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Abstract 

The Linxia Basin, Gansu Province, China, is known for its abundant and well preserved fossils. Here a new species, Eu-

prox grandis sp. nov., is established based on a skull and antlers collected from the upper Miocene Liushu Formation of 

the Linxia Basin. The new species is distinguishable from other Euprox species by its large body size, notably long pedicle 

and weak burr. The main beam and the brow tine are slightly curved both medially and backwards, and the apex of the 

main beam turns, curving slightly laterally. The upper cheek teeth are brachydont, with a clear central fold on the premo-

lars and internal postprotocrista and metaconule fold on M1-M2. The cingulum is almost absent, only occasionally weakly 

developed at the anterior and lingual surface of the teeth. Cladistic analysis was carried out using the TNT software, and 

two most parsimonious trees were retained. As the strict consensus tree shows E. grandis appears to be an advanced mun-

tiacine form, which may have a close relationship with the genus Muntiacus. The presence of E. grandis in the Linxia 

Basin adds new evidence to support a warm and humid environment during the late Miocene in the basin. 

Key words: Linxia Basin, upper Miocene Liushu Formation, Cervidae, Muntiacinae, Euprox

Introduction

The Linxia Basin, Gansu Province, China, known for its abundant and well preserved fossils, is located in the 

transitional zone between the Tibetan and Loess plateaus, and filled with 700–2000 m of Cenozoic deposits. The 

currently accepted lithostratigraphical subdivisions of the Linxia Cenozoic deposits (Deng et al. 2004a, 2004b, 

2013; Deng 2005), in ascending order, are as follows. Oligocene: Tala and Jiaozigou formations; Miocene: 

Shangzhuang, Dongxiang, Hujialiang, and Liushu formations; Pliocene: Hewangjia and Jishi formations; early 

Pleistocene: Wucheng Formation. 

Here, a new species of two-pronged antlered deer is described based on the specimens collected from the upper 

Miocene deposits of the Linxia Basin. The Miocene two-pronged antlered cervids with true burr and strongly 

inclined pedicle in side view, such as Euprox Stehlin 1928, Muntiacus Rafinesque 1815, Paracervulus Teilhard de 

Chardin & Trassaert 1937, Eostyloceros Zdansky 1925 and Amphiprox Haupt 1935, were proposed to be the 

predominant representatives of the subfamily Muntiacinae (Azanza, 1993; Azanza & Montoya 1995; Azanza et al. 

2013; Wang & Zhang 2011). The new specimens from the Linxia Basin resemble the genus Euprox by the 

relatively large body size, long pedicle and short antler base, thus were placed in Euprox, and a new species, 

Euprox grandis sp. nov. was erected based on the notably large body size and long pedicle and relatively weak 

burr.

Previously, only Euprox cf. furcatus from Shanxi Province, E. sp. from Tunggur and the Qsaidam Basin, E. 

robustus from Yuanmou and E. altus from Nei Mongol were reported in China, and were usually rare or 

fragmentary, without associated skull and antlers (Zdansky 1925; Bohlin 1937; Colbert 1936, 1940; Dong et al. 
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2003; Wang & Zhang 2011). Euprox is also rare in the Linxia Basin. A pair of antlers was first collected by the 

local “dragon bone” gatherer in 2002 from the Huaigou locality (LX 0029, N35°22'51.4"; E103°26'54.4"; H 2240 

m) (Figure 1), Guanghe County. Similar materials were not found until in 2010 a skull and a pair of antlers from the 

same individual were collected from Heitupowan (LX 1003, N35°23'48.7"; E103°14'40.8"; H 2482 m), Hezheng 

County, but no mandible has ever been discovered. The skull, though undergoing vertical compression and 

moderately damaged, preserves most of the frontal bone, maxillary, palate, occipital region, and the upper cheek 

teeth, which are significant in the classification of cervids. In particular, the antlers from Heitupowan, though 

broken at the insertion of the pedicle, preserve a clear fracture surface on the left antler pedicle, which matches the 

fracture on the skull exactly, indicating the antlers belong to the same individual as the skull. Therefore, the exact 

position and direction of the antlers can be observed and the accurate length of the pedicle can be measured. 

In research on antlered deer, one of the most problematical considerations is the separation of the skull and 

antler, and usually antlers, isolated teeth and postcranial material are found separately. Therefore, many genera 

have been erected mainly on antlers. At the initial phase of the antler evolution, the structures of the antler, for 

instance, the position and direction of the antler, the presence or absence of the burr, the length and cross section of 

the antler base, and the direction of the main beam and the brow tine etc., vary greatly in different lineages. 

Therefore, the classification of many genera, which were erected mainly on antlers, turns out to be very 

problematic. The new findings from the Linxia Basin provide a good opportunity to study details of the evolution 

and classification of early cervids.

FIGURE 1. Distribution of Euprox grandis sp. nov. in the Linxia Basin

Material and methods

The new specimens studied in this paper were found from the upper part of the Liushu Formation, which consists 

of light yellowish-brown carbonate-cemented siltstones with thin intercalated mudstones and marls. At the 

Heitupowan locality, the fossiliferous deposit is at the boundary of the red clay and the overlying thick 

conglomerate layer. All the specimens are housed in the Institute of Vertebrate Paleontology and 

Paleoanthropology, Chinese Academy of Sciences. 

Bearing two-pronged antlers, the new specimens were compared with all the known Miocene two-pronged 

antlered deer and are attributed to Euprox based on the presence of a true burr. The new specimens were compared 
HOU44  ·  Zootaxa 3911 (1)  © 2015 Magnolia Press



with all the known Euprox species, and E. grandis sp. nov. is erected. A cladistic analysis was performed using 

TNT software to evaluate the phylogenetic relationships of the early two-pronged antlered deer based on a matrix 

of 12 taxa and 27 characters. The paleoenvironment of the Linxia Basin was also discussed based on the 

morphology and measurements of the antler and the teeth of the new specimens.

Terminology and abbreviations: The new species is described and studied by common methods in 

paleontology, and the anatomical terminology used in this paper is according to Bärmann & Rössner (2011), Janis 

& Scott (1987) and Dong (2004, 2008). Measurements follow Heintz (1970a, 1970b). IVPP, the abbreviation of the 

Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences, Beijing, China. IVPP 

V or V, specimen prefix of IVPP. LX, IVPP’s fossil locality number in the Linxia Basin.

Systematic Paleontology

Order ARTIODACTYLA Owen, 1848

Family CERVIDAE Gray, 1821

Subfamily MUNTIACINAE Pocock, 1923

Genus Euprox Stehlin, 1928

Type species Euprox furcatus (Hensel, 1859)

Euprox grandis sp. nov. 

