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Abstract: A large incomplete ostrich femur from the Lower Pleistocene of North China, kept at the
Muséum National d'Histoire Naturelle (Paris), is described. It was found by Father Emile Licent
in 1925 in the Nihewan Formation (dated at about 1.8 Ma) of Hebei Province. On the basis of
the minimum circumference of the shaft, a mass of 300 kg, twice that of a modern ostrich, was
obtained. The bone is remarkably robust, more so than the femur of the more recent, Late Pleistocene,
Struthio anderssoni from China, and resembles in that regard Pachystruthio Kretzoi, 1954, a genus
known from the Lower Pleistocene of Hungary, Georgia and the Crimea, to which the Nihewan
specimen is referred, as Pachystruthio indet. This find testifies to the wide geographical distribution
of very massive ostriches in the Early Pleistocene of Eurasia. The giant ostrich from Nihewan was
contemporaneous with the early hominins who inhabited that region in the Early Pleistocene.
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1. Introduction

The Lower Pleistocene fossiliferous beds of the Nihewan Basin (Figure 1) in northern
Hebei Province (North China) have been known for their vertebrate remains since the 1920s.
More recently, abundant evidence of early human occupation has also come to light ([1],
and references therein). The fossil mammals from the various formations of the Nihewan
Basin have attracted considerable attention, starting with the pioneering paper by Teilhard
de Chardin and Piveteau [2]. However, although bird bones have been mentioned, few of
them have been described in detail, with the notable exception of a metatarsus belonging
to a crow (Corous) [3].

Here we describe an ostrich femur, collected in the 1920s and kept in the paleontology
collection of the Muséum National d"Histoire Naturelle (Paris, France). Although this bone
is poorly preserved, a body mass estimate based on its circumference shows that it belonged
to a giant ostrich, significantly larger than the living Struthio camelus. It provides new
evidence of the wide geographical distribution of giant ostriches in the Early Pleistocene
of Eurasia.

A note on spelling: in this paper we have used the modern pinyin spelling for place
names. In the 1920s, a different transliteration was used by paleontologists working in
China: “Nihowan” instead of Nihewan, “Sangkan Ho” instead of Sanggan He, etc.

Institutional abbreviations: MNHN: Muséum National d’Histoire Naturelle, Paris,
France. IVPP: Institute of Vertebrate Paleontology and Paleoanthropology, Beijing, China.
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Figure 1. Map of part of northern China showing location of the Nihewan Basin, WNW of Beijing, with general location in
China (small map at lower right corner). Modified after Teilhard de Chardin and Piveteau [2].

2. Discovery and Geological Setting of the Specimen

Following discoveries of fossil bones by Father Vincent, a missionary based in Ni-
hewan village (some 150 km NW of Beijing; Figure 1), in 1920 [4—6], the area was visited
independently but almost simultaneously by the British geomorphologist George B. Bar-
bour [7] and the French Jesuit and naturalist Emile Licent in 1924 [4]. Abundant vertebrate
(mainly mammal) remains were subsequently collected from the Nihewan Basin in the
course of field trips led by Licent in 1925 and Licent and Teilhard de Chardin in 1926 [6].

