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Abstract   Antilospira is a small to medium-sized antelope with heteronymously spiraled horn 

cores. It was widely distributed in northern China from the Late Pliocene to the Early Pleistocene. 

It is a typical fossil bovid with important implications for biostratigraphy and antilopin evolution 

in China. Antilospira robusta is a species with highly fragmentary materials and has previously 

only been briefly discussed. Here we report on a new frontal with horn cores from the Early 

Pleistocene Wucheng Loess in Nalesi Township, Dongxiang Autonomous County, Linxia 

Basin, Gansu Province. This new material features heteronymously spiraled horn cores, deep 

longitudinal grooves, a sharp anterior carena on the horn core, and a large body size, which are 

characteristics similar to those of A. robusta. However, the horn base of the new material is more 

compressed than all the previously discovered spiral-horned antelopes, so we attributed it to 

Antilospira cf. A. robusta. This is the first time Antilospira has been found in northwestern China, 

and this discovery provides more morphological data for the classification of this group. CT scans 

of the horn core reveal the well-remodeled horn core trabeculae in Antilospira, which is different 

from what is observed in Spirocerus. The frontal sinuses are moderately developed in the Linxia 

specimen, extending backwards to the orbit but not to the horn base. The virtual reconstruction 

of the endocranial cast indicated that Antilospira has bending and narrow frontal lobes, wide 

temporal lobes, and relatively complex sulci on the cerebral hemisphere, which differ from extant 

Antilopini bovids in China. 
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1      Introduction

In the Pliocene to Pleistocene strata of northern China, fossil bovids with heteronymously 
twisted horn cores (the left horn core twist counterclockwise from base to top) are common, 
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such as Antilospira, Spirocerus, Sinoreas, and Lyrocerus (Teilhard de Chardin and Trassaert, 
1938; Bai et al., 2019; Tong et al., 2022; Zhang et al., 2024). These fossil bovids with 
heteronymously twisted horn cores mainly belong to two bovid groups. Sinoreas and 
Lyrocerus are considered to be large caprines, which are currently known only from the 
Pliocene strata of Yushe, Shanxi (Zhang et al., 2024). Antilospira, Spirocerus and the recently 
reported Gazellospira are medium to large sized antilopins, which are very common in 
Eurasia in the Pliocene and Pleistocene with many fossil materials and taxa (Boule et al., 
1928; Teilhard de Chardin and Yang, 1931; Teilhard de Chardin and Trassaert, 1938; Sokolov, 
1959; Kambaritdinov, 1966; Vangengeim et al., 1966; Alekseeva, 1977; Dmitrieva, 1977; 
Sharapov, 1986; Duvernois and Guérin, 1989; Athanassiou, 2005; Garrido, 2008; Dong et 
al., 2009; Rodrigo, 2011; Bellucci and Sardella, 2015; Bai et al., 2019; Hermier et al., 2020; 
Vislobokova et al., 2020; Tong et al., 2022; Wang et al., 2023). Antilospira and Spirocerus are 
mainly discovered in China, Russia, Mongolia, and Kazakhstan, and are important indicators 
for reconstructing paleoclimates and paleoenvironments (Zhang et al., 2024). In contrast, 
Gazellospira are mainly discovered in Europe and West Asia, but they are also reported from 
the Zanda region of the Tibetan Plateau (Wang et al., 2023). Despite the close relationships 
among Antilospira, Spirocerus, and Gazellospira, their phylogenetic status is highly 
debatable (Pilgrim, 1939; Bai et al., 2019; Hermier et al., 2020). Bai et al. (2019) claimed 
that these genera are closely related to extant Tragelaphus, whose horn cores are similarly 
heteronymously twisted, and assigned these genera to the subfamily Bovinae. However, 
Hermier et al. (2020) considered Rodrigo’s (2011) cladistic analysis to be much more robust, 
which indicates Gazellospira as a stem antilopin. The classification at the species level is even 
more debatable. For example, Antilospira zdanskyi from the Yushe Basin was considered a 
synonym of Spirocerus wongi by Bai et al. (2019), but it has been referred to as Gazellospira in 
recent studies (Hermier et al., 2020; Wang et al., 2023). Fragmentary remains from the Yushe 
Basin, Shanxi Province, have also been reassigned to Gazellospira by the latter. Zhang et al. 
(2024) followed the traditional opinion. They retained A. zdanskyi in the genus Antilospira, 
noting that the primary difference between Antilospira and Spirocerus is that the horn cores of 
Antilospira are spirally arranged. In contrast, the horn cores of Spirocerus are torsioned. 

