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Introduction


During the summer of 1980, in response to written communication, the author of this text traveled to Songshan Commune, in the Tianzhu Tibetan Minority Autonomous Region of Gansu Province.  There, several bone bearing red clay concretions were collected from Locality 80007.  These samples were disaggregated upon return to the laboratory where they produced several fragmentary but relatively significant small mammalian fossils.  The discovery of these fossils not only further documents the small mammal fauna previously described from Tianzhu Locality 80006, but is moreover significant in relation to extending the comprehension of the North China Hipparion Fauna.


The fossil locality lies on the north slope of Dihuajian at Songshan Commune, lying geographically at east longitude 103° 17' 26" and North latitude 36° 57' 53", at an elevation of 2660m (7980 ft).  The locality is approximately equivalent to the stratigraphic position of Locality 80006 and produces the following taxa: Paralactaga minor sp. nov., Heterosminthus gansus sp. nov., Heterosminthus simplicidens sp. nov., Protalactaga cf. tungurensis Wood (1936), Spalacinae gen. et sp. indet., and Ochotona lagrelii minor Bohlin (1942).


Description of Specimens


		Dipodidae Waterhouse, 1842


			Allactaginae Vinogradov, 1930


				Paralactaga Young, 1927


					Paralactaaga minor sp. nov.


Type:  A section of right mandible containing m1-2, V6302 (Fig. 1A)


Paratype:  One right M1 or M2, V6303 (Fig. 1B).


Hypodigm:  One left m2, V6304 (Fig. 1C)


Diagnosis:  A small form.  The m1 mesoconid and metaconid are connected.  The entoconid is isolated and displays a distinct "G" angle.  The m2 maintains a relatively deep groove separating the mesoconid and entoconid.  The M1 or M2 maintains a greatly inflated metacone that is not bisected by a shallow groove on its labial side.


Description:  The M1 or M2 maintains two lingual cusps, the protocone and hypocone, and three labial cusps, the paracone, mesocone and metacone, as well as an anteroloph formed from the anterior cingulum.  Both the hypocone and metacone are more inflated than the protocone and paracone.  The paracone is almost isolated.  The mesocone is long, thin, recurved, and extends posteriorly to nearly contact the metacone.  The groove between the paracone and mesocone is long and thin.  The metacone is a single cusp that is not bisected by a groove labially.  A posterior cingulum is absent.


Only the anterior section of the mandible is preserved.  The height of the mandible beneath the m1 is 5.4 mm.  There is a relatively large mental foramen situated at the anteroventrolabial margin of the m1.  The curvature of the diastema is not intense such that the anterior margin of the m1 alveolus is nearly perpendicular to it.  The masseteric crest on the labial side of the mandible extends anteriorly to directly beneath the m1 protoconid and forms a robust dorsally curved projection that gradually attenuates posteriorly.


The lower incisors are flat and thin.  The lingual side is straight and lacks enamel, while the labial side is rounded with a thick layer of enamel.  The lower incisor diameter is 1.76 x 0.78 mm.
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Figure 1.  Paralactaga minor sp. nov. occlusal morphology.  A. right m1 and m2 (V6302, type); B. right M1 or M2 (V6303 paratype); C. left m2 (V6304).


The m1 has two principal cusps on the labial side representing the protoconid and hypoconid.  Between them is a small “G” angle.  The hypoconid is the most well developed of the cusps.  There are four principal cusps on the labial side, being the metaconid, mesoconid, entoconid, and hypoconulid.  The labial side of the mesoconid connects to the metaconid such that between them there is formed an enamel ringlet.  The entoconid and mesoconid are separated from one another by a broad and shallow groove.  An anteroconid is absent.


The M2 has three principal cusps, the anteroconid, protoconid, and hypoconid.  On the type specimen there is a relatively clear anterior cingulum and a weak “G” angle as described by Schaub (1930), but on specimen V6304 the anterior cingulum is lost and the G angle is relatively projected.  This may indicate that the type specimen is rather immature. Lingually there are four individual cusps: the metaconid, mesoconid, entoconid, and hypoconulid.  The mesoconid is relatively thin and weak, situated rather distantly from the metaconid, and close to the entoconid.


