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Abstract  Some Miocene ratite eggshell fragments from Gashunyinadege (about 17.5 Ma) and 
Baogedawula (7.11 ± 0.48 Ma), Inner Mongolia, China, are described.  The outer surfaces of eggshell frag-
ments from Gashunyinadege are smooth with a sting pore pattern, while their entire thickness is around 
2.12 mm. In a cross-sectional view, the surface crystal layer is very thin and the ratio of cone layer to the 
columnar layer is about 1:2.4. The specimens from Baogedawula present similar microscopic characters as 
those from Gashunyinadege, but seem much thinner and have a lower pore density. Both characteristics 
fit aepyornithid-type eggshells, implying that the distribution of aepyornithid-type eggshells can be ex-
tended to East Asia. The sediments at Gashunyinadege date to approximately 17.5 Ma, implying that the 
specimens from this locality are relatively early examples of aepyornithid-type eggshells. Aepyornithid-
type eggshells seem to have appeared in Eurasia much earlier than struthionid-type eggshells. The faunal 
compositions in the two localities reflect gradual drying of the Mongolian plateau during the Miocene. A 
reduction in the number of pores 10 Ma ago, probably occurred in response to this drying process. 
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Introduction

Ratites, a clade of birds lacking the ability to fly, most 
likely originated in Gondwana (Patnaik et al., 2009). Large 
ratite eggs are frequently found preserved and recorded in 
Tertiary and Quaternary sediments. Ratite skeletons, how-
ever, are rarely preserved, so that fossil eggshells constitute 
a richer and more widely used source of information on 
ratite evolution. The distribution of extant ratites is es-
sentially restricted to the Southern Hemisphere (Cooper 

et al., 2009), but several fossils have been reported from 
the Northern Hemisphere (Mayr, 2009). Fossils have been 
found in Eurasia (Lowe, 1933; Burchak-Abramovich, 
1962; Sauer and Rothe, 1972; Hou et al., 2005; Bibi et al., 
2006; Wang, 2008; Patnaik et al., 2009), northern Africa 
(Sauer, 1972; Mikhailov, 1997) and even in North America 
(Houde and Olson, 1981). The biogeographic history of 
ratites through geological time remains an active and con-
tentious area of research.

The first description of a fossil ratite from Asia was 
based on some bones collected in the Siwaliks, India (Da-
vies, 1880); this material was subsequently named Stru-
thio asiaticus by Milne-Edwards (Burchak-Abramovich, 
1962). In 1874, Brandt (1874) described a ratite eggshell 
fossil from the Ukraine; since then, a great many reports 
concerning Eurasian fossil ratites have been published 
(Burchak-Abramovich, 1962; Sauer, 1972; Mikhailov, 
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1988; Mikhailov and Kurochkin, 1988). In China, ratite 
research has a long history. Lowe reported Struthio ander-
ssoni, S. mongolicus and S. wimani from Plio-Pleistocene 
sediments in China (Lowe, 1931), Yang described some 
additional specimens from Shanxi and Hebei provinces 
and the Zhoukoudian locality near Beijing, and discussed 
their biostratigraphic significance (Yang, 1933, 1937, 1947, 
1952; Yang and Sun, 1960). Zhao and his colleagues dis-
cussed the microstructure and amino acid composition of 
ratite eggshell fossils from the Zhoukoudian locality (Zhao 
et al., 1981). Hou reported two pelvic skeletons from the 
Miocene sediments of Hezheng (Hou et al., 2005) and 
more recently, fossil eggshells from the same site have been 
described by Wang (2007, 2008).

During the past two decades, several ratite eggshell 
fossils have been collected and reported from other con-
tinents, particularly from Africa (Pickford and Dauphin, 
1993; Pickford et al., 1995; Dauphin et al., 1996; Harrison 
and Msuya, 2005). They have been used to analyze ratite 
evolutionary relationships, discuss changes in their geo-
graphic distribution and establish biostratigraphic divi-
sions. These recent studies indicate that the fossil eggshell 
record is potentially far more informative than previously 
suspected. 

