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In this contribution we report a fossil avian egg with an exceptional preservation. This material was recovered
from sediments assigned to the Late Pleistocene-Early Holocene of Uruguay and it could be included as one of the
few Cenozoic cases of complete preservation of fossil avian eggs. The micro and macrostructural analysis of the
egg and its eggshell allow us to assign it to Family Tinamidae.

1. Introduction

Fossil eggs and clutches are better known in Mesozoic than Cenozoic
units, assigned mostly to dinosaur eggs (for a revision of fossil eggs re-
cord see Carpenter et al., 1994; Mikhailov, 1997; Hechenleitner et al.,
2015, Deeming and Ruta, 2015). The fossil record during Pleistocene
and Holocene includes several eggshell fragments and embryos of
Elephant birds (Aepyornithidae) from Madagascar (Balanoff and Rowe,
2007; Angst et al., 2015), Mihirungs (Dromornhithidae) from Australia
(Miller et al., 1999; Angst et al., 2015; Grellet-Tinner et al., 2016) and
Moas from New Zealand (Anderson, 1989; Gill, 2006; Huynen et al.,
2010). In addition, there are reports of eggshell fragments of sea birds
from the Pleistocene of Bermuda (e.g. Olson and Hearty, 2003, 2013). It
is remarkable the intact condition of the Fratercula dowi eggs from the
Late Pleistocene of California (Guthrie et al., 2000) and a near intact
penguin egg from the Holocene of New Zealand (Ksepka, 2011).

In South America is usual to find Rheidae eggshells in archaeological
sites (Apolinaire and Turnes, 2008). There are records of eggshells
assigned to Rhea pennata from the Holocene of Argentina (Medina et al.,
2011a; 2011b, 2019 and references therein), and eggshells of Rhea
americana from the Late Holocene of Uruguay (e.g. Brum, 2009).

Tinamous have a scant South American fossil record represented by
fragmentary bone remains spanning the last 17 million years (Tonni,
1977; Tambussi and Tonni, 1985; Tambussi, 1987, 1989; Chiappe,
1991; Tambussi et al., 1993; Tambussi and Noriega, 1996; Bertelli and
Chiappe, 2005; Cenizo et al., 2012). All Cenozoic records are limited to
Argentina and only Pleistocene remains are also known from Peru and
Brazil (Brodkorb, 1963; Campbell, 1979). The most Quaternary
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tinamous have been assigned to living species with the exception of
Nothura paludosa Mercerat (1897) and an unnamed species of Nothura,
both from the Pleistocene of Argentina (Mercerat, 1897; Picasso and
Degrange, 2009).

In this contribution we report an exceptionally well preserved fossil
egg assigned to a tinamid bird, which represent the first record of a fossil
avian egg from Uruguay and the first complete fossil avian egg from the
Quaternary of South America.

Technical abbreviations- PLM: Polarized light microscopy; SEM:
Scanning electron microscopy; TLM: Thermal lens microscopy.

Institutional abbreviations- MIM: Museo del Indio y la Megafauna,
Cerros Azules, Maldonado-Uruguay.

2. Geological settings

The egg was collected in pelitic sediments, brown in color, with silty
clay and silt, clay deposits, and gravel. More precisely, the fossil was
recovered in a level with high concentration of calcium carbonate
concretions which correspond to a fluvial deposit with the formation of
temporary-seasonality lagoons (Fig. 1). These sediments have been
assigned to the Late Pleistocene-Early Holocene and included in the
Dolores Formation (Goso, 1972), which has been interpreted as having
been deposited under more arid climatic conditions than the present,
during the last glacial maximum (Ubilla and Perea, 1999; Martinez and
Ubilla, 2004, Ubilla and Martinez, 2016). The outcrops of this unit are
present in great part of the southern Uruguayan territory (Panario and
Gutierez, 1999; Martinez and Ubilla, 2004; Ubilla and Martinez, 2016).
Its fossil record includes a great diversity of land mammals like Galea
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Fig. 1. Fossil locality (left) and, view of the coastal canyons and stratigraphic profile (right) where found the specimen studied. Red circule: El Cano locality; red star:
place of the find, just above the silty clay deposit. Stratigraphic profile taken and modified from Corona et al. (2013).

