is and What is Not
Possible to Conclude

Geological data documents a dynamic physical environment on all timescales from
the Cretaceous through the Holocene for South America. Roughly, from the Early
Paleocene to the Pleistocene the South American environments showed a climate
change from warm, wet, and non-seasonal (Paleocene to Eocene) to cold and dry
(Middle Eocene to Early Oligocene) to seasonal climate (Middle to Late Miocene)
(Ortiz Jaureguizar and Cladera 2006; Barreda and Bellosi 2003; Barreda and
Palazzesi 2007) (Fig. 2.1). Terrestrial mean annual temperature for the Early
Paleogene ranged between 16 and 22 �C to southern South America, 23–27 in the
north and 9–15 in Antarctica (Hawking et al. 2006). Lowland swamp and fluvial
environments characterized Paleocene scenarios. An increase of uplands started in
the Late Eocene (ca. 40 million years ago). These changes were apparently
accompanied by a transition from balanced subtropical woodlands and grasslands
to predominantly grassland ecosystems.

The geologic development over time of the Andes Mountain has modified the
global and regional climates; the mountain forms a pronounced topographic barrier
to the atmospheric circulation and the distribution of rainfall (Graham 2005).
Complete Andean orogeny occurred in pulses; the Patagonian Andes’ main uplift
dates to 26–28 million years ago and the most recent event was dated to 6–10
million years ago (Blisniuk et al. 2005). The rain shadow effects of the former
created a narrow area with low precipitation (\300 mm year) which extends from
2 to 52 degrees south (Chacón et al. 2012) known as the South American Arid
Diagonal. Geologic data shows that this climatic pattern seems to have begun to
settle from the Miocene uplift (ca. 15 million years ago). Since then, a drastic
increase in aridity occurred (Blisniuk et al. 2005). If this is so, it could be expected
that the biota exhibit some appearances, extinctions, extirpations, or changes in
some (or all) of its components. At this point, the question is how much of the
avian fossil record corresponds (or if it does) with these geographic and physi-
ognomic patterns. We cannot fully answer this question, but we can offer some
plausible hypotheses and explanations.

C. P. Tambussi and F. J. Degrange, South American and Antarctic Continental Cenozoic Birds,
SpringerBriefs in Earth System Sciences, DOI: 10.1007/978-94-007-5467-6_9,
� The Author(s) 2013
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At present only Neotropics hosts more than 3,150 species of birds. As seen in
the previous sections of this work, the South American Cenozoic avian fossil
record is far from reaching a similar figure. The largest gap in our knowledge
concerns very small birds, which usually are preserved only under special cir-
cumstances and finding depends on delicate and meticulous samples. Even
remotely, we could make reasonable assumptions about the origin of the current
diversity patterns based solely on the fossil record and, in coincidence with many
other authors (e.g., Cracraft 2001), we can argue that it is inevitable to take into
account the phylogenetic information to build one scientifically accurate idea.
Hence, the evolutionary timeframe of the avian biota can only be inferred using
alternative time constraints (Hunn and Upchurch 2001). But it is possible to
analyze, understanding the limitations imposed by the fossil evidence, some bio-
connections that may have occurred during the Cenozoic while the Andean
orogeny and the continental drift modeled the South American and Antarctic
scenarios.

The South American’s avian fossil record is scarce (Mayr 2007, Mayr 2009;
Tambussi 2011) and it is particularly to the pivotal interval of time for plant and
animal evolution, the Paleogene. As such, this record sheds little light on the
critical interval when the ancestral stocks of many extant clades are thought to
have arrived or diversified in South America.

The earliest record of Neornithes for South America comes from sediments for
the Danian-Selandiano limit (*61.7 Ma) (Degrange et al. 2006) and specimens
consist of two downy feathers. Late Paleocene Itaboraian (*58 Ma) birds are the
oldest South American fossil Neornithes association represented by skeletal
remains. Only postcranial elements of four genera are known (Diogenornis,
Paleopsilopterus, Eutreptodactylus, and Itaboravis), none of which has been
reported from other Paleocene avifaunas (Mayr et al. 2011). Both Diogenornis
fragilis and Paleopsilopterus itaboraiensis have no (or little) flight capabilities.