The first mention of an ostrich bone from the Nihewan Basin is in a section on the
antiquity of the ostrich in eastern Asia in the monograph by Boule et al. [8] on the Paleolithic
in China. The authors note (p. 92) that Licent has found in the “Sanmenian” [Lower
Pleistocene] beds of the Sanggan He (the river which flows through the Nihewan Basin)
an ostrich femur more than 340 mm in length, indicating a bird larger than the living
ostrich. This brief mention seems to have attracted little attention, although it was noted
by Lowe [9] and Lambrecht [10]. Later, in their study of the Nihewan mammals, Teilhard
de Chardin and Piveteau [2] briefly mentioned in a footnote (p. 126) the few bird remains
in their collection, viz. a humerus of a large vulture and an ostrich femur. These two
bones are kept together at the MINHN, the ostrich bone bearing number NIH008. A second
number, 1927-13, refers to a catalog entry briefly listing a collection of vertebrate fossils
from Nihewan brought back from his second mission to China by Teilhard de Chardin
on 20 November 1927. The words “Struthio” and “Femur” are written in pencil on the
bone. There is therefore no doubt that the femur described below is that mentioned by
Teilhard de Chardin and Piveteau in 1930. Whether it is the same bone as that mentioned by
Boule et al. [8] is not so clear, because specimen MNHN-NIHO008, in its present condition,
is 247 mm in length, while the length provided by Boule et al. [8] is more than 340 mm.
This may suggest that two distinct ostrich femora were found in the Nihewan beds in the
1920s and that one of them may have remained in China while the other was sent to Paris.
However, no ostrich femur is currently kept at the Hoang Ho Pai Ho Museum in Tianjin,
where Licent’s collections are kept, and there is no evidence that such a bone was part of
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the fossils that were transferred from the Hoang Ho Pai Ho Museum to Beijing in 1940 by
Teilhard de Chardin and Leroy (see Leroy [11] about this transfer) and are now kept at the
IVPP in Beijing. We therefore suppose that MNHN-NIHO008 is indeed the bone mentioned
by Boule et al. [8], which is no longer as complete as it was when Licent found it (probably
during his 1925 collecting trip, when Teilhard de Chardin was not with him, since Licent
alone is credited with the discovery), having lost a good part of the distal end.

Many vertebrate localities are currently known in the Nihewan Basin, in formations
of different geological ages (see Cai et al. [12], for a recent review), and the exact place
where the ostrich femur was found is unclear, all the more so given that Licent does not
mention this find in his publications about his collecting trips in the Nihewan Basin ([4,13]).
However, the early collections made by Licent and Teilhard de Chardin in the region were
restricted to a relatively small area around the villages of Nihewan and Xiashagou (see
map in Teilhard de Chardin and Piveteau ([2], p. 8). This corresponds to what Cai et al. [12]
call the “classic Nihewan fauna” from the middle part of the Nihewan Formation. This
fauna is about 1.8 Ma in age, according to Cai et al. [12].

3. Description

Specimen MNHN-NIHO008 is a right femur (Figure 2) lacking the distal end (at least
one-third of the bone seems to be missing) and the proximal articular head (caput femoris).
Some craniocaudal compression seems to have occurred. Some areas in the proximal region
have been roughly repaired with plaster. The bone is poorly preserved, its cortex being
broken into many pieces on the cranial surface, whereas the caudal surface has been less
affected, except in its proximal part. At the level of the distal break, it can be seen that the
shaft is hollow and filled with brownish clay. Its bony walls are up to 6 mm in thickness.
Cancellous bone can be seen at the proximal end where the cortex is broken. The bony
structure of the specimen is thus clearly avian.

lic

fp

Figure 2. Right femur of giant ostrich (Pachystruthio indet.), MNHN-NIHO008, from the Lower
Pleistocene of the Nihewan Basin, northern China, in caudal (A), cranial (B) and distal (C) views,
compared with a femur of the living ostrich Struthio camelus in caudal view (D). Abbreviations:
fp: fossa poplitea; lic: linea intermuscularis caudalis; or: oblique ridge. Scale bar: 50 mm.
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Very little is preserved of the proximal articular area, both the caput femoris and
the trochanter femoris being destroyed. The cranial face of the bone is relatively flat
and featureless. On the caudal face, a long, well-marked longitudinal ridge, the linea
intermuscularis caudalis (Figure 2, lic), is visible in the medial half of the bone. It is broad
and strongly rugose in its proximal part and becomes sharper distally. At its distal end, it
meets a shorter, oblique ridge that extends mediodistally from the medial margin of the
bone. Beyond this oblique ridge, the surface of the bone is somewhat depressed, indicating
the beginning of the fossa poplitea (Figure 2, fp). At roughly this level, the width of the
shaft begins to increase, but nothing is preserved of the distal articular area.