ortodonta, Microcavia sp., Glyptodon clavipes, Panochthus tuberculatus,
Lestodon armatus, Toxodon platensis, Macrauchenia patachonica, Lagosto-
mus sp, Catonyx cuvieri, Hemiauchenia sp., Vicugna sp., Catagonus sp.,
Hippidion principale, Equus neogaeus, Cerdocyon thous and Panthera onca
(Teisseire, 1928; Rinderknecht, 1999; Corona et al., 2013; Ubilla and
Rinderknecht, 2014; Ubilla and Martinez, 2016; Manzuetti et al., 2018).
This mammal association corresponds to the Lujanian regional stage/-
age or SALMA (Cione and Tonni, 2005), which can be correlated with
the Upper Pleistocene and Groenlandian formal stage/ages (Cohen et al.,
2020). There have also been recorded fossil remains of land turtles like
Geochelone sp. (Ubilla and Perea, 1999), freshwater mollusks (Martinez
and Ubilla, 2004) and pollen, that reveal a dominance of herbs, since
trees and shrubs are scarce (De Oliveira et al., 2011; Ubilla and Marti-
nez, 2016).

Corona et al. (2013) obtained an optic ages of 16, 070 +- 930 kyr
(UIC3039) from this locality based in a sediment sample taken 2-3 m
below the stratigraphic level where the fossil eggs was collected.

3. Material and methods
3.1. Collection

The studied material consists of a complete fossil egg from “El Cano”
locality (Colonia department; south-west of Uruguay), in ravines on the
banks of the Rio de la Plata, near the city of Colonia (Fig. 1). Its strati-
graphic position probably corresponds to Upper Pleistocene (16.070 +
930 years; UIC3039, Corona et al., 2013). This specimen is deposited in
the Museo del Indio y la Megafauna (MIM), Cerros Azules (Maldonado,
Uruguay), under the catalogue number of MIM 153.

3.2. Analysis

The fossil egg MIM 153 was scanned using the Somaton Sensation CT
scanner at the Hospital de Clinicas "Dr. Manuel Quintela", Montevideo in
order to verify the integrity of the material and corroborate the absence
of embryonic or juvenile remains.

The techniques used on the preparation and analyses of eggshells are
based on previous studies (Hirsch and Packard, 1987; Hirsch, 1979,
1989; Hirsch and Quinn, 1990). This work is framed within the concepts
expressed by some authors (e.g. Grellet-Tinner and Norell, 2002; Grel-
let-Tinner et al., 2006, 2010) about the instability of the parataxonomy
classification system. The description of the micromorphological

characteristics of the eggshells is based on methodologies following by
Grellet-Tinner and Norell (2002), Grellet-Tinner (2006) and Grellet--
Tinner et al. (2006).

Micro-structural analysis of the eggshell was performed based on
fragments extracted (approximately 1 cm?) from the fossil egg specimen.
Each eggshell fragment was cleaned and immersed into water in ultra-
sonic bath (Branson 1510 MT) to remove any trace of sediment. After the
cleaning the removed eggshell fragments were broken into smaller
fragments in order to be analyzed under TLM (Nikon SMZ800), PLM
(Nikon Eclise 50i POL) and SEM (Jeol JSM-5900 LV). Under TLM, ob-
servations were made in radial view and external surface. Some egg-
shells were used to perform petrographic thin sections, which were
made at the Laboratorio de Geologia of the Facultad de Ciencias (Uni-
versidad de la Reptblica, Uruguay), using a PetroThin Buehler rock
cutter. The resultant thin sections were observed under the PLM with
transmitted light and polarized light and then were photographed.
Eggshell preparation for the SEM analyses was made following Grel-
let-Tinner et al. (2006) methodology at the Laboratorio de Microscopia
Electronica of the Facultad de Ciencias (Universidad de la Reptiblica,
Montevideo-Uruguay). Macro-structural features were identified and
photographed (Camera Nikon Digital Sight Fil, Software NIS®F3.0).
Measurements of the egg specimen (major axis and maximum diameter)
and its eggshell samples (thickness) were taken using digital calipers
(with 0.01 of measure error) and the IT program (UTHSCSA®Image
tool), respectively. The resulting images were processed and edited with
Adobe Photoshop® CS6.