(Figures 2–6; Tables 1–2)

Etymology. The new species is larger than all the known species of Euprox, so it is named by this character. 

Holotype. IVPP V 20080.1-3, an adult skull and a pair of antlers (Figures 2-4, 6). The skull was compressed 

vertically, and the anterior and middle part of the snout, the zygomatic, the posterior part of the frontal bone, the 

parietal bone and the temporal-squamosal region are partly missing; the pedicle ridge is crushed, but there are clear 

fracture surfaces preserved on both the skull and the pedicle ridge of the left antler, which indicate they belong to 

the same individual. The right M3 is broken at the second lobe.

Included specimens. IVPP V 20081.1-2, a pair of nearly complete antlers (Figure 5). The pedicle ridge is 

almost entirely missing, and only the left antler preserves a small part of the pedicle ridge. The right antler is 

laterally compressed.

Locality and Horizon. upper part of the Liushu Formation, late Miocene, late Bahean Chinese land mammal 

age, with an age of about 8 Ma (Deng et al. 2013). 

Diagnosis. The largest known Euprox with significantly long pedicle and weak burr. The skull length is about 

twice that of Muntiacus reevesi, and 150% of M. muntjak; and the cheek teeth about 115-120% of E. robustus. The 

ethmoidal fissure is broad; the preorbital fossa is small, reaching forward to a level above the anterior part of P4; 

the orbit is behind and above M3; the pedicle arises above the middle and posterior part of the orbit rim and 

inclines backwards and laterally, curving slightly posteriorly; the burr is clear but weak; the two prongs diverge 

medio-laterally slightly above the burr at an angle of about 30º; the main beam and the brow tine are weakly curved 

medially and posteriorly, and the distal end of the main beam turns to curve laterally; the main beam is thinner and 

shorter than the pedicle, and the brow tine is about 60–70% as long as the main beam; the burr and the lower part of 

the prongs are decorated by weak longitudinal grooves and crests; the cheek teeth are brachydont, with strong 

parastyle and paracone rib, medium internal postprotocrista and metaconule fold, and weak external postprotocrista 

in the upper molars; the cingula are weak or absent.

Description. Most of the nasal bone is missing, so the anterior part of the nasal cavity is exposed, and there is 

a clear sagittal crest on the dorsal surface of the palate (Figure 2a). The naso-frontal suture is broad and convex 

backwards. Only the posterior part of the ethmoidal fissure is preserved, which is broad and inserts between the 

frontal bone and the lacrimal bone; the medial border of the ethmoidal fissure inclines antero-medially and the 
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lateral border directs forwards; the visible broadest part of the ethmoidal fissure is at the level of the anterior end of 

the frontal bone, about 17 mm at the right side and 21 mm at the left side; broken turbinates can be observed from 

the ethmoidal fissure. The frontal bone is broad and weakly concave between the pedicle ridges, and there is a 

weak ridge along the frontal-frontal suture. The supraorbital fossae set slightly anterior to the posterior rim of the 

orbit, far away from the frontal-frontal suture and close to the pedicle ridge. The pedicle ridge arises above the 

middle of the orbital rim, and it is concave at the base on both the supra-medial and the infra-lateral surfaces; the 

two pedicle ridges form an angle of about 30º. The posterior part of the frontal bone and the parietal bone are 

missing, only the squamosal part of the temporal bone on the right side is preserved. The supraoccipital bone is 

nearly parallel to the basioccipital bone. Thick cancellous bone can be observed from the fracture surface, which is 

thin in the middle (about 8 mm) and thick on lateral sides (about 25 mm). The nuchal crest is nearly straight, 

without a tuberosity in the middle, which differs from the extant muntiacines; the crest extends infra-laterally and 

ends at a triangular protuberance. 

The right side of the skull is better preserved than the left side (Figure 2b). The infraorbital foramen is broken, 

which is about 16 mm infro-anterior to P2. The lacrimal pit is deep and strongly compressed. The right orbit is 

complete but undergoes a dorsoventral compression; it is 50 mm long and 33 mm high (due to the compression), 

the estimated, uncompressed length×width is about 40 mm × 40 mm. The postorbital process of the frontal bone is 

significantly broad compared with the postorbital process of the maxillae. The lateral surface of the pedicle ridge is 

concave, above and posterior to the orbit. The temporal surface of the cranium is notably medial to the lateral 

surface of the pedicle ridge, and the distance between these two surfaces is about 55 mm. The process of 

mandibular fossa (post-glenoid process) is strong, which can be observed from the lateral side; there is a gap about 

15 mm between the process of mandibular fossa and the base of the paroccipital process for the external auditory 

meatus to get through. 

The palate is flat and broad (Figure 2c), forming an angle of about 20º with the basioccipital bone in lateral 

view; there’s a thin crest along the palatine suture. The anterior border of the choana reaches the posterior part of 

M3 at the lateral side and extends at least 16 mm behind M3 in the middle. The vomer is thick, and it is close to the 

foramen orbitale. The foramen ovale is big, set between the foramen orbitale and the foramen lacerum. The 

basioccipital bone is broad and flat. The posterior tuberosities are strong with notable concavities lateroanteriorly 

located, and the pharyngeal tuberosities are very weak. The occipital condyle is broad from the ventral view. Two 

separated hypoglossal foramina can be observed; the anterior one is large and can be observed at both the 

condyloid fossa from the ventral view and the inner surface of the occipital condyle from the occipital view, while 

the posterior one is smaller and can only be seen at the inner surface of the occipital condyle from the occipital 

view.

The occipital region (Figure 3) is low and broad, with a weak occipital crest. The external medial crest of the 

occipital is very weak, as are the lateral fossae along the upper part of the external medial crest of the occipital.