The minimum width of the bone is 74 mm. Its length as preserved is 247 mm. Consid-
ering that at least one-third of the bone is missing distally and that the trochanter femoris
is broken, its original length must have been very close to the 340 mm mentioned by
Boule et al. [8].

Although the specimen is very incomplete, the characters that can be observed, in
particular the extent and development of the linea intermuscularis caudalis (Figure 2, lic),
are in agreement with an attribution to an ostrich, confirming Teilhard de Chardin and
Piveteau’s identification.

4. Body Mass Estimate, Comparison with Other Giant Ostriches and Identification

Using the equation published by Campbell and Marcus [14] [LogM = 2.411 x LogLCF
— 0.065], we used the minimum circumference of the shaft (LCF = 199 mm) of MNHN-
NIHO0O0S to estimate the body mass of the Nihewan ostrich. The estimated mass, 300 kg, is
twice that of a large male Struthio camelus (Figure 3; Table 1). This Early Pleistocene ostrich
was clearly a very large bird, in the mass range of some of the largest known birds, such as
the giant moa, Dinornis robustus [15]. This suggests that the Nihewan ostrich was even larger
than the giant ostrich from the Late Pleistocene of China, Struthio anderssoni. According to a
mass estimate based on the minimum circumference of the shaft of a femur from the Upper
Cave at Zhoukoudian (IVPP V6943), S. anderssoni reached a weight of 269 kg, a result
in good agreement with estimates based on the dimensions of various Pleistocene eggs
from the loess of North China referred to that large ostrich [16]. Morphologically, MNHN-
NIHO008 differs from the Zhoukoudian femur (described by Shaw [17] and Hou [18]) in
having a more robust shaft (Figure 4A). A complete femur from Zhoukoudian Upper Cave
(present whereabouts unknown) measured by Shaw [17] was 355 mm in length and 69 mm
in diameter at midlength, which indicates a more slender bone than MNHN-NIHO008.
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Figure 3. Body mass estimated from the minimum circumference of the shaft (LCF) for several fossil
ostriches found in the Pleistocene of Eurasia, compared with the living Struthio camelus.
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Table 1. Summary table of the measurements of the fossil Struthionidae from the Pleistocene of Eurasia and Africa compared with the modern Struthio camelus. Bold total length values are
estimated. LCF: minimum circumference of the shaft of the femora.