Comparison:  Since the erection of this genus by C.C. Young (1927), specimens of this genus are still relatively sparse, being restricted to several fragmentary molars.  However, with the exception of a single m2 discovered from the western Soviet Union, the remaining material of this rather interesting dipodid is all known from the Hipparion Red Clays of North China and the earliest Pleistocene sandstones.*


The most abundant material of this genus is represented by the type species P. anderssoni Young from Jinchuan in Gansu, which is represented by a complete upper and lower dentition such that it is thereupon possible to make advanced and relatively detailed comparisons with the Tianzhu material.  The differences are absolutely clear.  The Jingchuan M1 and M2 maintains a complicated metacone that is cut by a shallow groove on its posterolabial side, whereas the Tianzhu specimen is inflated and complete.  The mesocones on the Jinchuan M1 and M2 are thick and straight with a shallow groove separating them from the paracones, whereas the Tianzhu specimen's mesocone is thin and posteriorly curved.  The Jingchuan M1 maintains an isolated metaconid whereas the Tianzhu species maintains a connection between the metaconid, protoconid, and mesoconid.  The Jingchuan specimens have a cusp arrangement (particularly the M2) that are conspicuously oblique to the tooth's longitudinal axis, whereas the Tianzhu specimens tend to be perpendicular to this axis.  The clearest difference is the larger size of the Jingchuan specimens.


The material of P. suni discovered at Shenmu, Shaanxi Province, consists of one left M1-2 and one right M2-3 (Teilhard and Young, 1931, pp. 8-9, Pl. V, Figs. 22 and 23).  Teilhard and Young believed the paracone and metacone of P. suni to be more well developed than on P. anderssoni as well as the M3 being reduced.  Aside from these distinctions, it is difficult differentiate the two species' cusp morphology.  Therefore, it is not necessary to make further comparisons with the Tianzhu specimens.


There is merely a single right m1 representing the material of P. major Young (1927) from Jingchuan, Gansu.  This is a particularly large species, being almost twice the size of the Tianzhu specimens (see Table I).  The occlusal morphology displays an anteroconid, a single well developed G angle, an anteroconid metaconid, protoconid mesoconid, and a G angle and entoconid that are all aligned in pairs perpendicularly along the tooth axis.  The points of similarity with the Tianzhu specimens are the connected metaconid mesoconid protoconid, and the broad separation of the mesoconid and entoconid.


In 1978 Shaohua Zheng discovered a single m1 in the sandstones interbedded between the "Hipparion Red Clays" and the "Wucheng Loess" at Ningxian, Gansu, that has a size intermediate between P. major and P. anderssoni.  It maintains a weak anteroconid and its metaconid, protoconid, and mesoconid are separated.  These characters clearly resemble the Tianzhu specimens.  In view of the Tianzhu specimens being the smallest speciens as well as the aforementioned character differences, the erection of the new species Paralactaga minor is warrented.


			Heterosminthus Schaub, 1930


				Heterosminthus gansus sp. nov.


Type:  One left m1-2, V6305 (Fig. 2A).


Hypodigm:  One left m2, V6306 (Fig. 2B)


Diagnosis:  The m1 is longer than the m2.  The metaconid is basically isolated, the m2 has a well developed anteroconid, and there is a low longitudinal ridge connecting the anteroconid, protoconid, entoconid, and hypoconid.


Discussion:  The crown of the m1 is composed of eight principal elements: the anteroconid, metaconid, protoconid, mesoconid, entoconid, hypoconid, hypoconulid, and a G angle.  The anteroconid is situated at the most anterior end of the tooth as a small isolated cusp, positioned relatively low, and possessing a small spur projected posteriorly, but does not contact either the metaconid or protoconid.  The metaconid is basically isolated with a small spur on its posterolabial side that projects toward the protoconid.  The protoconid is positioned relatively close to the posterior side of the metaconid.  There is a vertical ridge projecting posteriorly to connect with the mesoconid.  The mesoconid maintains a vague G angle that lies obliquely to the labial side.  Lingually there is a well developed transverse loph connecting the mesoconid to the entoconid.  The mesoconid also maintains a low ridge directed posterior to the anterior margin of the hypoconid.  The entoconid possesses an accessory lingual inflected fold.  The entoconid, mesoconid, hypoconid, and hypoconulid are all mutually connected anteroposteriorly and lingually to form a nearly enclosed sulcus.  There are two roots.