For biogeographers, dispersal strategies of the biota are critical to establishing
landmasses’ bio-connections. Whereas flightless birds have to depend on tectonic
plate movement or land bridges to get around, flight birds can use other dispersion
strategies (active flying, soaring, swimming, or rafting). Due to their long-distance
dispersal capabilities, flying birds do not provide critical evidence for revealing
ancient biogeographic patterns. At the opposite end are the obligate terrestrial
birds. Over geologic time, the loss of flying ability has taken place in many
different families of birds and members of which 18 extant bird families are
flightless. Indeed, five of the South American Paleogene birds recorded were
supposedly flightless.

Returning to Diogenornis, it is the oldest known ratite and has been identified as
a rheid (Alvarenga 1983) or a ratite related to the Casuariidae (Alvarenga 2010).
Living ratites include five species of kiwis (New Zealand), three species of cas-
sowaries (Australia and New Guinea), the emu (Australia), two species of rheas
(South America), and the ostrich (Africa) plus two recently extinguished groups,
the New Zealand moas and the elephant birds from Madagascar. All these species
are flightless and they have a current distribution on isolated southern land masses.
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The prevailing vision is that ratites are monophyletic, with the flighted tinamous as
their sister group, suggesting a single loss of flight in the common ancestry of
ratites (but see Harshman et al. 2008).

Ornithologists have hypothesized that all ratites descended from a flightless
(or poor flight) ancestor that was widespread in Gondwana (see for instance
Cracraft 2001; Bourdon et al. 2009; Cubo 2003; Laurin et al. 2012), and vicariance
biogeography proved to be congruent with the ages estimated by the use of fossils.
Although the proposed phyletic branching patterns for ratites do not fit perfectly to
the timing of movements of the landmasses during the breakup of Gondwana, the
continental drift as a mechanistic explanation for ratite distribution is close to be
the most convenient (and popular in the literature as example of vicariance, e.g.,
large-scale geological events that influenced the distributions of multiple groups
simultaneously). For Harshman et al. (2008) the scenario is very different in both
the polyphyly of ratites and the loss of flight in more than one lineage. In this
context, living ratites are evidence of parallel evolutionary trajectories from
flighted ancestors. In any case, this dispute could only be resolved by collecting
more data or combining molecular and morphological data which results in a
consensus phylogeny.

Briggs (2003) suggested an early tertiary origin in South America for all the
ratites (because the oldest fossil record of Brazil) and a subsequent broad distri-
bution since the Paleocene, involving birds with some flying abilities that could
have reached North America and Europe. After that, they could have extended
southward to Africa and Madagascar. Such an early dispersal may have been
followed by a later Eocene migration from South America to Australia via
Antarctica.

Southern South America and Australia remained in contact through Antarctica
until the Paleogene (Woodburne and Case 1996) and dispersal was still potential
until the Oligocene (30–28 Ma) when the Drake Passage opened between these
continents allowing the establishment of the Antarctic circumpolar current and the
onset of the first Antarctic glaciations. The Antarctic migration route is indicated
by the report of an Eocene ratite from the Antarctic Peninsula (Tambussi et al.
1994). The presence of the ratite strongly supports the idea that West Antarctica
was used as dispersal route for obligate terrestrial organisms (Fig. 9.1). Moreover,
the trans-Antarctic dispersal between Australia and South America was signifi-
cantly more frequent than any other dispersal events involving other austral
landmasses (San Martin and Ronquist 2004). Paleogene fossil marsupials
(Woodburne and Case 1996) further document the importance of the trans-Ant-
arctic dispersal route.

Hawkins et al. (2005), Hawking et al. (2006) proposed that ‘‘species in clades
that initially evolved in the warm, wet climates of the Late Cretaceous to Eocene
have been extirpated from areas that have undergo the most severe climate change,
whereas clades that arose during the Miocene have radiated in areas were climates
became drier’’ (Hawking et al. 2006: 771). Perhaps this was the case of the Eocene
continental Antarctic avifauna. The already mentioned ratites with members of
Falconids Polyborinae (the only representative of the non-aquatic zoophagous
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style of life within this association), Ciconiiformes, Charadriiformes, Phoenicop-
teriformes, Pelagornithidae, Procellariidae, and Gaviiformes were the non-penguin
avian assemblages of the Eocene of La Meseta formation. We do not know what
happened after the Eocene–Early Oligocene because geological record of that time
is non-existent, but the truth is that all but one (Procellariidae) of these groups are
not represented in Antarctica today.

Fossils of pelagornithids (bony-toothed birds) have been reported from every
continent since the Paleocene to the end of the Pliocene. They were marine gliders
and maybe became extirpated from Antarctica during the ocean restructuring and
climatic upheavals at the Oligocene.