Recently, a frontlet with spiral horn cores was collected for the first time in the Wucheng 
Loess of the Early Pleistocene in the Linxia Basin, Gansu. This discovery provides more 
fossil material and clues for the morphological and phylogenetic studies of this clade. The 
new material was excavated at the Shitougou fossil locality (LX0201) in Nalesi Township, 
Dongxiang County, Linxia, Gansu Province (Fig. 1). The new find belongs to the Early 
Pleistocene Longdan fauna. The fossil layer dates from 2.15 Ma to 2.58 Ma, and fossils of 
Sivapanthera linxiaensis have been reported here (Qiu et al., 2002, 2004).
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2      Materials and methods

The specimen described in this paper is housed at the 
Institute of Vertebrate Paleontology and Paleoanthropology,  
Chinese Academy of Sciences, Beijing, China (IVPP). The 
terminology and measurement of the skull and horn core follow 
Teilhard de Chardin and Trassaert (1938). For example, “carena” 
is the keel along the horn core, which is also called “carina” or 
“keel” (Sokolov, 1959; Bai et al., 2019). Ribbons are horn core 
surfaces divided by two carenas. Ribbon 1 is the zone above the 
anterior carena at the horn base in anterior view, and ribbon 2 is 
the zone below the anterior carena (Fig. 2). The terminology of 
the endocranial cast follows Evans and de Lahunta (2013) and 
Edinger (1948). All measurements were taken using a caliper 
with an accuracy of 0.1 mm. We use the 450 kV CT scanner at the 
IVPP to get the internal features of the frontal bone and horn core. 
The 3D reconstruction was performed using VGStudio 3.0 and 
Mimics 21.0.

Fig. 1   Geographic map of China and Nalesi Village, Linxia Basin, Gansu Province
A red triangle labels the Shitougou locality (LX0201)

Fig. 2   Schematic diagram of 
the left horn core of Antilospira 

in anterior view 
Abbreviations: ac. anterior 

carena; gr. groove; 
pc. posterior carena;

r1. ribbon 1; r2. ribbon 2

3      Systematic paleontology

    Family Bovidae Gray, 1821
Subfamily Antilopinae Gray, 1821

Antilospira Teilhard de Chardin & Young, 1931
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Antilospira cf. A. robusta Teilhard de Chardin & Piveteau, 1938

Referred material   IVPP V28541, a frontlet with two horn cores.
Description   The frontal of V28541 is preserved from the supraorbital foramen to the 

fronto-parietal suture. The distal parts of the two horn cores are both missing. The deformation 
is weak (Fig. 3, Table 1).

In the anterior view, horn cores are moderately divergent, and the divergence angle is 
approximately 75° (Fig. 3A). The horn cores are spiral and loosely torsioned. The remaining 
horn core exhibits approximately half a circle, so the complete horn core spiral is probably 
less than a circle. The surface of the horn core is rough. Originating from the anteromedial 
side of the horn base, the anterior carena is evident and sharp. In contrast, the posterior carena 
originates postero-laterally at the horn base, which is weak and round, and becomes weaker 
upwards. Ribbon 1 is convex, with a wide and deep groove parallel to the anterior carena. This 
groove is weak near the base of the horn core but becomes prominent in the distal part. Ribbon 
2 is relatively flat, with only a shallow groove. The horn cores have strong anterolateral-
posteromedial compression at the base, with a compression index of approximately 55%. In 
the lateral view, the horn cores are positioned directly above the orbits and incline noticeably 
backwards (Fig. 3C). The pedicle is short.

The internal structures of the right horn core were examined by using the CT scan 
machine. The cross-section is elongated, elliptical at the horn base, nearly circular at half 
length, and compressed and olive-shaped close to the top of the preserved section (Fig. 4A). 

Fig. 3   Photograph of Antilospira cf. A. robusta (IVPP V28541) from Linxia Basin 
in anterior (A), posterior (B) and right side (C) views

Abbreviations: fs. frontal suture; sf. supraorbital foramen. Other abbreviations are defined in Fig. 2
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Table 1   Measurements of the horn cores of Antilospira cf. A. robusta (IVPP V28541)  (mm)

Items Measurements
Anteromedial-posterolateral diameter of the horn base (APD) 56.3 (L), 57.8 (R)
Transverse diameter of the horn base (TD) 31.1 (L), 32.6 (R)
Maximal diameter at the half 37.3 (R)
Minimal diameter at the half 28.7 (R)
Distance between the horn bases 27.2
Distance between the supraorbital foramina 59.5
Horn length, preserved 141.0 (L), 163.0 (R)