The m2 is shorter and more broad than the m1 with the tooth crown composed of seven elements: the anterolingual cingulum, anteroconid, metaconid, protoconid, entoconid, hypoconid, and hypoconulid that, as in the same manner as the m1, has a low perpendicular ridge connecting them (in occlusal view the anterior section of the tooth is inflated with the posterior section narrowing).  There are three roots: two anterior and one posterior.
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Figure 2. Crown morphology of Heterosmithus gansus sp. nov.


A. Left m1-2 (V6305, type); B. Left m2 (V6306.





Table 2. Dental measurements of several speceis of Hetreosmithus (mm).





�
m1�
m2�
m3�
�
�
L�
W�
L�
W�
L�
W�
�
H. gansus sp. nov�
1.47�
0.99�
1.29�
1.14�
�
�
�
H. simplicidens sp. nov.�
1.35�
0.96�
1.17�
0.96�
0.81�
0.78�
�
H. orientalis Schaub�
1.30�
�
1.40�
�
0.90�
�
�



Comparison:  Heterosmithus was established by Shaub (1930) based upon the reevaluation and comparisons of a mandible with a complete tooth row described initially as Paracricetulus schaubi Young (1927, Pl. 1, Fig. 8 9).  Precisely as Schaub indicated, the lower dentition of this dipodid from one aspect clearly resembles Plesiosminthus.  From another aspect it maintains characters of Protalactaga; however, the mesostylids of both are structurally different.  Plesiosminthus and Protalactaga both maintain well developed mesolophids on the m2 and mesolophs on the M2 which have been lost in Heterosminthus.  However, regardless of this condiditon, there is no question that Heterosminthus is a member of the Dipodidae.


A comparison with H. orientalis from Yongdeng, Gansu, shows the principal differences as being the m1 and m2 are longer and relatively shorter.  The m1 maintains a basically isolated metaconid, unlike that on H. orientalis where it is in contact with the protoconid.  Its G angle is also relatively weak.  The m2 protoconid is unlike H. orientalis, which maintains a wandering posterior arm of the protoconid formed from a small spur transversly and lingually directed and that converts to form a loph with the entoconid.  The new species has a well developed anterolingual cingulum that is absent on H. orientalis.


Heterosminthus simplicidens sp. nov.


Type:  One left m2, V6703 (Fig. 3A)


Paratype:  One right m1, V6308 (Fig. 3B)


Hypodigm:  One left M3, V6309 (Fig. 3C)


Diagnosis:  The m1 is short and wide.  Anteroconid is lost on the m2 and there is a low ridge connecting the protoconid, entoconid, and hypoconid.
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Figure 3. Heterosminthis simplicidens sp. nov. occlusal morphology.


A. Left m2 (V6307 Type); B. Right m1 (V6308 Paratype); C. Left M3 (V6309).


Description and Comparison:  Compared to Heterosminthus gansus described above, the m1 is shortened but still longer than the m2.  This is different from H. orientalis, whose M2 is longer than the M1.  The principal number of cusps and their morphological alignment, in addition to the number of roots, are all consistent with H. gansus; however, there is an even better developed mesolophid and mesoconid.  Supplementary inflections are absent on the lingual side of the entoconid.


The M2 maintains a more simple structure than H. orientalis or H. gansus.  Possibly as a result of anteroposterior compression, the anteroconid has become lost and the metaconid has become reduced.  In the position of the anteroconid and in place of it there is formed a metalophulid II (vorjochkante).  The protoconid is still connected with this metalophulid II.  The diagnostic character of a directly connected protoconid entoconid is shared between H. simplicidens and H. orientalis, but a posterior arm of the protoconid has not been developed.  The position of the entoconid is extremely close to the labial side and there is an arm projecting from the posterolabial region toward the lingual side, but it does not connect to the hypoconid.  There are three roots: two small ones anteriorly and one large posterior root.


The M3 is reduced.  The protocone is particularly well developed and comes in contact with the hypocone and metacone posteriorly.  The metacone is relatively low and lies parallel to the margin of the tooth.  The paracone is relatively weak.  A cingulum encircles the molar.  Three roots are preesent: two anteriorly and one posteriorly (see Table 2 for measurements).


			Protalactaga Young, 1927


				Protalactaga cf. tunggurensis Wood, 1936


Material:  One left P4, M1, V6310 (Fig. 4A); one left M1 V6310 1 (Fig. 4B).