The antlers of the holotype V 20080 (Figure 4) are partly broken off at the pedicle ridge. The break of the left 

antler is from the orbit rim to a point about 2/5 up the pedicle; the right antler was broken at the ventral and lateral 

part of the pedicle. The pedicle is notably long (Table 1). The pedicle inclines supra-posteriorly from the lateral 

view and postero-laterally from the dorsal view, with the distal part curving slightly backwards. The surface of the 

pedicle is smooth. The cross section at the pedicle ridge is triangular at the insertion, and then becomes oval 

immediately; the long axis of the cross section changes from antero-posterior to medio-lateral. The burr consists of 

a series of bony nodes and appears as an oval pearl ring. The diameter of the nodes is 5-8 mm, so that the burr only 

weakly projects from the pedicle. The weakest part of the burr is at the posterior surface. The cross section of the 

burr is also oval, and its long axis matches with the distal cross section of the pedicle. The antler base (shaft) is low 

and thick, about 30-40 mm in height. The main beam and the brow tine diverge medio-laterally at an angle of about 

30º. The main beam is shorter than the pedicle and has a smaller diameter than the latter; it arises directly from the 

burr and curves both medially and backwards; a large shallow concave can be observed on the medial surface of 

the proximal part of the main beam and extends to the base of the brow tine; the distal end of the main beam curves 

postero-laterally. The brow tine is at the medial side of the main beam, and also arises directly from the burr; it is 

about 3/5 as long as the main beam, and only very weakly curves backwards; the lateral surface of the brow tine is 

more concave than the medial surface. The antler is weakly ornamented with longitudinal grooves and crests 

covering the surface from the proximal part of the main beam and the brow tine to the burr; the ornamentation is 

also weaker on the posterior surface than the anterior surface.
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FIGURE 2. Skull of Euprox grandis sp. nov. (V 20080.1, holotype). a, dorsal view; b, lateral view; c, ventral view; scale bar 

equals 5 cm; the dash line shows the orientation of the pedicle ridge.
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FIGURE 3. Occipital view of the skull of Euprox grandis sp. nov. (V 20080.1, holotype). Scale bar equals 5 cm.

The referred specimen V 20081.1-2 (Figure 5) is a pair of well-preserved antlers, only broken at the start of the 

pedicle ridge; and the pedicle of the right antler is strongly compressed medio-laterally. The antler is larger than 

antlers of the holotype. The pedicle is longer than the main beam and has a smooth surface. The burr is weak, more 

prominent anteriorly. The main beam and the brow tine have more pointed apexes, and are also more curved than in 

the holotype. The concave between the main beam and the brow tine on the superior surface of the antler base is 

narrower and shallower than in the holotype. The ornamentation of the antler is weaker than in the holotype, gently 

developed from the middle of the main beam and the brow tine to the burr. The angle between the main beam and 

the brow tine is about 30º. This pair of antlers may belong to an older individual than the holotype.

The upper cheek teeth (Figure 6) of the holotype are well preserved, only the right M3 is broken at the second 

lobe. The tooth row is gently curved, and the M1-M3 length is longer than the P2-P4 length. The dental 

morphology is described below (see Table 2 for measurements).

TABLE 2. Measurements of the upper cheek teeth of Euprox grandis sp. nov. from the Linxia Basin (mm)

Tooth Length Width Height Hypsodonty index

P2 left 17.0 15.7 13.0 76.47

right 17.0 16.0 13.0 76.47

P3 left 17.2 17.5 13.9 80.81

right 16.2 17.3 14.0 86.42

P4 left 16.0 19.0 13.5 84.38

right 14.0 19.1 14.2 101.43

M1 left 20.2 21.3 11.0 54.46

right 20.6 21.4 11.0 53.40

M2 left 24.0 25.7 14.0 58.33

right 23.9 25.7 14.0 58.58

M3 left 22.8 23.5 14.0 61.40
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FIGURE 4. Antlers of Euprox grandis sp. nov. (V 20080.2-3, holotype) a, V 20080.2, left antler, anterior view; b, V 20080.2, 

left antler, medial view; c, V 20080.3, right antler, posterior view; scale bar equals 5 cm.

The length of P2 is greater than its width. P2 is composed of two crescents. The lingual crescent is narrow, and 

the anterolingual cone and the posterolingual cone (=hypocone in Gentry et al. 1999) are similar in size and not 

separated. Three tiny central folds (medial cristae in Dong 2004) appear on the posterolingual cone of the left P2. 

The anterolabial cone (paracone in Gentry et al. 1999) is slightly larger than the posterolabial cone (metacone in 

Gentry et al. 1999), and they are both larger than the anterolingual cone. The anterior style (parastyle) and the 

anterolabial cone rib (paracone rib) are strong, which are nearly vertical, while the mesostyle and the posterior style 

(metastyle) are not developed. P2 lacks cingulum.

P3 is near square, slightly wider than long. The length of P3 is similar to P2 but the width is larger than P2. Its 

lingual crescent is thicker and more convex than in P2, and the central fold is stronger than in P2 and connected to 

the posterolabial cone after being worn. The anterior style and the anterolabial cone rib are strong. There is no 

cingulum.

The width of P4 is greater than its length. The lingual crescent is as thick as in P3 but much shorter than the 

latter; the central fold is stronger than in P3, connected to the posterolabial cone in the left P4 and separated from 

the posterolabial cone in the right P4; there is one more tiny fold posterior to the central fold in the left P4. The 

labial crescent is as in P2 and P3 but much shorter. The anterior style and the anterolabial cone rib are strong and 

the posterior style is relatively weak. There is no cingulum.

The width of M1 is slightly greater than its length. It is composed of four selenodont main cusps. The lingual 

main cusps are lower than the buccal ones. The internal postprotocrista (neocrista in Gentry et al. 1999) is 

developed and bifid, while the external postprotocrista (postprotocrista in Gentry et al. 1999) is very weak. The 

premetaconulecrista is relatively strong; there is one tiny internal premetaconulecrista fold in the right M1, which 
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directs to the posterior fossa, and there is one internal premetaconulecrista fold and one external 

premetaconulecrista fold in the left M1.The metaconule fold (spur in Gentry et al. 1999) is stronger than the 

premetaconulecrista fold and weaker than the internal postprotocrista. The parastyle, mesostyle and paracone rib 

are strong, and the metastyle is relatively weak and only slightly protrudes buccally. The metacone rib is very 

weak. The anterior cingulum is only very weakly developed on the protocone, and the posterior cingulum only 

weakly visible at the postero-lingual corner of the metaconule.

M2 is similar to M1 in shape and larger than M1. The internal postprotocrista and metaconule fold are stronger 

than in M1. The metacone rib is still weakly developed but stronger than in M1. The cingulum is almost absent, 

only the lingual cingulum being visible, which is very thin and not continuous.

M3 is similar to M1 in size but bears a smaller second lobe. The internal postprotocrista and the postprotocrista 

are the largest of the three molars and the internal postprotocrista is slightly folded. There are two small external 

premetaconulecrista folds and the metaconule fold is absent. The parastyle, paracone rib and the mesostyle are 

weaker than in M1 and M2, but the metacone rib is stronger than in M2. There is a very weak entostyle and there is 

no cingulum.

FIGURE 5. Antlers of Euprox grandis sp. nov. (V 20081.1-2) a, V 20081.1, left antler, anterior view; b, V 20081.2, right 

antler, posterior view; scale bar equals 5 cm.
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FIGURE 6. Dentition of Euprox grandis sp. nov. (V 20080.1, holotype). Scale bar equals 2 cm.