The anterior carena of the right horn core twists evenly upwards, with ribbon 1 and ribbon 2 on 
its two sides. At the horn base, ribbon 1 is more convex and longer than ribbon 2 in the cross-
section. In contrast, ribbon 2 becomes more convex and longer in the cross section in the upper 

Fig. 4   Cross and sagittal sections of the right horn 
core of Antilospira cf. A. robusta (IVPP V28541) 

from Linxia Basin
A. cross section from tip to base (1–6); 

B. comparison of the sagittal sections of the horn 
cores in Antilospira (B1) and Spirocerus (B2)

The bone wall of ribbon 1 in A is indicated in blue, 
and the bone wall of ribbon 2 is indicated in red 

B2 is modified from Tong et al. (2022)

half of the horn core (Fig. 4A). The spiraled 
horn core has undergone strong remodeling, 
with irregular trabeculae and unevenly thick 
compact bone. The bone wall of ribbon 1 is 
markedly thicker and denser than ribbon 2, 
especially in the lower half of the horn core. 
Along the longitudinal groove, the compact 
bone wall is almost absent, probably due to 
bone resorption after the horn core growth 
(Fig. 4). The center of the horn core is 
porous, with relatively larger sinuses, which 
extend longitudinally along the horn core. 
However, these sinuses are irregular in the 
cross sections and do not form a long straight 
canal as in Spirocerus wongi (Fig. 4B; Tong 
et al., 2022).

The frontal bone anterior to the horn 
core is broad and flattened, and the frontal 
curves slightly between the horn cores (Fig. 
3). The interfrontal suture is clear, with 
slight elevation. The supraorbital foramen 
sunk deeply in a large and deep fossa, 
which is nearly triangular. The supraorbital 
foramina are wide apart, but are close to the 
horn base, with a distance of approximately 
2–3 cm. The frontal bone is moderately 
thick with moderate frontal sinuses seen in 
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bovids (Farke, 2010). The frontal sinuses pervade into the frontal anteriorly, but do not extend 
backwards to the horn base (Fig. 5A).

Only the anterior half of the braincase was preserved. The cerebral hemisphere of 
Antilospira cf. A. robusta is wide. In dorsal view, the endocranial cast narrows strongly from 
the temporal lobe to the frontal lobe (Fig. 5C). The frontal lobe of A. cf. A. robusta are different 
from the extant antilopins in China, such as Procapra gutturosa and Gazella subgutturosa, 
whose brains are typically pear-shaped, and the frontal lobe has straight or convex lateral 
profiles in dorsal view. In lateral view, the dorsal profile bends down between the frontal lobe 
and the parietal lobe (Fig. 5D). The sulci on the endocranial cast are relatively clear. The 
sulci above the Sylvian sulcus are complicated by the presence of ectosylvian sulcus beneath 
suprasylvian sulcus (Fig. 5D).

Fig. 5   3D reconstruction and endocranial cast of Antilospira cf. A. robusta (IVPP V28541) from Linxia Basin
A, B. 3D reconstruction of the frontal sinuses (blue), endocranial cast (red), and the skull (transparent) in 

frontal (A) and anterior (B) views; C, D. virtual reconstruction of the endocranial cavity in dorsal (C) 
and left lateral (D) views. The main sulci are indicated with white lines

Abbreviations: cos. coronal sulcus; crs. cruciate sulcus; ef. ethmoidal foramen; es. ectosylvian sulcus;
lf. longitudinal fissure; ob. olfactory bulb; ot. olfactory tract; rhs. rhinal sulcus; ss. Sylvian sulcus;

 sus. suprasylvian sulcus

4     Comparison and discussion

With heteronymously spiraled horn cores, relatively weak torsion, evident anterior carena 
and deep longitudinal grooves on the horn core, compressed horn base, large pits around the 
supraorbital foramen, flat frontal anterior to the horn bases, and a large body size, the new 
specimen is most similar to Antilospira robusta from the Yushe Basin. However, the horn 
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base of the new specimen is much more compressed than all other spiral-horned antelopes. 
Considering that there is only one specimen from the Linxia Basin, we are not sure whether it 
is a stable difference or within the intraspecific variation. Thus, we refer the new material from 
the Longdan fauna to a conformis species of A. robusta (Fig. 6).

Four species of Antilospira have been described to date. The type species, A. licenti 
(Teilhard de Chardin and Yang, 1931), was first discovered in the Late Pliocene strata of Jingle, 
Shanxi. This small-sized antelope also represents the most abundantly documented species 
in the genus, with fossil specimens subsequently reported from Hebei, Shanxi, and Gansu 
(Tang, 1980; Chen, 1994; Zhang et al., 1999). The new material differs from A. licenti in its 
considerably larger body size, more compressed horn cores, and weaker posterior carenas. 
A. yuxianensis, named by Tang (1980) based on specimens from Yuxian, Hebei, is currently 
recognized as a junior synonym of A. licenti (Zhang et al., 2009; Bai et al., 2019).