Recently, a special field project carried out by the IVPP 
(Institute of Vertebrate Paleontology and Paleoanthropol-
ogy, Chineae Academy of Sciences) in Inner Mongolia, 
China focused on the study of Miocene mammals. This 
expedition acquired a large collection of fossil micromam-
mals in addition to some other specimens, including ratite 
eggshells. We briefly describe some new fossil eggshell ma-
terial from the Gashunyinadege and Baogedawula locali-
ties in Inner Mongolia. These specimens provide impor-
tant new data on the distribution of fossil ratites in China.

Geological setting and age of the fossils

Ten eggshell fragments were recovered from two locali-
ties, six from Gashunyinadege and four from Baogedawula 
(Fig. 1). Gashunyinadege is about 40 km south of Sonid 
Zuoqi (Sunitezuoqi), Inner Mongolia (43°33′39.2″N, 113°32′
51.9″E) and has been studied in detail by various paleon-
tologists after being initially reported by Meng and others 
(Meng et al., 1996; Qiu and Wang, 1999; Qiu et al., 2006; 
Wang et al., 2009). The Gashunyinadege fauna was ini-
tially assigned a Late Oligocene-Early Miocene age (Meng 
et al., 1996), but was later reassessed as an Early Miocene 
deposit (about 17.5 Ma) on the basis of micromammals 
(Qiu et al., 2006). Baogedawula, however, is some 3 km 
northeast of Baogeawula Sumu, Abaga Qi (44°08′33.8″N, 

114°35′41.6″E), Inner Mongolia (Qiu et al., 2006; Wang et 
al., 2009). The deposits consist of grayish and yellow sandy 
mudstones and sandstones dating to 7.11 ± 0.48 Ma. For 
more information about these two localities, see Qiu et al. 
(2006).

Material and methods

Ratite eggshells can be identified using both macroscopic 
and microscopic approaches (She, 1995). The macroscopic 
approach is to observe or measure characters including 
pore complex structure, pore density and shell thickness 
using a low power hand lens and a set of calipers (Pick-
ford et al., 1995). The microscopic approach is to polish 
the eggshells and then section them for scanning electron 
microscopy (SEM) and optical microscopy in order to 
observe their internal layering, crystal arrangement and 
other detailed features. The present study utilizes both 
approaches to analyze the new Inner Mongolian eggshell 
fragments and try to arrive at a comprehensive descrip-
tion.

Fig. 1  Geographic locations of fossil localities in Inner Mongolia, 
China
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The thickness of each eggshell fragment was measured 
using calipers; subsequently, we selected three well-pre-
served eggshell fragments from each fossil site and used 
them to prepare microscopic samples. SEM samples were 
used for observing the radial section of each selected frag-
ment as well as its inner and outer surfaces. Each sample 
was first polished with sandpaper, then etched with 1% 
hydrochloric acid (5 s for the inner surface, 18 s for the 
outer surface and 45 s for the radial section), which was 
then washed off and coated with gold in a vacuum envi-
ronment (Becking, 1975; Pooley, 1979; Mikhailov, 1987; 
She, 1995; Mikhailov, 1997). Finally, scanning electron 
microscopy (JSM model No. 6100) was used to examine 
each prepared sample and make measurements of pore 
diameters. We also made thin sections in order to observe 
each sample using optical microscopy.