Specimen LCF Body Mass Total Minimum Stoutness
Numb Species Age Geological Location ( ) Estimated Length  Shaft Width Index Source
umber mm
(kg) (mm) (mm) (%)
NIHO008 Pachystruthio indet. Early Pleistocene ~ Nihewan Formation (China) 199 300 340.0 74.0 21.76 Boule et al. 1928; this paper
. . . . .. . Burchak—-Abramovich &
D70 Pachystruthio dmanisensis Early Pleistocene Dmanisi (Georgia) 220 382 380.0 76.0 20.00 Vekua 1990; Vekua 2013
. . . . .. . Burchak—Abramovich &
D5768 Pachystruthio dmanisensis Early Pleistocene Dmanisi (Georgia) 220 382 385.0 76.0 19.74 Vekua 1990; Vekua 2013
PIN 5644/56  Pachystruthio dmanisensis ~ Early Pleistocene Taurida Cave (Crimea) 240 472 390.0 74.7 19.15 Zelenkov et al. 2019
IVPP V6943 Struthio anderssoni Late Pleistocene Zhoukoudian (China) 190 269 / / / this paper
/ Struthio anderssoni Late Pleistocene Zhoukoudian (China) / / 355.0 69.0 19.44 Shaw 1937
/ Struthio camelus Modern / 140 129 301.0 384 12.75 this paper
/ Struthio camelus Modern / 140.5 130 327.0 36.9 11.29 this paper
1888.377 Struthio camelus Modern / 146 142 300.0 49.0 16.33 this paper
1888.377 Struthio camelus Modern / 147 145 300.0 50.0 16.67 this paper
1889.171 Struthio camelus Modern / 144 138 330.0 45.0 13.64 this paper
1889.171 Struthio camelus Modern / 145 140 307.0 40.0 13.03 this paper
1889.31 Struthio camelus Modern / 135 118 310.0 49.0 15.81 this paper
1889.31 Struthio camelus Modern / 136 120 330.0 45.0 13.64 this paper
1912.49 Struthio camelus Modern / 155 164 315.0 52.0 16.51 this paper
1922.105 Struthio camelus Modern / 142 133 286.0 32.0 11.19 this paper
1922.105 Struthio camelus Modern / 157 170 320.0 43.0 13.44 this paper
1923.2163 Struthio camelus Modern / 152 157 320.0 42.0 13.13 this paper
1923.2163 Struthio camelus Modern / 150 152 315.0 46.0 14.60 this paper
1937.114 Struthio camelus Modern / 139 126 325.0 45.0 13.85 this paper
/ Struthio camelus Modern Baku 156 167 310.0 51.0 16.45 Burchak-Abramovich and
Vekua 1990
/ Struthio camelus Modern Moscow 143 135 314.0 46.0 14.65 Burchak-Abramovich and
Vekua 1990
/ Struthio camelus Modern Krakow 163 186 325.0 51.0 15.69 Burchak-Abramovich and
Vekua 1990
/ Struthio camelus Modern Krakow 161 180 318.0 49.0 15.41 Burchak-Abramovich and
Vekua 1990

/ Struthio oldawayi Early Pleistocene Olduvai Gorge, Tanzania / / 400.0 64.0 16.00 Leakey 1967; Vekua 2013
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Other Early Pleistocene large ostriches for which the femur is known include
Struthio oldawayi Lowe, 1933 from Olduvai Gorge, Tanzania [19]. The femur of S. oldawayi
figured by Leakey [20] has a more slender shaft than that of the Nihewan bone (minimum
width about 64 mm) but is longer (total length about 400 mm). Ostrich femora more closely
resembling the Nihewan bone are known from the Early Pleistocene of Georgia (Dman-
isi [21,22]) and the Crimea (Taurida Cave [23]) (Figures 4 and 5). The giant ostrich from
Dmanisi was originally described as Struthio dmanisensis by Burchak—Abramovich and
Vekua [21]. More recently, Zelenkov et al. [23] have placed both the ostrich from Dmanisi
and that from the Taurida Cave in the genus Pachystruthio Kretzoi, originally erected as
a subgenus of Struthio by Kretzoi [24] for a large phalanx and eggshell remains from the
Early Pleistocene of Hungary, described as Struthio (Pachystruthio) pannonicus. Femora of
P. dmanisensis described by Vekua [22] are ca. 380 mm and 385 mm in length, with smallest
(mediolateral) shaft widths of 76 mm. The femur of the giant bird from Taurida Cave is
ca. 390 mm in length, with a smallest shaft width of 74.7 mm [23]. In terms of shaft width,
the Nihewan ostrich thus seems more reminiscent of the giant ostriches from Georgia and
Crimea than of S. oldawayi.