?Antilospira gracilis, A. zdanskyi, and A. robusta were first discovered in Yushe, Shanxi. 
?Antilospira gracilis and A. zdanskyi were found in Late Pliocene strata, whereas A. robusta 
was found in Early Pleistocene strata (Teilhard de Chardin and Trassaert, 1938; Zhang et al., 
2024). ?Antilospira gracilis is relatively small-sized; in contrast, the new material exhibits 
a larger body size and horn cores with more anteroposterior compression. However, both 

Fig. 6   Comparison of the horn base diameters of Antilospira, Spirocerus, and Gazellospira species 
found in China 

Data for A. licenti, ?A. gracilis, A. robusta are from Teilhard de Chardin and Trassaert (1938), 
data for A. zdanskyi are from Teilhard de Chardin and Trassaert (1938), and Bai et al. (2019), 
data for S. wongi are from Teilhard de Chardin and Trassaert (1938), and Tong et al. (2022), 

data for S. peii is from Yang (1932), data for S. cf. S. peii is from Teilhard de Chardin and Trassaert (1938), 
data for G. tsaparangensis are from Wang et al. (2023)

Abbreviations: APD. anteromedial-posterolateral diameter of the horn base; 
TD. transverse diameter of the horn base 
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share a similar concentration of grooves on ribbon 1. Notably, no fossil specimens beyond the 
holotype have been attributed to ?A. gracilis.

Antilospira zdanskyi is a relatively large species within the genus Antilospira. The new 
material approaches it in body size and similarly possesses deep and enlarged supraorbital 
foramina. However, the horn cores of the new material are more compressed, with weakly 
developed posterior carenas and a greater number of grooves on the surface. The taxonomic 
classification of A. zdanskyi remains a subject of controversy. Based on their study of fossils 
from Tianzhen, Shanxi Province, Bai et al. (2019) assigned this taxon to Spirocerus wongi, 
proposing A. zdanskyi as a junior synonym of S. wongi. However, a comparative examination 
of their horn cores reveals evident morphological distinctions between spiral and twist. 
Moreover, the posterior carena of the S. wongi horn core is markedly less developed than that 
of A. zdanskyi. Additionally, Antilospira exhibits a gradual increase in size over time, while 
Spirocerus demonstrates a progressive decrease in size (Tong et al., 2022). Therefore, body 
size cannot serve as a diagnostic criterion for taxonomic assignment of these sympatric taxa 
during the Late Pliocene, thus precluding their synonymization (Fig. 5). Hermier et al. (2020) 
proposed synonymizing A. zdanskyi with Gazellospira gromovae under the new combination 
Gazellospira zdanskyi comb. nov. and assigned a fragmentary left horn core from Yushe to this 
taxon (Hermier et al., 2020; Kostopoulos, 2022). The horn core morphology of Antilospira and 
Gazellospira is extremely similar, with both exhibiting a heterotrophically spiral morphology. 
Their most significant distinction lies in the horn core surface: Antilospira possesses numerous 
longitudinal grooves and typically displays a more evident anterior carena, while Gazellospira 
exhibits a relatively smooth surface lacking distinct grooves, but features a more pronounced 
posterior carena (Hermier et al., 2020; Wang et al., 2023). The designation G. zdanskyi is 
justified by its relatively smooth horn core surface. However, in light of its evident anterior 
carena and its closer geographic and temporal proximity to the type species of Antilospira, we 
leave this debate open for future research to resolve.