Description

The eggshell samples collected from Gashunyinadege are 
smooth, with sting-point pores distributed on their outer 
surfaces, producing no depressions or pore complexes. 
The pores can be seen with the naked eye (Fig. 2, left). 
Through a low power hand lens, most pores can be seen to 
occur in pairs and to range in diameter from 0.1–0.2 mm; 
however, some of the pores are isolated.  These features are 
consistent with the normal characteristics of sting pores 
(Sauer, 1972). As to the pore density, more than 70 pores 
per cm2 can be seen with the naked eye, compared to 130 
pores per cm2 under SEM examination. Their entire thick-

ness averages around 2.12 mm (from 1.7 to 2.2 mm; n = 6 
measured in 36 places). SEM examination (Fig. 3) shows 
that most of the pores are elliptical or in sting shape (Fig. 
3b, c). In a cross-sectional view (Fig. 3a), the surface crys-
tal layer is very thin, the outer portion of the column layer 
is slightly thicker than in Orientornis linxiaensis (Fig. 3e) 
and the ratio of the thickness of the cone layer to that of 
the entire column layer is about 1:2.4. The cunei run from 
the cone layer to the inner column layer. The pore canals 
are non-branching and straight (Fig. 3e).

Samples from Baogedawula are similar in their pore 
pattern to those from Gashunyinadege. It is clear that 
small pore openings are irregularly distributed on the 
smooth outer surface, producing no depressions or pore 
complexes (Fig. 2, right). They show a relatively low pore 
density, about 8–15 pores per cm2 can be seen with the 
naked eye, but under the SEM, more tiny pores appear in 
the field (Fig. 4a) and the density rises to about 50 pores 
per cm2. From the SEM results (Fig. 4), the pore diameter 
ranges from 0.05–0.2 mm and the pores are round or el-
liptical and uniformly distributed on the outer surface. 
The pore distribution seems to display some regularity, in 
that the elliptical pores are always in pairs and the round 
ones are single. Details of the inner surface, however, can-
not be observed clearly because they are obscured by sedi-
ment (Fig. 4b). As the cross-sectional view shows, the sam-
ples range in thickness from 1.7 to 2.1 mm, with a mean 
of 2.02 mm (n = 4 measured in 23 places); the pore canals 
are single and straight (Fig. 4c), with rough inner surfaces 
(Fig. 4d); the columnar layer is compact (Fig. 4e); the ratio 
of the thickness of the cone layer to that of the columnar 
layer is about 1:1.4. The cone layer is thinner, representing 
about one third of the entire shell thickness, the cones are 
slender and compact (Fig. 4f). 

Comparison and discussion

Obviously, the eggshells from Gashunyinadege and 
Baogedawula share a smooth outer surface; although the 
Baogedawula samples show considerable wear (Fig. 4a) 
and are close in thickness to those from Gashunyinadege. 
However, there are also some significant differences be-
tween the eggshell fragments from Gashunyinadege and 
those from Baogedawula. Pore density in the Gashunyina-
dege samples is more than 70 per cm2, slightly higher than 
in the Baogedawula samples. In cross-sectional view, the 
cone density of the Gashunyinadege samples is somewhat 
higher than in the Baogedawula samples; furthermore, the 
column layer is much thicker in the former than in the lat-
ter and the Gashunyinadege samples also differ from the 

Fig. 2  Eggshell fragments from Inner Mongolia, China; note 
the pore pattern and size of each fragment. Left, eggshell fossils 
from the Gashunyinadege locality; Right, eggshell fossils from the 
Baogedawula locality.



Shuo Wang et al.  Miocene ratite eggshell from China 21

© 2011 Beijing Forestry University and China Ornithological Society

Baogedawula samples in having a relatively thicker outer 
column layer.

According to this description, these new eggshell frag-
ments differ from Aepyornis eggshells in having a gener-
ally lower thickness and lacking pore grooves (Bibi et al., 
2006), differ from Diamantornis eggshells in having a low-
er thickness and in lacking pore complexes (Pickford and 
Dauphin, 1993). Compared with Struthio camelus, the pore 
density of these Inner Mongolian eggshell fossils is higher; 
they also differ from S. camelus in lacking pore complexes. 
Their thickness is slightly less than in Struthio chrosonen-
sis, S. kakesiensis, S. karingarabensis (Harrison and Msuya, 
2005) and even in Orientornis linxiaensis (Wang, 2007). 