Burchak-Abramovich and Vekua [22] and Vekua [23] used what they called the stout-
ness (or massiveness) index, i.e., the minimum shaft width/total length ratio, expressed
in percent, to compare the femora of various ostriches (Figure 6; Table 1). In the living
Struthio camelus specimens measured by Burchak—-Abramovich and Vekua [22], the index
ranges from 13.8 to 16.4; it is ca. 16 in Struthio oldawayi and 20.0 in P. dmanisensis, which
has an exceptionally massive femur, as noted by Vekua [23]. The stoutness index for
the femur from Taurida Cave, calculated on the basis of the measurements provided by
Zelenkov et al. [23], is 19.15. Based on the measurements provided by Shaw [17], the
stoutness index for the femur of Struthio anderssoni is 19.44. Calculating the stoutness
index for MNHN-NIHO008 is of course difficult because the bone in its present state is
incomplete. If we accept that MNHN-NIHO08 is the femur mentioned by Boule et al. [8],
which was more than 340 mm in length, we obtain a stoutness index of 21.76, using 340
mm as the total length; this is higher than the index for Pachystruthio dmanisensis (Figure 6;
Table 1). However, the index calculated for the Nihewan specimen is probably slightly
exaggerated because, according to Boule et al. [8], the total length of the bone was more
than 340 mm. Nevertheless, it can be assumed that MNHN-NIHO008 had a high stoutness
index, comparable to that of Pachystruthio dmanisensis, which it resembles in the robustness
of the shaft and the development of the linea intermuscularis caudalis (although the latter
is in a more central position on the shaft in the specimen from Taurida Cave than in those
from Nihewan and Dmanisi). Although a precise identification of MNHN-NIHO008 is
difficult because of the incompleteness of the specimen, these similarities with the more
or less coeval species from Georgia and Crimea are notable and, pending the discovery
of more material from the Nihewan Formation, we refer to the specimen as Pachystruthio
indet. Although the eastern European localities and Nihewan are some 6000 km apart
(Figure 5), the occurrence of the same taxon of ostrich at both localities cannot be ruled
out, because there were considerable similarities between the vertebrate faunas of various
parts of Eurasia, from China to western Europe, in the Early Pleistocene, possibly linked to
the development of extensive grasslands [25]—an idea already put forward to explain the
Pleistocene distribution of the ostrich in Eurasia by Andersson [26].
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Figure 4. Comparison of the femur MNHN-NIHO008 with other femora of Pleistocene ostriches. (A) Femur of Struthio ander-
ssoni, from Zhoukoudian (China), specimen number IVPP V6943, in caudal view. (B) Femur of Pachystruthio cf. dmanisensis),
from Dmanisi (Georgia), specimen number D5768, in cranial view (from [22]). (C) Femur of Pachystruthio cf. dmanisensis),
from Dmanisi (Georgia), specimen number D70, in caudal view (from [22]). (D) Femur of Struthio oldawayi, from Olduvai
(Tanzania), in cranial view (from [20]); E: femur of giant ostrich (Pachystruthio indet.), specimen number MNHN-NIHO008,
from the Lower Pleistocene of the Nihewan Basin, northern China, in caudal (E.1) and cranial (E.2) views. (F) Femur of
Pachystruthio cf. dmanisensis, from Taurida Cave (Crimea), specimen number PIN 5644 /56, in caudal view (from [23]).
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BN

Figure 5. Map showing the distribution of skeletal remains referrable to Pachystruthio in the Lower Pleistocene of Eurasia.
1: Kislang, Hungary (phalanx, after [24]); 2: Taurida Cave, Crimea (femur, after [23]); 3: Dmanisi, Georgia (femur, after [22]);
4: Nihewan, China (femur, this paper). The bones are not to scale.
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Figure 6. Stoutness (minimum shaft width/total length ratio) vs. total length of the femora of various Pleistocene fossil

ostriches, compared with the living Struthio camelus.