Comparison and discussion

Comparison among Miocene two-pronged antlered deer. The antlers described above are simple and two-

pronged. Previously studied Miocene two-pronged antlered cervids were assigned to Procervulus Gaudry 1878, 

Heteroprox Stehlin 1928, Dicrocerus Lartet 1837, Acteocemas Ginsburg 1985, Euprox, Muntiacus, Paracervulus, 

Eostyloceros, Amphiprox, and Lucentia Azanza and Montoya 1995. 

Procervulus and Heteroprox are the earliest known cervids with two-pronged appendages (Gentry 1994; 

Gentry et al. 1999). Procervulus appears in the MN 3 of Spain and Germany (DeMiguel et al. 2008), and became 

common in Europe during MN 3 and MN 4. The two-pronged fork sets on a long straight pedicle which lacks an 

obvious burr or burr-like structure, and bends slightly inwards (Rössner 1995). Such an antler was called a 

protoantler (Gentry 1994; Gentry et al. 1999), and can be easily distinguished from the new specimens. Heteroprox

was supposed to be a probable descendant of Procervulus and well documented in European faunas from MN 5-

MN 8 (Gentry 1994; Gentry et al. 1999; Pitra et al. 2004). It is similar to Procervulus in size and slightly younger 

in age, the molar hypsodonty index (height/length) of the former is larger than the latter, and the premolars are 

more elongated and a little more molarized in the former. It also has protoantlers, with rugose surface extending 

from the prongs to a level slightly below the fork. Not all Heteroprox have exactly two tines (Ginsburg & Crouzel 

1976; Wang & Zhang 2011), one known specimen has a third tine (Ginsburg & Crouzel 1976, Fig. 4, Sa 3399). 

Dicrocerus is common in Central Europe and France in MN 5 and MN 6 faunas (Gentry et al. 1999; Pitra et al. 

2004); it bears a burr-like structure, the straight prongs arise from a wide basal plate and diverge antero-posteriorly; 

the pedicle is relatively short and strong, but the diameter of the pedicle is smaller than the protoantler base. 

Dicrocerus was considered probably derived from Acteocemas, the latter of which was erected by a single cranial 

appendage that consists of a short, ornamented two-pronged fork on a delicate burr-like structure and a strong 

pedicle (Thenius 1948; Gentry et al. 1999; Wang et al. 2009). Procervulus and Heteroprox are grouped at the 

subfamily level as Procervulinae, and Acteocemas and Dicrocerus are grouped as Dicrocerinae according to 

Azanza (1993); while McKenna & Bell (1997) place Heteroprox, Acteocemas and Dicrocerus in Dicrocerini of 

Muntiacinae, and Procervulus in Lagomericini of Muntiacinae. The new specimens differ from the genera 

discussed above by possessing a true burr and medio-laterally divergent prongs; the ornamentation of the antler 

surfaces in the new specimens is weaker than in Heteroprox and Dicrocerus. 

Euprox, Eostyloceros, Muntiacus, Paracervulus, Amphiprox and Lucentia are Miocene cervids that bear two-

pronged antlers with a true burr. Euprox is distributed in the middle-upper Miocene deposits of Eurasia; it has a 

complete burr rather than the wide basal plate in Dicrocerus and Acteocemas; the main beam and the brow tine are 

medio-laterally divergent at a short distance above the burr, and they are both slightly curved, which is different 

from the straight prongs in Dicrocerus; the pedicle is relatively long and the antler base is relatively longer than the 

shaft of Dicrocerus. The new specimens resemble Euprox in all the characteristics listed above, but the body size of 

the new specimens is larger than any known Euprox, and the length of the pedicle and the antler index (length of 

pedicle/length of antler crown) are all greater than other Euprox species (Table 1). The Asian Muntiacus possesses 

antlers with apparently long pedicles, which was considered to be a primitive character of cervids (Gentry et al. 

1999); the pedicle ridge of Muntiacus, however, can reach the level of the premolars, while in the new specimens 
HOU52  ·  Zootaxa 3911 (1)  © 2015 Magnolia Press



the pedicle ridge only reaches the middle of the orbit rim which also resembles the condition in Euprox; moreover, 

the tip of the main beam in Muntiacus is more curved than in the new specimens and Euprox. Eostyloceros has a 

short pedicle and more curved main beam (Zdansky 1925), and together with its small body size, differs from the 

new specimens. Paracervulus has a relatively long antler base and the brow tine is relatively weak or sometimes 

even disappears (Teilhard de Chardin & Trassaert 1937; Dong & Hu 1994). Amphiprox has a longer antler base, 

and the most noticeable thing is that the position of the pedicle in Amphiprox is behind the orbit (Gentry et al. 1999; 

Thenius 1948), which is different from other two-pronged antlered cervids. Lucentia is only known from Spain 

(Azanza & Montoya 1995); it has a moderately long pedicle and a long antler base; the dentition of Lucentia is 

more advanced since the postprotocrista of the upper molars is lost; all these characters are different from the new 

specimens, and Azanza & Monoya (1995) did not think Lucentia is a representative of Muntiacinae. 

Above all, based on the appearance of a true burr, the new specimens from the Linxia Basin are different from 

the early-middle Miocene two-pronged antlered cervids that bear protoantlers (Procervulus, Acteocemas, 

Heteroprox, and Dicrocerus). Compared with the middle-late Miocene two-pronged antlered and true-burred 

cervids, the new specimens resemble Euprox more than other genera based on the relatively large body size, long 

pedicle, short antler base, and the position of the pedicle ridge. Considering that the new specimens are larger than 

all the known species of Euprox and have notably long pedicles, a new species, Euprox grandis sp. nov. is erected. 

Comparison among Euprox. Euprox, widely distributed in many middle-late Miocene fossil localities, was 

established by Stehlin (1928) during his study on the cervids from Steinheim in Germany. He grouped the primitive 

two-pronged antlered cervids into two genera: Heteroprox and Euprox, and Euprox was recognized by the presence 

of a true burr. The burr of the antlers was said to be the result of seasonal replacement of the antlers, and the 

appearance of a true burr was suggested to indicate that the antler evolved from non-deciduous to deciduous and it 

is used to distinguish the primitive antlers and the advanced antlers (Bubenik 1990, 1993; Dong et al. 2003; Dong 

2008). Based on the evolution of the antlers, Euprox was suggested to be closely related to Dicrocerus or perhaps 

to be the descendant of the latter (Dong et al. 2003).