Also, pores of Struthio daberasensis clump together and 
produce “a reticulation of minuscule flat islands” (Sauer, 
1972) while the pores of the new specimens are paired or 
single. The new specimens also differ from S. anderssoni in 
lacking pore pits. Sauer (1972) generalized the characters 
of the struthionid pore pattern, emphasizing that most of 
the clustered pores and grooves are located in pits and that 
there is no pore alignment in parallel with the axes of the 
egg; besides, the pore canals seen in struthionid eggshell 
are divergent. However, the new Inner Mongolian speci-
mens lack these critical characters, implying that they do 
not represent typical struthionid eggshell. Previously, al-
most all ostrich eggshell fossils in China were described as 

Fig. 3  Micrographs of the eggshells from Gashunyinadege. (a–d) Scanning electron micrographs. (a) Radial section of the eggshell; (b) Outer 
surface of the eggshell, note the pore shape under the SEM; (c) Pore pattern shown on (b) is magnified; (d) Inner surface of the eggshell; (e) 
Radial section of the eggshells under the optical microscopy, note the pore canal shape.
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Fig. 4  Micrographs of the eggshells from Baogeawula. (a–e) Scanning electron micrographs. (a) Outer surface of the eggshell; (b) Inner 
surface of the eggshell; (c) Radial section of the eggshell; (d) Radial section of the eggshell, note the characteristics of the pore canals; (e) 
Upper portion of the radial section, note the crystal arrangement; (f) Radial section of the eggshell under optical microscopy.
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S. anderssoni (Lowe, 1931), but recent studies suggest that 
additional types of eggshell fossils exist in China. The new 
specimens represent one such type, but we consider the 
material too fragmentary to justify the formal erection of 
a new taxon.

Both similarities and differences between these Inner 
Mongolian fossils and Orientornis linxiaensis are obvious. 
The eggshell fossils from these two independent localities 
share characters including a smooth outer surface and 
similar pore shape. The pores of the new specimens are 
larger and more densely distributed than in O. linxiaensis. 
Furthermore, the column layer is proportionally thinner 
in the new material than in O. linxiaensis.

Ratite eggshells are generally classified as either stru-
thionid-type or aepyornithid-type (Patnaik et al., 2009). 
Sauer (1972) first described ratite eggshells with smooth 
outer surfaces and a sting-point pore pattern. According to 
his description, the pore pattern is the key distinguishing 
character of this type of eggshell. Pores on these eggshells 
are always linearly aligned long, and form short grooves 
with a dagger point, tiny circular to ovoid needle point 
pore shapes. Because these characters are quite similar 
to those of Aepyornis maximus in Madagascar, many au-
thors have designated smooth eggshells of this kind as 
aepyornithid-type eggshells (Sauer and Sauer, 1978; Bibi 
et al., 2006). In gross morphology, the new Inner Mongo-
lian fossils are similar to aepyornithid-type eggshells: their 
sting-point pores occur in rows that are conspicuously 
oriented parallel to one another very close in thickness to 
aepyornithid-type eggshells from Lanzarote (Sauer and 
Rothe, 1972). The only difference is that the new speci-
mens lack pore grooves. Hence we are inclined to believe 
that these Inner Mongolian fossil materials may belong 
to aepyornithid-type eggs. Unfortunately, however, most 
studies on aepyornithid-type eggshell have not presented 
cross-sectional features, so that the new specimens cannot 
be readily compared to previously described aepyornithid-
type material with respect to cross-sectional morphology.