Extant loons (Gaviiformes, four species of the genus Gavia) are foot-propelled
divers found in North America and northern Eurasia. Loons had a more southerly
distribution than today, and their fossils have been found in California, Florida,
Italy, Austria, Chile, and Antarctica. The presence of a loon in the Eocene of La
Meseta Formation constitutes the more modern record of Gaviiformes in the
southern hemisphere and, also extends the permanence of this Holarctic lineage
since the Cretaceous to the Eocene in the southern hemisphere (Tambussi et al.
2012). Our current understanding of the dispersal process of birds is incomplete
and the position of Gaviiformes within the Neornithes context in under debate.
Explanations for this distributional pattern are pending.

South America and Africa started to move away since the early Cretaceous, at
about 135 Ma with the opening of the South Atlantic Ocean at the latitude of
Argentina. Northern South America and Africa remained connected until the mid-
Late Cretaceous (110–95 Ma) and after that, Africa began drifting northeast and
collided with Eurasia in the Paleocene (60 Ma). On its side, southern South

Fig. 9.1 Main avian dispersions inferred in South America during the Cenozoic according to the
fossil record. a Paleogene. b Neogene. A aereal (flying) dispersion; T terrestral dispersion; R
dispersion through rafting
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America drifted southwest into contact with Antarctica (San Martin and Ronquist
2004). The finding of a phorusrhacids in the Eocene of Africa has fundamental
connotations and revitalizes the interest to understand the evolution and distri-
bution of these birds.

Phorusrhacids consist of several terrestrial species of Cariamiformes (an ancient
order that is now known not to be closely related to any other living birds)
recorded since the Eocene to the Pleistocene of Uruguay, Argentina, Brazil, United
State of America, and Africa. Previous reports of European phorusrhacids (Mourer
Chauviré 1981; Peters 1987) have been dismissed but now, a re-examination of a
fragmentary tarsometatarsus and several phalanges of old collections allow Angst
and Buffetaut (2012a, b) to support again the presence of phorusrhacids during the
Middle Eocene of France. If this is so, this record strongly suggests that the
European bird was a trans-Tethyan Paleogene scattered. Faunal exchange between
Africa and Europe during the Eocene is also sustained by other evidences (turtles,
ziphodont crocodiles, placental, and marsupial mammals, see Gheerbrant and
Rage 2006). Therefore, it is not surprising that an animal of the Patagornis size
traversed the distance between Africa and Laurasia at that time and was one of the
many African migrants to Europe. The position of this European taxon in the
context of Phorusrhacidae is still unknown. And so is it of the newly discovered
African phorusrhacid, Lavocatavis africana named on the basis of a femur
(Mourer-Chauviré et al. 2011) recovered in Late Eocene sediments of the Glib
Zegdou formation in western Algeria (*48 Ma).

But the identification of the center of origin of the family Phorusrhacidae
remains highly hypothetical, the fossil evidence might suggest a South American
origin (?Early Paleocene). While only two species are known from the early
Eocene of South America, all types of Phorusrhacids are present at the Oligocene,
even those which seem more derivated (Degrange 2012). Then it could be assumed
a rapid Eocene radiation which worsened during Oligocene times. Assuming that
the systematic position of Lavocatavis is correct, it would imply a very early
dispersal from America to Africa. This is one of the hypotheses of Mourer-
Chauviré and coauthors (2011) and involves scattering mechanisms.

South America and Africa were already separated by the time that Lavocatavis
evolved (Eocene). The last link that connected Africa to another continent (i.e.,
South America) was by Cretaceous (Albian–Aptian) ruling out a land migration
from America to Africa. Throughout 75 million years, between the Mid-Creta-
ceous to the Early Miocene, Africa was isolated (Gheerbrant and Rage 2006). One
possibility is that the precursor of Lavocatavis arrived in Africa by rafting across
the prehistoric Atlantic Ocean from east to west. Although some authors dismiss
the possibility of survival in open ocean waters because solar radiation, intense
changes in temperature, or lack of food or water, it is conceivable that terrestrial
vertebrates on floating islands survive long oceanic transport (Kappeler 2000;
Samonds et al. 2012).