The type species, Euprox furcatus, is known from many middle Miocene localities (Morales & Soria 1981; 

Thenius 1948; Gentry et al. 1999; Czyżewska & Stefaniak 1994). Euprox grandis, the new species found from late 

Miocene deposits of the Linxia Basin, is similar to E. furcatus by having a relatively weak true burr, a short antler 

base, and a relatively long pedicle. On the other hand, the antler base of E. grandis is shorter than that of E. 

furcatus; the antler size of E. grandis is notably larger than E. furcatus, and the main beam and brow tine of E. 

grandis are more robust than those of E. furcatus. Moreover, E. grandis has significantly larger cheek teeth, about 

160-190% of E. furcatus, indicating a relatively large body size. A clear central fold is developed on the lingual 

cone of the premolars in E. grandis, which contrasts with the large basin in E. furcatus (Czyżewska & Stefaniak 

1994); unlike the relatively small anterior style and large posterior style of the premolars in E. furcatus, the 

premolars of E. grandis have a relatively large anterior style and small posterior style. The cingula are present on 

the anterior and lingual walls of the premolars and the anterior lobe of the molars in E. furcatus (Czyżewska & 

Stefaniak 1994), while in E. grandis, the cingula are very weak, only occasionally weakly developed on the lingual 

wall or the postero-labial wall of the molars.

Euprox robustus from the late Miocene Yuanmou Basin of Yunnan Province (Dong et al. 2003) was the largest 

Euprox before the new species was discovered. The main beam of E. robustus is similar to V 20081 in length, and 

longer than main beam of V 20080, but the pedicle of E. robustus is shorter than the pedicle of both V 20080 and V 

20081. In addition, E. robustus has a strong burr which is notably projected from the pedicle, while the burr of E. 

grandis is relatively weak (Table 1). Remarkable ornamentation cover the main beam and the brow tine of E. 

robustus, while in E. grandis only weak grooves and crests can be observed on the lower part of the main beam and 

the brow tine, extending to the burr. The cheek teeth of E. grandis are about 115-120% the size of E. robustus. The 

internal postprotocrista, entostyle and the metaconule fold are larger in E. grandis than in E. robustus, and the 

internal and external premetaconulecrista folds are weak but exist in the molars of E. grandis, absent in E. robustus. 

The cingula are present in the anterior, lingual and posterior base of E. robustus and almost absent in E. grandis.

Euprox altus from the middle Miocene of Nei Mongol (Wang & Zhang 2011) is notably smaller than E. 

grandis and has a relatively long antler base between the burr and the first tine. The upper cheek teeth of E. altus

are proportionally broader than those of E. grandis. The M1 and M2 paracone rib of E. altus folds forward, while in 

E. grandis the paracone rib is nearly vertical on the buccal wall. The protocone is larger than the metaconule in E. 

altus, while in E. grandis these two cusps are similar in size. The metaconule fold is absent in M1 and present in 
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M2 of E. altus, whereas it is strong in M1 and M2 of E. grandis and absent in M3. The cingula are well-developed 

on the lingual wall of M1 and M2 in E. altus and weak-to-absent in E. grandis.

Euprox cf. furcatus from the late Miocene of Shanxi Province (Zdansky 1925) has straight main beam which is 

nearly coaxial to the pedicle, and the brow tine is more obliquely directed. In E. grandis the main beam and the 

brow tine incline at similar angles. The burr of E. cf. furcatus is more evident than in E. grandis, and the antler base 

is longer in E. cf. furcatus than in E. grandis.

? Eostyloceros sp. from the late Miocene of the Tsaidam Basin, Qinghai Province (Bohlin 1937) has longer 

pedicle than in E. robustus, and was later attributed to Euprox by Vislobokova (1990). Compared with E. grandis, 

however, its pedicle is relatively shorter and thinner. Dicrocerus sp., described by Colbert (1936) from the middle 

Miocene of Tunggur, was subsequently considered to be comparable to the European E. furcatus (Colbert 1940), 

and thus called Euprox sp. (Dong et al. 2003; Wang & Zhang 2011). The antlers of Euprox sp. from Tunggur have 

a weak true burr and a bifurcation above the burr which is similar to E. grandis, but the antler size of the former is 

notably smaller than the latter and the former has a relatively longer antler base than the latter. 

Dong et al. (2003) mentioned another antler from the Tsaidam Basin, which he named Euprox sp.. This antler 

has a notably long pedicle, but its pedicle is still shorter and thinner than those of E. grandis. The main beam of 

Euprox sp. is longer than the pedicle, and the main beam and the brow tine are relatively straight; while in E. 

grandis both the main beam and the brow tine are curved, and the main beam is shorter than or similar to the 

pedicle. The pedicle of Euprox sp. is very thin with a smooth surface, but its burr is very prominent; while the 

pedicle of E. grandis is more robust and the burr is relatively weak. 

Euprox dicranocerus from the early Vallesian of Central Europe (Thenius 1948; Vislobokova 2005, 2006) is 

notably smaller than the new specimens and has a proportionally long antler base; the grooves and crests on the 

antler surface are more notable than in E. grandis.

Euprox margaritae was erected by Vislobokova (1983) based on fragments of antlers. No clear burr can be 

observed from the text-figure, and an expanded basal plate is preserved. Therefore, those specimens may belong to 

Dicrocerus as Wang & Zhang (2011) suggested.

Dicroceros (sic; recte Dicrocerus) minimus was erected for the cervoid teeth from Göriach, Austria, and was 

later reassigned to Euprox (Gentry & Heizmann 1993). The antler of this species was suggested only in the form of 

single spike like the modern mazama (Czyżewska & Stefaniak 1994) based on an antler assigned to E. minimus by 

Thenius (1948), which he thought belonged to a pricket. 

 The above comparison shows that the new species from the Linxia Basin is larger than all the known Euprox, 

and different from other Euprox species by both the notably long pedicle and the relatively weak burr. There is a 

size increase from the middle Miocene E. furcatus and E. altus to the late Miocene E. robustus, thus the large body 

size of the new species may represent a more progressive character. The relatively strong styles on the upper cheek 

teeth and more rounded premolars of E. grandis also appear to be more progressive. Gentry et al. (1999) have 

summarized the evolutionary trends of the antlers within the early and middle Miocene Cervidae as a shortening of 

the pedicle, an elongation of the antlers above, the development of a burr-like structure or a burr, a more close 

together and more posterior insertion of the pedicle on the skull roof, and a more backwards than vertical 

orientation of the antler. The antler of the early-middle Miocene cervids is generally smaller in size, with a 

proportionally long pedicle and short or small antler, which insert more or less vertical at the external orbit rim. 