4. Sistematic paleontology and description

Avialae Gauthier, 1986.
Neornithes Gadow, 1893.
Palaeognathae Pycraft, 1900.
Tinamiformes Huxley, 1872.
Tinamidae Gray, 1840.
Tinamidae gen. et sp. indet.

4.1. Specimen and locality
A complete egg (MIM-153) from the El Cano locality, near the city of

Colonia del Sacramento (Department of Colonia. South-west of
Uruguay) (Fig. 1).
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Fig. 3. Diagram of palaeognathae’s eggshell units (Emu, Cassowary, Ostrich/
Rhea and Aepyornis examples). Red circle: external apertures of the pores in a

dichotomous way (Y type). Taken and modified from Mikhailov (1992) and
Grellet-Tinner (2006).

4.2. Age and horizon

This specimen was found in layers of the Dolores Formation (Qua-
ternary, Late Pleistocene-Early Holocene) (Fig. 1).

4.3. Description

This specimen corresponds to a slightly asymmetric ellipsoidal egg
having major axis is of 71.6 mm and a maximum diameter of 46.5 mm in
length (Fig. 2). The specimen has high diagenetic alterations (carbonate

Layer 2

Layer 1
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substitution) filled by consolidated carbonate matrix; however the 3D
egg shape is well preserved and shows only a slight lateral compression.
The poles of the egg are very similar, where the smaller pole is more
flattened and less pointed compared with most other birds; indeed, in
some species it is very difficult to determinate which end is which
(Cabot, 1992) (Fig. 2). The superficial ornamentation is smooth and
avian type. The external apertures of the pores are in a dichotomous way
(Y type - Fig. 3) (visible on the surface of the eggshell because the ap-
ertures of the pores are grouped in pairs — see Fig. 4), and have variable
diameters (average of 100 pm), conforming a straight pore system. The
eggshell thickness average is approximately 0.91 mm (see Fig. 4). The
eggshell surface has carbonate minerals, which are common on levels of
the Quaternary sedimentary unit. In radial view, the eggshell display
three aprismatic layers (Fig. 4). Layer 1 -mammillary layer-has an
average of 209.5 pm, showing an outward growth and a radial fibrous
ultrastructure; however, growth core, spherulites or acicular crystals are
difficult to observe due to the complete obliteration of the structures,
and it is not possible to determinate the limits of the shell units (Fig. 4).
Layer 2 is larger (average of 704 pm), and has a prismatic arrangement
of its crystals, which are more chaotic and posses vesicles (Fig. 4). Layer
3 is thinner than the previous layers (average of 176.6 pm), and has a
vertical and compact arrangement of its crystals. This last layer corre-
sponds to the "outer zone" of the shell of the parataxonomy nomencla-
ture (Mikhailov, 1997). In the microstructures of the sub-horizontal
layers, carbonate crystal growths are visualized, product of their
recrystallization during the diagenesis.