Prior to 48 million years ago, the northeast portion of South America was
significantly closer to Africa (ca. 1,000 km) than it is at present (2,600 km) and
very large islands that existed on what are now the submerged Rio Grande Rise
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and Walvis Ridge (de Oliveira et al. 2008). These Islands may have provided a
stepping-stone route across the proto-Atlantic Sea to the hypothetical Lavocatavis
flightless ancestor.

Another option is that the ancestors of the African form could fly [in the same
way as some of the South American Psilopterinae could do it according to Tonni
and Tambussi (1988) and Degrange (2012)], and perhaps may have flown to Africa
and evolved in more or less the same way as those which remained in South
America. This would imply that two separate lineages of the same group evolved
in the same manner (i.e., tendency to flightless and cursoriality). Although a
cursorial lifestyle can result in morphological convergence or parallelism,
morphology of the femora of Lavocatavis and that of the remainder phorusrhacids
are almost exactly the same. Multiple losses of flying capabilities, with the
implication of greater dispersal aptitudes for ancestral phorusrhacids, make this
model less compelling.

We are thinking in a third potential scenario following others’ reasoning. First,
Africa appears to have been the first continent that became isolated in the breakup
of Gondwana and, at least from a paleobiological point of view, it was more
strongly related to Laurasia than to any Gondwanan continent (Gheerbrant and
Rage 2006). Second, it has long been recognized that adaptation to a flightless,
cursorial lifestyle can result in morphological convergence or parallelism, espe-
cially in the postcranial skeleton (Davies 2002). Taking these altogether, a possible
alternative scenario could be considered in which the European and African forms
were not related with the American Phorusrhacidae, and the similarity could reflect
convergent adaptation to a flightless, cursorial lifestyle (such us those hypothe-
sized in some European non-phorusrhacid Cariamiformes as Salmila or
Elaphrocnemus). Unfortunately we do not have good phylogenies containing all the
extinguished Cariamiformes (and other giant and flightless birds) and the expec-
tations are low because little more than a nearly-complete right femur is available
(in the case of Lavocatasis) which is not a high informative bone in the systematic
field. Although all these hypotheses have been built by making use of pertinent
arguments, this does not allow a single simple explanation for the connections
between the South American and African forms, and the problem still remains.

Aves from the richly fossiliferous Santa Cruz Formation (Late-early Miocene),
are taxonomically the most diverse in terms of known avian genera of all Tertiary
faunas on South America. Nine families, 15 genera and at least 18 species were
present at the Santacrucian association. Four of them correspond to phorusrhacids
and the remainder 13 belong to ecomorphs which are also represented in modern
faunas (Tambussi 2011). Many different data sources (carbon isotopes, Blisniuk
et al. 2005; fossil xenarthrans, Vizcaíno et al. 2006; palynological information,
Barreda and Palazzesi 2007) allowed to characterize the Santacrucian environ-
ments with a balanced presence of woodlands and grasslands in relatively dry
conditions.

Representatives of some of these families have current distributions further
north. To name some, darters (Anhingidae) have a Pantropical distribution with
only two species (Anhinga anhinga and A. melanogaster) living in tropical
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America, Africa, Asia, and Australia. The distribution of the sister taxon of the
extinct Thegornis musculosus (Falconidae), the Laughing Falcon Herpetotheres, is
found from both coastal Mexico through Central and South America to Paraguay
and northern Argentina. The modern representative of Cariama (Cariama cristata)
is found from eastern Brazil to central Argentina. Again, this seems to reflect the
assumption of Hawkins and colleagues on the diversification of fauna during the
Miocene: ‘‘…clades that arose during the Miocene have radiated in areas were
climates became drier’’ (Hawking et al. 2006: 771).

The early appearance of a typically Pampean bird fauna recognizable at the
Pampean region is estimated at 10 Ma to *6 million years at approximately
35� S. Possible scenarios for that time are made up of open environments, maybe
xerophyllous shrubby steppes and some forest (Cenizo and Agnolín 2010).

North and South America became connected during the middle Cretaceous
across the proto-Caribbean archipelago, located to the west than it is at present.
The connection was interrupted by the early Eocene about 49 million years ago.
Significant faunal exchange would have taken place across both Americas
involving a first dispersal of placental and marsupial mammals. About 15 million
years ago, both Americas became connected again via the Panama Island Arc (a
series of emergent platforms that made up transitory, discontinuous land routes)
and then across the Panama Isthmus (Montes et al. 2012). This new connection
established a new biotic exchange known as the Great American Interchange
(GAI) which is thought to have been predominantly southward (but read below).