While in late Miocene cervids, the more or less equal prongs changed into a main beam with increasing numbers of 

distal tines, and the pedicle is shortened, the orientation of the antler changes more backwards and usually becomes 

divergent instead of the parallel pedicles from the anterior view in the early-middle Miocene cervids. E. grandis

from the Linxia Basin has a significantly long pedicle, which is even longer than those of the middle Miocene E. 

furcatus; and it is also longer than the main beam. Such a pedicle is unique, and might represent a primitive 

character according to Gentry et al. (1999). But one thing to notice is that the extant Asian Muntiacus also has long 

pedicles. The more backwards orientation of the pedicle in E. grandis suggests a more progressive evolutionary 

stage. The burr of E. grandis is relatively weak. Bearing a true burr is a typical character that separates Euprox

from early-middle Miocene two-pronged cervids with protoantlers. The diameter of the nodes in E. grandis is 

relatively small compared with other Euprox species, and they only weakly project from the pedicle, with its 

posterior part very slightly projected, this may represent a relatively primitive character. Considering that E. 

grandis was discovered from the upper Miocene deposits of the Linxia Basin, it might represent a more progressive 

Euprox. 
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Cladistic analysis

The phylogeny of the early antlered deer has been poorly understood due to the separation of the skull and antler. 

Azanza (1993) has discussed the phylogeny of the Miocene cervids mainly based on antler characters. In her 

cladogram, Procervulus and Heteroprox were placed in subfamily Procervulinae based on the parallel pedicles, 

which occupied a very basal position; while Dicrocerus was grouped with Acteocemas and Stephanocemas due to 

direct branching on the protoantler base and probably by the compression of the pedicles, and this group was 

related to true antlered deer by the velvet shedding and presence of burr-like structure, forming the sister group of 

Muntiacinae, Odocoileinae and Cervinae; Euprox was placed in Muntiacinae based on the strongly inclined 

pedicles, being the sister group of Muntiacini. Later, Gentry (1994) raised a possible sequence for the antler 

evolution in Cervidae, in which Heteroprox and Euprox were both suggested evolving from Procervulus, and the 

later cervids evolved from Euprox, while Dicrocerus was suggested to evolve from a more primitive ancestor. 

Recently, Dong (2007) and Dong et al. (2014) did phylogenetic analysis of muntjacs. Most of the characters in their 

data matrix were antler morphology, but some cranial, dental and post-cranial characters were also included. In 

order to test the phylogenetic relationship of Euprox grandis among muntacines and some basal cervids, a cladistic 

analysis was carried out. The data matrix (Table 3) was modified from Dong et al. (2014): 2 new characters 

(characters 6, 10), 1 genus (Lucentia) and 2 species of Euprox (E. altus and E. furcatus) were added to the matrix; 

7 characters were modified (characters 2, 7, 12, 16, 18, 25, 26); the genus Muntiacus was represented by the living 

muntjak (M. muntjak) and M. vuquangensis, the latter is the largest living muntjaks; the oldest known cervid, 

Procervulus was selected as outgroup; and some of the characters were recoded. The characters are listed as 

following:

1 Parallel pedicles: (0) no; (1) yes; (Dong 2007, character 1; Dong et al. 2014, character 1)

2 Insertion of pedicle: (0) above orbit; (1) behind orbit; (modified after Dong 2007, character 2; Dong et al. 

2014, character 2)

3 Pedicle crest on frontal: (0) weak; (1) medium; (2) developed; (Dong 2007, character 3; Dong et al. 2014, 

character 3)

4 Backward pedicle inclination: (0) weak; (1) medium; (2) strong; (Dong 2007, character 4; Dong et al. 2014, 

character 4)

5 Compressed pedicle: (0) no; (1) yes; (Dong 2007, character 5; Dong et al. 2014, character 5)

6 Pedicle length: (0) long; (1) medium; (2) short; (new character)

7 Burr development: (0) absent or burr-like structure; (1) true burr; (modified after Dong 2007, character 6; 

Dong et al. 2014, character 6)

8 Antler base: (0) absent; (1) medium; (2) long; (Dong 2007, character 7; Dong et al. 2014, character 7)

9 Centripetal mineralization of antler: (0) absent; (1) present; (Dong 2007, character 8; Dong et al. 2014, 

character 8)

10 Position of the brow tine compared to the main beam: (0) antero-posteriorly; (1) mesio-laterally; (new 

character)

11 Cross section of main beam base: (0) nearly round; (1) oval; (Dong 2007, character 9; Dong et al. 2014, 

character 9)

12 The growth style of the main beam: (0) nearly straight; (1) simply curved; (2) curved at apex; (3) multi-curved; 

(modified after Dong 2007, character 10; Dong et al. 2014, character 10)

13 Main beam size: (0) small; (1) medium; (2) large; (Dong 2007, character 11; Dong et al. 2014, character 11)

14 Brow tine size: (0); small (1) medium; (2) large; (Dong 2007, character 12; Dong et al. 2014, character 12)

15 Angle between main beam and brow tine: (0) small; (1) large; (Dong 2007, character 13; Dong et al. 2014, 

character 13)

16 Antler ornamentation: (0) absent or weak; (1) medium; (2) prominant; (modified after Dong 2007, character 

15; Dong et al. 2014, character 15)

17 Antler size: (0) small; (1) medium; (2) large; (Dong 2007, character 16; Dong et al. 2014, character 16)

18 External postprotocristid (Palaeomeryx fold) on lower molars: (0) present; (1) absent; (modified after Dong 

2007, character 17; Dong et al. 2014, character 17)

19 Relation between nasal and maxilla: (0) separate; (1) present; (Dong 2007, character 18; Dong et al. 2014, 

character 18)
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20 Anterior margin of lacrimal: (0) with projection; (1) without projection; (Dong 2007, character 19; Dong et al. 

2014, character 19)

21 Lacrimal pit: (0) small; (1) medium; (2) large; (Dong 2007, character 20; Dong et al. 2014, character 20)

22 Metatarsal length: (0) short; (1) medium; (2) long; (Dong 2007, character 21; Dong et al. 2014, character 21)

23 Frontal gland: (0) absent; (1) present; (Dong 2007, character 22; Dong et al. 2014, character 22)

24 Body size: (0) small; (1) medium; (2) large; (Dong 2007, character 23; Dong et al. 2014, character 23)

25 Internal postprotocrista on upper molar: (0) absent; (1) present; (2) developed; (modified Dong et al. 2014, 

character 24)

26 lingual cingulum on upper molar: (0) developed; (1) present; (2) absent; (modified after Dong et al. 2014, 

character 25)

27 Postmetaconulecrista: (0) absent; (1) present; (2) developed ; (Dong et al. 2014, character 26)

TABLE 3. Data matrix of characters for the cladistic analysis of Euprox grandis sp. nov. 