Description:  The P4 is extremely small with a single root and a central principal cusp at the anterolabial side.  There are many low radiating ridges from this central cusp which terminate at the margin of the premolar where they become small accessory cuspules.


The M1 protocone is clearly anterior to the paracone with a well developed anterocone connected to it at the anterolabial side.  There is a robust mesocone lying between the paracone and hypocone.  On specimen V6310, the mesocone projects a cusp angle only to the labial side, whereas on V6310 1 this feature reaches the margin of the molar to become a mesoloph.  The protocone is genuinely not isolated, as a short transverse loph passes through it to connect with the paracone.  Both upper molars possess an extremely well developed posterior cingulum.  There are four roots: two anterior and two posterior.  Compared to P. tunggurensis from Tunggur, Inner Mongolia, the Tianzhu specimens have a more well developed anteroconid and posterior cingulum.  There is no way to make an adequate comparison as the type specimen for this taxon, P. grabaui Young (1927), is a mandible containing the m1-3.


Table 3. Dental measurements of Protolactaga (mm).





�
P4�
M1�
�
�
L�
W�
L�
W�
�
P. cf. tunggurensis�
0.49�
0.55�
1.32-1.47�
1.02-1.08�
�
P. tunggurensis Wood, 1936�
0.36�
0.52�
1.40�
1.00�
�
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Figure 4. Occlusal morphology of Protalactaga cf. tunggurensis Wood, 1936.


A. Left P4-M1 (V6310); B. Left M1 (V6310.1)


			Spalacidae Gray, 1821


				Spalacinae Gray, 1821


					Spalacinae gen. et sp. indet.
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Figure 5. Occlusal view of Spalacinea gen. et sp. indet. left M3 (V6311).


Material:  One left M3, V6311 (Fig. 5)


Description:  A small individual (M3 length 1.32 mm and width 1.35 mm) with a nearly square occlusal surface.  The molar has been worn relatively deeply such that the reentrant folds appear to have been lost, although their existence may still be clearly distinguished.  Reentrant fold I on the labial side has become lost; reentrant fold II is relatively deep and long, forming an elliptical enamel ringlet.  There are still weak vestiges of reentrant folds III and IV on the labial side but on the occlusal surface they have been lost.  The remnants of these have only been preserved as enamel rings on the occlusal surface.  These enamel rings still preserve communication with the lingual reentrant fold and are "V" shaped.  There are three roots: two anteriorly and one posteriorly.


To date, genuine fossil spalacines have still not been recovered in China.  Teilhard and Young (1931, P.12, Pl.V, Figs. 36 36b) described a mandible containing m2-3 from the top of the Hipparion Red Clays in the vicinity of Shawanzi at Baode volcanic crater, Shanxi Province.  This specimen is not named because the m1 is missing, the m2 is worn completely flat, and only on the m3 is it possible to distinguish one labial and two lingual reentrant folds (enamel ringlets).  This is a relatively large individual (m2 m3 occlusal length approximately 5.3 mm) that may possibly bear no relationship whatever to the Tianzhu specimens.  From the perspective of size, the Tianzhu specimen approaches the European taxon Pliospalax; however, because the specimen has been worn too deeply, and the material is too restricted, the possibility of making any more advanced diagnosis is relatively difficult.  It may however possibly be established that this subfamily truly appears to exist in China.


			Ochotonidae Thomas, 1897


				Ochotona Link, 1795


					Ochotona lagrelii minor Bohlin, 1942


�





Figure 6. Occlusal view of Ochotona lagrelii minor Bohlin, 1942 left P3


(V6321-4)


Material:  One left P2, V6312; two left P3 V6312 1,2; one left M1-2 V6312 3; one left P3 4, V6312 4 (Fig. 6); one right m1 2, V6312 5.


Description:  The P2 is small with the anterior reentrant fold extended posterolabially.  The anterior lobe of the P3 is narrow and the posterior lobe is broad.  At the center of the crown there is an open mouthed, crescentic shaped enamel reentrant fold directed toward the labial side.  The M1 has an anterior lobe broader than the posterior lobe with enamel layers thicker on the anterior walls of these lobes than the posterior walls.  The thickest enamel occurs near the lingual angles.  The hypostria may reach the labial margin of the tooth.  The M3 has anterior posterior lobes of generally equivalent breadth.  There is a weak accessory projection on the posterolingual side of the posterior lobe.  The hypostria does not extend to the tooth margin.