The deep effect of the GAI in shaping New World mammalian diversity is well
documented due to the fossil record, but its influence on the avian diversity pat-
terns of South America is still a matter of opinion since the classic work ‘‘Fossil
and recent avifaunas and the interamerican exchange’’ written over three decades
ago by Vuilleumier (1985).

As we mentioned, birds lack a good fossil record, especially from tropical
latitudes, and consequently the effects of land bridge formation on avian inter-
change is difficult to understand. Because of its ability to fly, birds are good
dispersers and it was thought that the isolation between the Americas and its
subsequent connection, would not have influenced the distribution of birds. The
discussion of the importance of this event in exchange of birds remained in a great
impasse. Recent advances in the field of phylogeography (the history and for-
mation of species) aroused new hopes although results are emerging.

Few recent avian molecular studies focused on the relevance of the formation of
the isthmus in avian diversification patterns but are restricted to few families of
passerine (e.g., Barker 2007; Burns and Racicot 2009; Weir et al. 2008) or trogons
(DaCosta and Klicka 2008). The main focus of those contributions was to evaluate
the timing of diversification and direction of dispersals and they arrived at non-
linear results. For example, hypotheses include that most dispersal events occurred
before the final isthmus formation (Weir et al. 2008), after (Barker 2007; DaCosta
and Klicka 2008), or during final closure (Pérez-Emán 2005). Evaluations about
rates of interchange of Weir and colleagues (2009) show an increment after land
bridge completion in tropical forest-specializing groups, but not in habitat
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generalists. Also, they proposed a south to north direction of the traffic after the
isthmus completion (in contrast to mammals) but a north to south transfer before.
The later study is restricted to four families of passerines (although it is not stated
in the title) and makes clear that the history of the birds across the Panamanian
Isthmus must have been complex and different for each individual group. As
always, generalizations could be controversial.

A different source of molecular evidences provides contradictory explanations
about early passerines diversification. Ericson et al. (2002) recognized both east
and west Gondwanan suboscines clades, being the neotropical suboscines
(Tyrannides) descendants of the latter. Irestedt et al. (2002: 507) said: ‘‘the South
American groups could well have originated in the far south of that continent, or
even on Antarctica, which had a pleasant climate up until the early Miocene’’. This
view serves as a fuel injection to paleontologists who look for fossils every austral
summer in Antarctica.

Crisci et al. (1991) suggested that South American biota have two components
with different biogeographic affinities, one northern tropical and a second southern
temperate component. The dispersal events between these two components are
lower than that between northern South America and the Holarctic (San Martin
and Ronquist 2004). Again, partial responses returned from fossils and it is
important to recognize the complexity of the situation rather than a priori assume a
single explanation.

Condors seem to have had a North American origin with a posterior shift to
South America possibly using the coastal western side of the Andes (Emslie 1988;
Stucchi and Emslie 2005; Tambussi 2011). The fossil record suggested that they
were more diverse in the past and Perugyps diazi indicates that condors were
present in South America by the Late Miocene to early Pliocene. During the Plio-
Pleistocene they speedily spread out of the continent, occupying much of the
Pampas and Brazil where their record fossil is abundant (Tambussi and Noriega
1999; Tonni and Noriega 1998). The interpretation of the fossil evidence suggests
dispersion prior to the permanent establishment of the isthmus but dispersal may
have been more important later.

Galliformes fossil record is near absent in South American localities even of the
two most primitive families with predominantly southern hemisphere distribution
(Megapodiidae and Cracidae). Interestingly, the fossil record of galliformes is
significantly older in the northern hemisphere than it is in Gondwana (Mayr 2009).

Fossil parrots are very scarce and restricted to the Pleistocene of the Pampean
Region in Argentina and Uruguay. Molecular studies were also applied to the
Neotropical Amazona (Psittaciformes), and divergence-date estimates that diver-
sification of the group in South America occurred rapidly during the Pleistocene
but they arrived in Middle America after the connection between both landmasses
(Eberhard and Bermingham 2004).

Most extant South American bird lineages are not known from the fossil record.
Phylogenies that include South American birds are underrepresented in the avail-
able molecular studies. Our current comprehension of dispersal processes is still
fragmentary and we need to understand the underlying mechanisms in much more
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detail. The relative significance of dispersal, vicariance, extirpations, or extinctions
in shaping the evolutionary history and/or biogeographic pattern of birds remains
hard to evaluate. And in many aspects, the fossil record remains silent.
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