TABLE 3. (Continued)

“?” in the matrix means missing character due to incomplete material 

Taxa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Procervulus ginsburgi 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0

Heteroprox larteti 1 0 ? 0 0 0 0 1 0 0 0 0 0 1 0

Dicrocerus elegans 0 1 0 0 1 2 0 0 0 0 1 0 1 2 0

Eostyloceros blainvillei 0 1 1 1 0 2 1 1 1 0 0 2 2 2 0

Paracervulus australis 0 1 1 1 0 2 1 2 1 0 0 0 2 1 0

Euprox furcatus 0 1 1 1 0 1 1 1 1 1 0 1 1 1 0

Euprox altus ? ? ? ? 0 1 1 1 1 1 0 1 1 1 0

Euprox robustus 0 1 1 1 0 1 1 1 1 1 0 1 1 1 0

Euprox grandis 0 1 1 1 0 1 1 1 1 1 0 3 1 1 0

Lucentia pirensis 0 ? ? 1 0 1 1 2 1 1 1 1 2 2 1

Muntiacus muntjak 0 1 2 2 0 0 1 1 1 1 1 3 0 0 0

Muntiacus vuquangensis 0 1 2 2 0 0 2 1 1 1 1 3 1 1 0

Taxa 16 17 18 19 20 21 22 23 24 25 26 27

Procervulus ginsburgi 0 0 0 ? ? ? ? ? 0 ? ? ?

Heteroprox larteti 0 0 ? ? ? ? ? ? 0 ? ? ?

Dicrocerus elegans 1 1 0 ? ? ? ? ? 1 ? ? ?

Eostyloceros blainvillei 2 2 ? ? ? ? 2 ? 1 ? ? ?

Paracervulus australis 2 2 1 ? ? ? 2 ? 1 1 1 2

Euprox furcatus 1 1 0 ? ? ? ? ? 1 1 1 2

Euprox altus 1 1 0 ? ? ? ? ? 1 1 1 2

Euprox robustus 2 1 1 ? ? ? 2 ? 1 2 1 2

Euprox grandis 1 2 ? ? 1 2 ? 0 2 2 2 2

Lucentia pirensis 1 1 0 ? ? ? ? ? 1 2 2 1

Muntiacus muntjak 1 0 1 1 1 0 0 1 0 0 1 0

Muntiacus vuquangensis 2 1 ? 1 ? 2 2 1 1 ? ? ?
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FIGURE 7. Phylogenetic relationships of Euprox within Muntiacinae and relevant taxa. a, b, synapomorphies for most 

parsimony tree 0 and tree 1; c, strict consensus tree (L = 54; CI = 0.722; RI = 0.700) with nodes numbered. Bootstrap value 

figure in brackets under the clade. 
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Cladistic analysis was performed using TNT ver. 1.1, May, 2014—by Goloboff et al. (2008). Since the data 

sets are very small (12 taxa and 27 characters), the Implicit Enumeration (IE, or branch-and-bound) tree-searching 

method under non-additive assumptions was performed to try to obtain more exact solution. Two most 

parsimonious trees were retained (Figure 7a, b). The strict consensus tree (Figure 7c) has a total length of 54 steps, 

CI = 0.722 and RI = 0.700. In order to get more general idea of the stability of the grouping, standard bootstrapping 

was run, and the bootstrap index was marked in Figure 7c under the nodes. 

According to the strict consensus tree, Heteroprox larteti forms the sister taxon of node 14 (Dicrocerus elegans

+ node 18 [two-pronged antlered muntiacines with true burr]), and the bootstrap index suggests node 14 being a 

stable clade, which is supported by medium to large body size, medium to large antlers with relatively posteriorly 

located non-parallel pedicle, medium to large sized main beam, and medium to prominent antler ornamentation 

(characters 1, 2, 6, 13, 16, 17, 24). Dicrocerus elegans was grouped with node 18 as a sister taxon, and the latter 

(node 18) was supported by the presence of a true-burr, more posteriorly inclined antlers, more developed pedicle 

ridge and the centripetal mineralization of the antlers (characters 3, 4, 7, 9). Node 18 was made up of two major 

clades, one (node 19) is composed of Eostyloceros blainvillei and Paracervulus australis, while the other (node 17) 

is composed of Euprox, Lucentia, and Muntiacus. Node 19 was supported by large antler and brow tine size and 

prominent antler ornamentation (characters 13, 16, 17), and the bootstrap index suggests this clade being relatively 

stable. Node 17 was multi-branched with very low bootstrap value, which shows that the grouping of these taxa are 

highly unstable. This is understandable as most of the fossil materials are very poor, the data matrix was small and 

incomplete, and also there may be parallel evolution. Within node 17, E. altus and E. furcatus were clustered to be 

the most basal taxa, while E. robustus, E. grandis and Lucentia were clustered as the sister groups of the Muntiacus

clade (node 15). This was caused by the unstable relationship among the 3 fossil taxa, E. robustus, E. grandis and 

Lucentia. In tree 0 (Figure 7a), E. grandis was grouped with Lucentia, based on the absence of the lingual cingulum 

on upper molar, as the sister group of the (E. robustus + Muntiacus) clade (supported by the absence of external 

postprotocristid); while in tree 1 (Figure 7b), Lucentia was recognized as the sister taxon of E. robustus + (E. 

grandis + Muntiacus), and E. grandis appears to be the closest relative of Muntiacus by bearing a pair of antlers 

with primary multi-curved main beam. I have mentioned that Azanza & Monoya (1995) thought Lucentia was not 

a representative of Muntiacinae. And now, both tree 0 and tree 1 show that Lucentia has stable morphological 

differences from E. grandis or E. robustus (characters 8, 11, 13, 14, 15, 27). Therefore, a new matrix excluding 

Lucentia was performed used the same process, and only one most parsimonious tree was retained with a total 

length of 47 steps, CI = 0.787 and RI = 0.767 (Figure 8). According to the new cladogram (Figure 8), Euprox forms 

a lineage with Muntiacus. Since the morphological differences between the known Euprox fossils are transitional 

or gradual, it is difficult to regroup them into different genera based on the present materials, so the new materials 

were remain in the genus Euprox, which may represent the most advanced form of Euprox. Gentry et al. (1999) has 

mentioned the shortening of pedicle being one of the evolutionary trends in Cervidae, and the notably long pedicle 

of the extant Muntiacus had been explained as an exception. Now the new cladogram may indicate a relatively long 

pedicle remain in the Euprox - Muntiacus lineage. The genus Muntiacus, which had been placed at a more basal 

position than the Miocene Euprox, Eostyloceros, and Paracervulus by Dong et al. (2014), is now proved to be the 

most progressive muntiacines form. 