5. A Brief Review of the Fossil Record of Ostriches in China

The giant ostrich from the Nihewan Formation adds an Early Pleistocene link to a
succession of large to very large ostriches known from Neogene and Quaternary formations
in China. The earliest record of ostriches or ostrich-like birds from China seems to be
eggshell fragments from two Lower Miocene localities in Inner Mongolia [27]. However,
Mikhailov and Zelenkov [28] have suggested that the eggshell fragments may have been
derived from more recent sediments. This suggestion is based on the fact that the eggshell
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fragments belong to a type which supposedly was not present in Asia at such an early date,
and clearly this claim must be checked, possibly by further field observations, before the
hypothesis of an erroneous dating is confirmed. The earliest skeletal remains have been
referred to two more or less coeval Late Miocene species, Struthio wimani Lowe, 1931 [9]
and S. linxiaensis Hou et al., 2005 [29]. The type specimen of Struthio wimani, a pelvis, was
found in the so-called Hipparion red clay of the Baode area of NW Shanxi [9,30]. These
highly fossiliferous deposits were traditionally referred to the Pontian, a stage once placed
in the Pliocene, but are now referred to the Late Miocene [31]. Struthio linxiaensis was
erected on the basis of a pelvis from the Liushu Formation (Late Miocene) of the Linxia
Basin in Gansu Province [29]. Since both taxa appear to be of roughly the same geological
age, it may be wondered whether they should really be considered as separate species, a
point already made by Mikhailov and Zelenkov [28]. However that may be, both have
been described as being larger than the living Struthio camelus. Ostrich eggshell remains
from the Late Miocene (“Hipparion fauna”) of Shanxi and Gansu, many of them collected by
Emile Licent, were reported by Andersson [30]. Lowe [9] referred these Miocene eggshell
fragments to Struthio wimani.

Next in age is the Pachystruthio femur from the Lower Pleistocene Nihewan Formation
described in the present paper. Eggshell remains have been reported from various anthropic
sites in the Nihewan Basin (see below).

The Late Pleistocene species Struthio anderssoni was originally described by Lowe [9]
on the basis of large eggs from many localities in the loess of northern China [30]. Many
more eggs from the loess referrable to S. anderssoni have subsequently been reported
(e.g., [32,33]). The name was later applied to skeletal remains (femora) from the Upper Cave
at Zhoukoudian [17,18,34,35], for which dates ranging from 35.1 to 33.5 ky are available [36].
Eggshell fragments are known from several of the karstic localities at Zhoukoudian, of
various geological ages, some being significantly older than the Upper Cave [32,35,37]. A
discussion of the stratigraphic distribution of Struthiolithus eggshells in the loess of China
and of the validity of applying the egg-based taxon Struthio anderssoni to skeletal remains
is beyond the scope of this paper. It may be mentioned that mass estimates based on eggs
referred to Struthio anderssoni and on a femur from the Upper Cave yield very similar
results, viz. about 270 kg [16]. Both the eggs and the few skeletal remains thus indicate an
ostrich significantly larger than the living one.

On the basis of C14 dates, Janz et al. [38] have suggested that ostriches survived
in north-eastern Asia, including China, until the Holocene. This is in agreement with
the suggestion by Kurochkin et al. [39], based on C14 dates from eggshell fragments,
that they may have become extinct in the Holocene in Mongolia and Siberia. However,
Khatsenovich et al. [40] have urged caution about dates obtained from ostrich eggshell, a
material that poses special problems (including different ages for the outside and the inside
of the shell) and which in some instances provides ages that are significantly younger than
those obtained from bones from the same sites.

The available fossil record thus suggests that the ostrich has been present in China
possibly from the Early Miocene to the Late Pleistocene, a time span covering some 20 My.
Because of the scarcity of skeletal material (as opposed to the abundance of eggshell
remains), it is difficult to reconstruct the evolution of ostriches in that part of the world and
the relationships between the several species that have been described are unclear. The fact
that these fossil ostriches were larger than the living species seems to be well established,
and the form from the Nihewan Formation may have been the most massive of them all.