5. Discussion
5.1. Systematic and morphological comparisons

The fossil egg here studied is assigned to class Aves due the presence
of three layers on its microstructural eggshell with different thicknesses,
slight asymmetry and the lack of superficial ornamentation. The assig-
nation to order Palaeognathae is based on: 1) aprismatic condition of
ultrastructural layers (a condition known to occur only in extinct and
extant palaeognaths — Grellet-Tinner, 2000; Grellet-Tinner and Dyke,
2005); 2) apertures of the pores are in a dichotomous way (Y type); and
3) alarger layer 2 —prismatic layer-respect to the others (Grellet-Tinner,
2006). The relative thickness of layers (layer 2 thicker than layers 1 and
3) are mentioned by Grellet-Tinner (2006, Fig. 21A-D) and Grellet--
Tinner and Dyke (2005, Fig. 1B) in reference to Eudromia elegans and
Rynchotus rufescens eggshells, respectively. Layer thickness ratios are
comparable to the layers observed in MIM 153 (see Figs. 4 and 6 of this
work).

The Palaeognathae in comparison to Neognathae, is a clade limited
to a few big flightless species (African and American ostriches, emus,

Layer 3

Fig. 4. Comparative SEM images showing eggshell thin sections. Scale 200 pm (left). Detail of the outer surface of the eggshell (pc: pore canal; CaC: carbonate of

calcium — Scale: 0.5 cm) (right).
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Fig. 5. 3D reconstruction on CT scanner. Scale 1 cm (left). Cross-sectional (up right) and longitudinal tomographic (down right) images of the fossil egg MIM-153
(red squares: details of the eggshell; fr: internal and external fractures — Scale: 1 cm).
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Fig. 6. Macro and micromorphology comparative scheme of the fossil egg, MIM-153, with other eggs of extant palaeognath birds. A: Rhea americana; B: MIM-153; C:
Eudromia elegans (TM: testaceous membrane; L1: layer 1; L2: layer 2; L3: layer 3 — Scales: 1 cm (up), 200 pm (A and B down), 80 pm (C down). Images of Eudromia
elegans taken and modified from Grellet-Tinner (2006).
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cassowaries), the small nocturnal Kiwi from New Zealand, and the
Tinamou family, which comprises over 40 small South American species
that retained flight (Grellet-Tinner, 2006). Due to its oological and
osteological features, the paleognath clade (ratites and tinamous) is
assigned by several authors as a monophyletic group (e.g. Rich, 1980;
Lee et al., 1997; Grellet-Tinner, 2006). Considering this, the tinamid
eggs are larger in comparison with the size of these birds, but smaller
than Rheidae eggs, in addition that all the fossil egg features showed in
this work, suggest that MIM-153 is a tinamid specimen (Fig. 6).

5.2. Taphonomic implications

Throughout the taphonomic history of a fossil egg or eggshell, its
original mineralogical composition is either replaced or recrystallized
according to the physic-chemical conditions of the diagenetic environ-
ment. The fossil egg studied here display recrystallization by calcium
carbonate. Also show an exaggerated increase in the diameter of the
porous channels, as a result of the chemical dissolution (Grellet-Tinner
et al., 2010) (Fig. 4). In addition, micromorphology is quite altered, in
some cases making it difficult to observe structures of diagnostic
importance. This process is also reflected in its macromorphology,
which show aggregates of calcium carbonate matrix in the surface of the
eggshell and inside of the material (Figs. 4 and 5).

CT analysis allows discarding the presence of embryonic or juvenile
remains inside the fossil egg. Also, it is clearly shown in the images how
the eggshell is distinguished from the sedimentary/crystalline fill
(Fig. 5). These observations, plus the presence of typically oological
macro and micromorphological features described above, allow us to
reject the idea that the studied material corresponds to a calcareous
concretion, and is indeed a fossil egg. In addition, internal fractures of
this filling are observed in the images that are projected to the exterior of
the eggshell. This is because the egg suffered post-fossilization
fragmentation.

6. Concluding remarks

We describe a new fossil egg in an exceptional state of preservation.
The microstructure, shape and size of the egg indicate affinities with
fossil tinamid species. The bird that produced this egg belonged to an
unknown fossil tinamid species from the Late Pleistocene of Uruguay.
However, this material corresponds to the first record of a fossil avian
egg from Uruguay and the first complete fossil avian egg from the
Quaternary of South America.
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