Most previously collected aepyornithid-type eggshell 
material has come from the Miocene-Pliocene sediments 
of western Europe and Asia (Sauer, 1972; Sauer and Rothe, 
1972; Sauer, 1976; Sauer and Sauer, 1978; Stern et al., 1994; 
Harris and Leakey, 2003); however, Sauer (1972) reported 
some aepyornithid-like eggshell fragments from the Eo-
cene Irdin Manha Formation. At Camp Margetts, near Iren 
Dabasu, Inner Mongolia, China (Sauer, 1972), and Bibi et 
al. (2006) reported aepyornithid-type eggshells from the 
Oligocene sediments of Mongolia. If these occurrences can 
be confirmed, the stratigraphic range of aepyornithid-type 
eggshells in East Asia would extend down into the Eocene 
(Bibi et al., 2006). It appears to be true because the age of 

the Gashunyinadege eggshells were dated at about 17.5 
Ma, close to the Oligocene-Miocene boundary. It is quite 
possible that even earlier eggshells, from the Oligocene or 
Eocene, do in fact exist. 

Patnaik et al. (2009) suggested that ratites dispersed 
into Eurasia from Africa via an India-Madagascar biogeo-
graphic link. The Indian subcontinent was connected with 
the African plate during the Cretaceous. Subsequently, the 
India subcontinent drifted northward, and collided with 
Asia in a process that started at about 65 Ma and was com-
pleted by the end of Eocene (Zhu et al., 2005; Mo et al., 
2007). If this biogeographic hypothesis is true, early ratites 
would be expected to have spread into Eurasia not earlier 
than the Eocene. However, more fossil evidence from the 
Indian subcontinent is needed in order to confirm this 
view. Another important aspect of ratite paleobiogeogra-
phy is that both struthionid-type and aepyornithid-type 
eggshells have been found in Lanzarote, Canary Islands 
(Sauer and Rothe, 1972), in Siwalik (Sauer, 1972; Stern 
et al., 1994; Patnaik et al., 2009) and in Inner Mongolia 
(Sauer, 1972). In other words, the two types occur together 
at sites located from western Europe to East Asia. However, 
the aepyornithid-type eggshells from these three locali-
ties seem much older than the associated struthionid-type 
eggshells (Sauer, 1972; Sauer and Rothe, 1972; Patnaik 
et al., 2009). From the perspective of biochronology, the 
eggshells collected from the Irdin Manha Formation 
(Sauer, 1972) and Gashunyinadege might be considered 
the earliest presently known aepyornithid-type eggshell 
fossils (respectively Eocene, dated to 17.5 Ma), whereas 
struthionid-type eggshells occur in the Pliocene of this 
area according to Sauer (1972). Stern et al. (1994) identi-
fied some aepyornithid-type eggshells from Siwalik (about 
11 Ma, whereas struthionid-type eggshell fragments from 
the same area range in age from 2.2 to 0.5 Ma). Orientornis 
linxiaensis (9.6 Ma) eggshells have a smooth surface, but 
are characterized by pores that are different from those of 
the Gashunyinadege specimens (Wang, 2007). Finally, the 
Baogedawula (7.11 Ma) samples again display a smooth 
outer surface and aepyornithid-like pore shape. The record 
suggests that ratites that laid aepyornithid-type eggs were 
present in Eurasia well before those that produced struthi-
onid-type eggs. We are not sure whether this phenomenon 
simply implies two independent dispersal events of ratites, 
an early dispersal involving aepyornithid-laying birds and 
a later one involving struthionid-laying birds, into Eurasia.