Antilospira robusta likewise represents a larger morphotype within the genus. The 
holotype is a partial cranium with horn cores (THP (Accession number of Tianjin Natural 
History Museum) 14308), collected from Qingyangping (Loc. 46) in the Yushe Basin, with 
an age of Early Pleistocene (Teilhard de Chardin and Trassaert, 1938). Comparisons with 
the new material reveal shared morphological features in several aspects: these specimens 
exhibit comparable size, with horn cores extending posterolaterally and displaying a weak 
heteronymously spiral; ribbon 1 is convex, with an extremely sharp anterior carena, followed 
posteriorly by a deep longitudinal groove and several shallower grooves; ribbon 2 lacks well-
developed longitudinal grooves; the supraorbital foramen is deeply sunken within a fossa– 
the external margin of which is subtriangular. However, the new material also differs in 
having more compressed horn cores and a smoother surface on ribbon 2. Considering these 
differences, we attribute the new spiral-horned antelope specimens from the Linxia Basin 
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to Antilospira cf. A. robusta. Antilospira robusta was initially considered a doubtful species 
of the genus Antilospira in its first report by Teilhard de Chardin and Trassaert (1938), and 
its uncertain phylogenetic position was not discussed by subsequent researchers due to the 
scarcity of their fossil materials (Zhang et al., 2024). Bai et al. (2019) referred to Antilospira 
without providing further discussion, and we follow them in this study. Until now, only four 
incomplete skulls have been described in the Early Pleistocene of Yushe, Shanxi. These 
specimens have massive skulls, slowly torsional horn cores, and sharp anterior carena, which 
distinguish them from other species within the Antilospira genus. However, they also share the 
characteristics of heteronymously twisted horn cores and longitudinal grooves with the type 
species A. licenti. There are also records of A. robusta in the Early Pleistocene Xinyaozi fauna, 
without further reports (Zhou et al., 1991).

The new material also differs from other heteronymous-horned antelopes in several ways. 
In contrast to Spirocerus, its horn core exhibits a heteronymous spiral rather than a twist, with a 
lower degree of torsion, higher compression, and an indistinct posterior carena. The distinction 
between twisted and spiraled horn cores is also manifested in their internal structure. The 
specimen IVPP V28650 of Spirocerus wongi represents the only specimen among the two 
genera that has undergone CT scanning to reconstruct its internal anatomy (Tong et al., 2022). 
Compared to V28650, the new material exhibits a larger and irregularly shaped medullary 
cavity within the horn core, with a shorter longitudinal extension, indicating different bone 
resorption and remodeling processes. Compared to Gazellospira, its horn core exhibits a lower 
degree of torsion, bears longitudinal grooves, and develops an evident anterior carena but an 
unevident posterior carena (Garrido, 2008).

5      Conclusions

The new specimen from the Linxia Basin is a large antelope with slowly and 
heteronymously spiraled horn core, sharp anterior carena, and a strongly compressed horn 
base, and we assign it to Antilospira cf. A. robusta temporally. The new discovery enlarges 
the distribution of Antilospira to northwest China, and increases our knowledge of this bovid 
clade, including Antilospira, Spirocerus, and Gazellospira. For the first time, we reconstructed 
the frontal sinuses and partial virtual endocranial cast of Antilospira, revealing moderate 
frontal sinuses and clear, complex cerebral sulci. The CT images show well developed 
remodeling of the horn core trabeculae in the Antilospira, characterized by irregular cavities in 
the inner medullary region and unevenly thick compact bone in the outer region.
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甘肃临夏盆地早更新世旋角羚羊化石的首次发现

许兴栋1,2   史勤勤1

(1 中国科学院古脊椎动物与古人类研究所，脊椎动物演化与人类起源重点实验室  北京 100044)

(2 中国科学院大学  北京 100049)

摘要：旋角羚羊(Antilospira)是一类长有异向旋转角心的中小型牛科动物，在晚上新世至

早更新世广泛分布于中国北方，是中国上新世至更新世的代表性牛科动物之一，对生物年

代的判断和羚羊族动物的演化研究都具有重要意义。其中粗壮旋角羚羊(A. robusta)由于化

石较破碎，一直缺乏相关的研究。报道了产自甘肃省临夏盆地东乡族自治县那勒寺乡早

更新世午城黄土中的一件带角心的额骨新材料，其个体较大，角心异向旋转且盘旋，角

基侧扁，角心表面具长而深的沟槽，前棱尖锐等特征，与榆社盆地的粗壮旋角羚羊形态

最为接近；但由于临夏盆地的新材料角基部侧扁强烈，暂将其定为粗壮旋角羚羊相似种

(Antilospira cf. A. robusta)。新材料的发现将旋角羚羊的分布范围扩大到中国西北地区，并

为同时期具有异向旋转角心的羚羊族动物间的分类关系讨论提供了更多的形态学证据。新

材料角心的CT扫描结果表明旋角羚羊的角心内部存在复杂的骨小梁重建过程。额窦的三维

重建显示旋角羚羊的额窦中等程度发育，向后延伸至眼眶上缘，但没有延伸至角心基部。

旋角羚羊的颅内模额叶部分明显向下弯折，颞叶宽、脑沟回较复杂，与中国现生的羚羊族

动物差别较大。

关键词：临夏盆地，早更新世，旋角羚羊，牛科动物

中图法分类号：Q915.876         文献标识码：A         文章编号：2096–9899(2026)01–0047–12
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