Interpretation of the paleoenvironment of Euprox from the Linxia Basin

The type species, Euprox furcatus, is well preserved in Steinheim, Germany, and the paleoenviroment and 

paleoclimate of the middle Miocene of the Steinheim Basin is reconstructed to have had a warm-temperate 

climatic, which may have been combined with high humidity based on isotopic analysis of fossil remains (Tütken 

et al. 2006). Dentition with low crowns and inclined walls was suggested to indicate relatively softer food by 

Czyżewska & Stefaniak (1994). E. furcatus from Przeworno has notably high tooth hypsodonty indices, so 

Heizmann & Kubiak (1992) associated it with the arid biotope; while Czyżewska & Stefaniak (1994) suggested E. 

furcatus can be associated with both arid and also wooded areas, for they believed E. furcatus could have easily 

moved from place to place like other cervids.

Euprox robustus from Yuanmou was suggested to feed on succulent and tender leaves of dicotyledon based on 

its brachydont cheek teeth and long cingula, therefore, a humid and temperate climate is assumed (Dong et al. 

2003). The well-developed burr of E. robustus was suggested to indicate an evidently seasonal time in the basin, 

because the replacement of the antlers is controlled by the seasonal endocrine cycle of the cervids, which is mainly 
HOU58  ·  Zootaxa 3911 (1)  © 2015 Magnolia Press



influenced by annual difference of sunlight (Bubenik 1990, 1993), and the seasonal replacement of the antlers 

makes the burr become well developed. Dong et al. (2003) announced that the seasonal climate change in the 

Yuanmou Basin may be influenced by some other factors, for the Yuanmou Basin is located near the Tropic of 

Cancer where the annual difference of the sunlight irradiating the Earth’s surface is much less than at higher 

latitudes. Cloud cover was suggested to be one possible factor (Dong et al. 2003): the humid air caused by the 

monsoon brings the clouds and then reduces the sunlight irradiating the Earth’s surface. The large body size of E. 

robustus suggests large predators; correspondingly, E. robustus has to feed itself well to escape. Therefore, Dong et 

al. (2003) concluded that E. robustus fed on succulent and tender leaves of dicotyledon in the southern sub-tropic 

evergreen forest, and its body size increased, raising its maximum eyeshot which helps in defense against 

predators. 

FIGURE 8. Phylogenetic relationships of Euprox within Muntiacinae and relevant taxa (Lucentia excluded). Most parsimony 

tree (L = 47; CI = 0.787; RI = 0.767) with nodes numbers. Bootstrap value figure in brackets under the clade.

Euprox altus has a lower hypsodonty index than E. furcatus and E. robustus. Since Czyżewska & Stefaniak 

(1994) suggested brachyodont cheek teeth and inclined walls indicating relatively softer food, and Dong et al. 

(2003) mentioned such vegetation could only exist in humid and temperate climate, Wang & Zhang (2011) also 

assumed a warm and humid climate during the latest middle Miocene of Nei Mongol based on the relatively low 

crown of E. altus cheek teeth.

The hypsodonty indices (height/length) of Euprox grandis are lower than those of E. furcatus, higher than 

those of E. altus, and fall within the range of E. robustus (Table 4). According to the discussions above, the 

appearance of E. grandis in the Linxia Basin may indicate a similar climate as in the late Miocene of Yuanmou. 

The large body size of E. grandis may also support the viewpoint of a relatively warm and humid climate as 

interpreted by Dong et al. (2003). The burr of E. grandis is weaker than other species of Euprox, which may 

theoretically imply a weak seasonal climate. However, the Linxia Basin is north of the Yuanmou Basin, where the 

annual difference of the sunlight irradiating the Earth’s surface should be larger, so that a more evident seasonal 

climate is theoretically more probable. 

TABLE 4. Comparison of the hypsodonty indices of Euprox from different localities.

E. grandis sp. nov. E. robustus

(Dong et al. 2003)

E. altus

(Wang & Zhang 2011)

E. furcatus

(Czyżewska & Stefaniak 1994)

M1 53.40–54.46 48.22–67.65 48.79–51.06 78.30

M2 58.33–58.58 51.49–70.95 41.18–57.66 87.61

M3 61.40 70.58 79.04
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The climate of northern China has been interpreted as being influenced partly by the intensification of 

monsoon circulation that resulted from the uplift of the Tibetan Plateau. Located in the transitional zone between 

the Tibetan and Loess plateaus, the Linxia Basin is undoubtedly deeply influenced. A surprisingly humid climate 

during the late Miocene in northern China was suggested, while Europe was experiencing arid conditions, based on 

the hypsodonty of Neogene herbivores; and the “Hipparion Red Clay” of northern China was suggested to be 

apparently deposited under these humid conditions (Fortelius et al. 2002). The composition of the late Miocene 

mammalian faunas of northern China has been interpreted as indicating regional differentiation between a close 

and humid environment in the east and an open and arid one in the west, which was closely related to the 

intensification of the summer monsoon (Zhang 2006).The Linxia Basin strata dating to the middle-late late 

Miocene are thought to have been deposited in an open but humid environment, based on a cenogram analysis of 

their fossil mammal fauna (Deng 2009). Stable carbon isotope analysis of the tooth enamel of Chinese late 

Neogene mammals shows that, during the late Miocene before 7 Ma, northern China was covered in steppe 

dominated by C3 grasses instead of savanna dominated by C4 plants; then between 7 Ma and the early Pliocene, 

the Chinese Loess Plateau was characterized by a pattern of northward-increasing C4 vegetation, but there were 

still nearly pure C3-plant ecosystems in the southern Chinese Loess Plateau and the Linxia Basin which lies on the 

western margin of the Chinese Loess Plateau (Hou et al. 2006; Passey et al. 2009). The discovery of Sinohippus, 

Tapirus and Chleuastochoerus in the late Miocene of Linxia Basin also implies a relatively open and humid 

environment (Hou et al. 2007, 2014; Deng et al. 2008). 

Conclusions

The new species, Euprox grandis, from the Linxia Basin bears large body size, notably long pedicle and a 

relatively weak true burr; the relatively brachydont upper check teeth of the new species bear clear internal 

postprotocrista and metaconule fold, and lack strong cingula. Phylogenetic analysis suggests the new species may 

represent an advanced form of Euprox. The Linxia Basin discoveries of the largest known Euprox that bears the 

longest pedicle and has relatively brachydont cheek teeth add new evidence to support a relatively warm and humid 

environment during the late Miocene in the Linxia Basin.
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