There are two reentrant folds on the labial side of the P3 with the posterior reentrant being relatively deep.  The anterolingual and anterolabial reentrants are juxtaposed and relatively broad.  The posterolingual reentrant has already been lost.  The enamel is thicker on the projected salient angles than within the reentrants (see Fig. 6).  The P4-M2 possess broad anteriorly directed projections on the anterior side of the anterior lobes and there are weak posteriorly directed projecting angles on the posterior walls.  The projected section on the anterior side of the posterior lobe lies very close to the posterior wall of the anterior lobe.





Table 4. Dental measurements of Ochotona lagrelii minor Bohlin, 1942 (mm).





�
P2�
P3�
M1�
M2�
p3�
p4�
m1�
m2�
�
Length�
0.69�
1.02�
1.71�
1.53�
1.44�
1.29�
1.23�
1.14�
�
Anterior width�
1.26�
1.56�
2.82�
2.22�
0.81�
1.47�
1.11�
1.11�
�
Posterior width�
�
2.31�
2.31�
2.19�
1.23�
1.41�
1.14�
1.14�
�
Conclusions


Several taxa of small mammals have previously been described from another locality in the same region, Locality 80006.  The stratigraphic positions of the 80006 small mammal fauna and the fauna described in this text are generally equivalent, and together constitute a small mammal fauna that may be considered Pliocene* in aspect.  This fauna includes the assemblage of 11 taxa: Leptodontomys gansus Zheng and Li, Spermophilinus minutus Zheng and Li, Kowalskia sunshanensis Zheng and Li, Prosiphneus licenti tianzhuensis Zheng and Li, Paralactaga minor sp. nov., Heterosminthus gansus sp. nov., H. simplicidens sp. nov., Protalactaga cf. tunggurensis Wood, 1936, Spalacinae gen. et sp. indet., Ochotonoides primitivus Zheng and Li, and Ochotona lagrelii minor Bohlin, 1942.


Within the aforementioned fauna are the relatively abundant endemic forms of the North China region, such as Prosiphneus, Heterosminthus, Protalactaga, Ochotonoides, Ochotona lagrelii minor, and others.  In addition there are first records of elements that may be correlated to Pliocene faunas of Europe and North America.  These include Leptodontomys, Kowalskia, the Spalacinae, and others.  The discovery of these taxa not only fills a vacancy in the East Asian fossil record, but moreover is evidence contributing to the direct faunal correlation between each of the North China Pliocene faunas, as well as those of North America and Europe.  This consequently also clarifies the position of the North China Hipparion Fauna.


Despite the occurrence of elements such as Protalactaga cf. tunggurensis, a species previously recorded from the Miocene, the remaining elements are all attributable to the Pliocene.  Moreover, as this collection appears in the Hipparion Red Clays, the geologic age of this small mammal fauna should correspond to the age of the North China Hipparion Fauna, being approximately equivalent to the European Turolian or the North American Hemphillian stages.  Advanced evidence for this correlation is also displayed in the large mammal faunas to be described in the future from Localities 80007 and 80008.  It may be observed that from the relatively large proportion of dipodids within the fauna, the environmental conditions of that time were under a relatively hot and xeric grassland environment.
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Table 1. Dental measurements of various species of Paralactaga (mm).





�
M1�
M2�
M3�
m1�
m2�
m3�
�
�
W�
W�
L�
W�
L�
W�
L�
W�
L�
W�
L�
W�
�
P. minor sp. nov (Tianzhu)�



2.01�



1.02�
�
�
�
�



2.34�



1.56�



2.22�



1.62�
�
�
�
P. anderssoni (Jingchuan)�



2.70�



1.70�



2.50�



1.70�



1.20�



1.20�



2.80�



1.80�



2.80�



2.00�



2.20�



1.60�
�
P. major (Jingchuan)�
�
�
�
�
�
�
4.80�
2.80�
�
�
�
�
�
P. suni (Shenmu)�
3.30�
2.20�
3.30�
2.20�
1.70�
1.80�
�
�
�
�
�
�
�
P. sp. (Ningxian)�
�
�
�
�
�
�
3.10�
2.30�
�
�
�
�
�



* Zheng, S.H.; A Plio-Pleistocene mammalian fauna from Ningxian Co., Gansu Province (in preparation).


* Now regarded Upper Miocene (WD).
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