Mikhailov and Kurochkin reviewed the morphology 
and distribution of ratite eggshell fossils from Eurasia 
based on a large amount of material (Mikhailov, 1988; 
Mikhailov and Kurochkin, 1988); they concluded that 
aepyornithid-type eggshells appeared and disappeared 
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periodically during the Neogene, alternating with stru-
thionid-type eggshells. They considered both types of 
eggshell to belong to the genus Struthio. The characteris-
tics that define the two types, i.e., pore structure and shell 
thickness, varied in response to the alternation of humid 
and dry conditions, or cold and warm ones (Mikhailov, 
1988; Mikhailov and Kurochkin, 1988). This conclusion is 
still controversial because their results were largely based 
on morphological characters and lack supporting geo-
chemical data. Since geochemical data would better reflect 
changes in climate, Stern et al. (1994) examined stable 
carbon and oxygen isotopes in ratite eggshell fossils from 
the Siwaliks, focusing on determining the nature and tim-
ing of environmental change in the Himalayan foothills. 
Stern et al. (1994) claimed that no differences in mineral 
content exist among aepyornithid-type, struthionid-type 
and extant ostrich eggshells, whereas the isotope value 
of aepyornithid-type eggshells is quite similar to that of 
struthionid-type eggshells at the specific time point of 
2.24 Ma. This suggests that both aepyornithid-type and 
struthionid-type eggshells occurred at the same time pe-
riod, sharing a similar environment. In contrast, although 
the δ18O values of aepyornithid-type eggshells from 5.26 
to 2.34 Ma are quite different and the δ13C values also in-
dicate their dietary sources had not changed during these 
3 Ma (Stern et al., 1994), it has been clearly shown that 
aepyornithid-type eggshell characteristics were stable dur-
ing this time and that struthionid-type eggshells did not 
appear until 2.24 Ma. Therefore, Mikhailov’s conclusions 
might, to some extent, be problematic.  

Gashunyinadege and Baogedawula are both important 
Miocene sites in China; they have been repeatedly men-
tioned in the literature (Meng et al., 1996; Qiu and Wang, 
1999; Qiu et al., 2006; Wang et al., 2009). The Gashunyina-
dege fauna contains at least 40 taxa of mammals and the 
Baogedawula fauna 22. Most of the mammals, especially 
micromammals, are ones that dispersed wilely within Eur-
asia (Qiu et al., 2006). This suggests that the central Inner 
Mongolian localities had good possibilities for interchange 
with other faunas. The faunal compositions of these two 
localities reflect a gradual drying of the Mongolia plateau 
during Miocene (Dong et al., 2006; Qiu et al., 2006; Liu et 
al., 2009). The reduction of the number of pores from the 
Gashunyinadege sample to the Baogedawula sample, some 
10 Ma later, may reflect a response to this drying process.
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内蒙古中新世平胸鸟类蛋壳化石新材料

王烁1,2,3，胡莹3,4，王璐 2

（1 中国科学院脊椎动物进化系统学重点实验室，北京，100044；2 南开大学生命科学学院，天津，300071；

3 天津师范大学细胞遗传与分子调控天津市重点实验室，天津，300387；4 天津师范大学生命科学学院，

天津，300387）

摘要：本文描述了内蒙古嘎顺音阿德格（17.5 Ma）和宝格达乌拉（7.11 ± 0.48 Ma）地点的中新世平胸鸟类蛋壳

化石。其中嘎顺音阿德格地点的蛋壳材料厚度约为2.12 mm，其外表面光滑具针孔型气孔。径切面显示其表面晶

体层甚薄，椎体层与柱状层之比约为1:2.4。宝格达乌拉地点的材料特征与嘎顺音阿德格的材料接近，所不同的

是前者厚度略薄（平均2.02 mm），且气孔密度较小。这些特征与aepyornithid型蛋壳特征接近，因此aepyornithid

型蛋壳分布可以扩展至东亚；而嘎顺音阿德格地点的aepyornithid型蛋壳可以作为这一类型的早期代表。通过欧

亚大陆几个地点间的对比，我们发现aepyornithid型蛋壳在欧亚大陆出现的时间显著早于struthionid型蛋壳，这似

乎说明前者是区别于“鸵鸟”的另一类动物。与此同时，两个动物群的组合面貌反映出中新世蒙古高原的干旱化过

程，蛋壳气孔密度的变化可能与这一过程有直接关系。

关键词：中国，内蒙古，中新世，平胸鸟类蛋壳