6. Conclusions: The Giant Ostrich from Nihewan in Its Environment

Although the presence of ostrich remains among the Early Pleistocene vertebrate
assemblages of the Nihewan Basin was recorded as early as 1928, they have received little
attention. Struthio is mentioned in various recent papers about the Nihewan Basin [1,41-45],
but often no details are given about the nature of the material, an exception being the paper
by Pei et al. [46], which lists eggshells and a coracoid fragment from the Feiliang site. In this
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context, the ostrich is sometimes considered as an environmental indicator. Dennell [44]
considers the presence of the ostrich at the Majuangou III site as in agreement with a
warm, moist climate, but also lists Struthio dmanisensis at Dmanisi as a steppe indicator.
Pei et al. [46] list the ostrich, together with equids, as suggesting large open temperate
grasslands, although other evidence (cervids) indicates that forest environments were also
present. However, the ecology of the giant Nihewan ostrich may not have been completely
similar to that of modern ostriches, which are clearly adapted to open environments. As
noted by Vekua [22], the very robustly built femur of Pachystruthio dmanisensis differs from
the more slender one of other large Pleistocene ostriches such as S. oldawayi, and may
indicate a bird less well adapted to rapid running. Similarly, Zelenkov et al. [23] suppose
that Pachystruthio may not have been as good a runner as modern ostriches because
of its great body mass. The same probably applies to the very robust Nihewan ostrich.
Only the discovery of more complete material will allow a more accurate assessment of
the locomotion of these giant ostriches. More generally, the scantiness of the available
material makes it difficult to reconstruct the general proportions of these birds and to draw
conclusions about their paleobiology. It should be noted that the widespread occurrence
of ostrich eggshell fragments (complete eggs being much less common) in the loess of
China [8,30], which was deposited under a cold climate during glacial episodes, shows
that the presence of ostrich remains cannot be used as evidence for a warm climate.

Largely on the basis of eggshell microstructure and ornamentation, Mikhailov and
Zelenkov [46] have proposed a reconstruction of ostrich evolutionary history that is rather
complex and will not be discussed here in detail. Suffice it to say that their hypothesis
of a Late Pliocene/Early Pleistocene dispersal of giant ostriches belonging to the genus
Pachystruthio, from eastern Europe to Central Asia, seems convincing. The occurrence of
a giant ostrich referrable to Pachystruthio in the Lower Pleistocene beds of the Nihewan
Basin indicates that this dispersal reached much farther eastward than previously realized.
The easternmost occurrences of Pachystruthio mentioned by Mikhailov and Zelenkov [28]
were finds of Late Pliocene/earliest Pleistocene eggshell remains from eastern Kazakhstan.
The Nihewan Basin is located roughly 3000 km farther east, and the occurrence there of
Pachystruthio shows that this giant ostrich in fact inhabited a very large part of central and
north-eastern Eurasia in the Early Pleistocene. This in agreement with the idea of ostrich
dispersal along the Eurasian steppes, all the way to North China, already put forward by
Andersson in 1929 [26].

Zelenkov et al. [23] have suggested that the very large size of Pachystruthio may have
been an adaptation to low-nutrition food linked to increased aridity, a hypothesis already
put forward by Murray and Vickers—Riche [47] to explain the increasingly large size of
Australian dromornithids. This is a possible explanation, but it should be remarked that
in China Pachystruthio lived in an environment that was not especially arid (see above).
Moreover, the later Struthio anderssoni, although large, was smaller than Pachystruthio
despite the fact that it apparently lived under a more arid climate (under which loess was
deposited). Moreover, the living ostrich Struthio camelus, which is significantly smaller than
Pachystruthio, lives (or used to live) in arid environments such as the margins of the Sahara
or the Syrian desert. One could also invoke Bergmann’s rule, which states that within a
zoological group forms living at higher latitudes under colder climates tend to be larger
than those from warmer climates at lower latitudes. However, it can hardly be used to
explain the large size of Eurasian ostriches, and especially Pachystruthio, since very large
ostriches, such as Struthio oldawayi, are also known from the Pleistocene of tropical Africa.

A final point worth noting is that, like at Dmanisi, Taurida Cave and Olduvai, giant
ostriches cohabited with early humans in the Nihewan Basin. Their remains are sometimes
found at anthropic sites, such as Goudi [43] and Feiliang [46]. Although there is factual evi-
dence of Paleolithic humans at least butchering ostriches [48], whether the early hominins
of the Nihewan Basin hunted the giant ostrich is uncertain: a bird twice the weight of the
living ostrich cannot have been an easy prey—although eggshell collecting may have been
less hazardous.
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