
\'d. 76 No. 2 ACTA GEO1,OGICA SlNlCA June 2002 139 

Evolution of Chinese Neogene Rhinocerotidae 
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Abstract Chinese Neogene Rhinoccrotidae has quite a conlplete record and its temponl nnge is the Early 
Miocene to Late Pliocene. The samplrs include 25 species in 4 tribcs of 2 subfamilies. They are used as a foundation for 
the study of the evolution of the family and its relation to clinntic changes. Taxonomic diversity, new records and 
extinctions arc estimated for each Chinese Neogenc rnan~n~al faunal unit 0. The divcrsity of Chinese 
Rhinocerotidac varies noticeably throughout the Neogcne and is rrcognixd within five stages: the Middle Miocene and 
Late Miocene arc stages ufhigh diversity and tl~c Early bliliocene, early Late Miocene and Pliocenc arc stages of low 
diversity. Khinomrotid diversity and n~orphology are closely related to environmnlal factors and particularly sensitive 
to changes in ambient temperature and humidity. The interprclation of climatic variation reflected in the et-olution of 
Rhinocerotidae corresponds pr~isely uith the conclusions drawn from other \vorkm and provides new evidence for 
research on the Neogmc terrestrial ecosystcnl in China 
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2 Jlatcrial and >lethod 
Neogene Rhinoccrotidae is widespread in China, as is 
the case with thc \\.hole Eurasian continent. Since 
Ringstrom (1 914) initiatcd the study of rhinoccroscs in 
the Baode tlipporior~ fauna, studies of Chinese 
Ncogcnc rhinoccroses have increased, although these 
studies primarily discuss the taxonomy and rarely 
concern ecological implications of this important group. 

blamnials are very important in the Cenozoic 
terrestrial ecosystem, of which ungulates are 
particularly very sensitive to the fluctuations in climate 
and environment. There has been much discussion 
about the relationships between artiodactyls and 
environment. \vhilc the literature conccming 
pcrissodactyls. particularly rhinoccroscs, is lacking. 
The relevant \vork of Cerdeno et al. (1995) is 
exceptional in this rcspcct. China has abundant 
specimens of Neogcnc Rhinoccrotidac, which enable us 
to study its relationship to the environmcnt so as to 
rcconstruct the evolutionary process of the Neogene 
tcrrestrial ecosystem and its corresponding climatic 
fluctuations. 

The material of  this study includes the entire knoun 
fossil rccord of Chinese rhinoccroses representcd by 25 
species ranging in age from thc carly part of thc Early 
Pvliocenc to the late part of thc Late Pliocenc. Thc 
Neogcnc mammal units (NMU) of Qiu et al. (1999) arc 
adoptcd for thc division of thc Ncogene mammal faunal 
stages (biozoncs) of China. Supraspccific classification 
follows that o f  Heissig (1999). 

Subfamtly Aceratheriinac Dollo, 1885 
Tribc Teleocentini Hay, 1902 

rlprofodotl lar~zholrer~sis Qiu et Xie> 1997 
Dirrcerntherizrtt~ ngirlcrlse (Repelin, 19 17) 
Br.ac1r~potheri1~111 bmcl~)~prrs ( M e t .  1 837) 

Tribc Accrathcriini Dollo, 1885 
Plesiaceratherilrtti gracile Young, 1937 
Acerorl~it~w zert~o\rd (Borissiak. 1914) 
Acerorl~inlrs tsoiriaan~et~sis (Bohlin. 1937) 
.Icerorli ir~~~sfi~g~~et~sis Dcng, 2000 
Acerorl~it~~is COI.IIIIIUS (Qiu et Yan. 1982) 
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Fig. I .  Chronostntigriphic distribution of the main Chinese Neogene localities with rhinoccrotids 
Tribes: @ Teleoceratin~: @ Acentlleriini; @ Elasnmtheriini; @ Rhinocerodni. 

spccics of I'lesiucerutlreriri~~~ are very similar to thc Middlc ~Vioccnc carly Tunggurian (NMU6). with the 
Chincsc typc spccics P. grncile, indicat~ng an Asian appearance of fivc ncw spccics and a dramatic increase 
gcrlcsis Tor thc genus. of diversity from two 10 scvcn spccics. Thc highlights 

The first major turnovcr of rhinoceroses occurs in  the are the increase of Accl-athcriini and thc appearance of  
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taxonomic composition diversity 
become morc distinct behvccn 
localities. which illustrates that thc 

'3 habitats of the entire Middlc 

I S  
V) Miocene is vcry suitable for the '" o family. Only the aceratherc 
4 l0 

Plesincera~heri~rtt~ gracile becomes 5 
Z extinct in this stage. 

5 The beginning of thc Late 

Miocenc (NMU8) or the cnd of thc 
0 , 10 

12 13 Tunggurian wimcssed a distinct, 

NMU zone abrupt fauna1 changc. characterized 
by a dccreasc in species diversity to a 

Fig. 2. Divenity, new records and es~inct spccics or Chinese Nrogene very lo\sr species ~ C V C ~ .  i.e. only ~ V O  
Khinocerotidac. 

specics, the only representatives 
being the accrathere Acerorhit~us 

Elasmotheriini and Rhinocerotini. Thus all the four ~sa~dal~lerlsis and the clasmothcre Parelas1t~otheri~rm 
tribes of Chinese Ncogene Rhinoccrotidae arc sitrlplrrtt~. Moreover. specimens are scarce and localities 
reprcscnted in this stagc. This is the first di\. 'crsit~ peak are ,arc; they are docllmented only in the Qaidan~ and 
of  Chinese Ncogcnc Rhinocerotidse, svith thrcc to four basins. ~ ~ ~ ~ h ~ ~ ~ ~ ~ ,  four spec;es of 

rhinocerotid specics found at the same locality. On the r~inoccroses become in  this stage, including all 
other hand, there is differcnce in faunal composition the brachypotheres and most elasmotheres. 
behveen localities, which reflects a diversity of  habitats. reprcscnts a \.,cry s;pificant e\rcnt. 
The elasmotherc Hispar~otherilrttt appears in China. In the early Late Miocenc (NMUg), rhinoceroses 
whereas its distribution in Europe is restricted to the begin to their hig., diversity by an increase of 
lbcrian Peninsula in thc Early-Middlc Mioccne MN5. diversity to five including three ones. 
Coetnei~todot~, rcscmbling Hisput~otheri~rrt~, is also E~~~~~ one species of ~ h i ~ ~ ~ ~ ~ ~ ~ i ~ i ,  Dicemr/litll~s 
recognized in this stage. In China, the rhinocerotinc rillgsrronli (wllich is also documented in the Near ~ ~ ~ t ) ,  
Dicerorl~k~lrs makes its first appearance in this stage, rh~noceroses are acerathereS. especially the 
whereas in E u r o ~ c  it  is first Present in thc Orleanian genus Cl~i /or /~eriu~t~,  which includes three species, Ch. 
and becomes dominant in Europe and Turkey rat~gg~rlaetrse, Cl*. hezherlger1se and CII. hobereri. 
during the Astaracian. Acerorl~itlus and C/~i/or/terirttt~, ~ ~ ~ / o l ~ e r ~ l r r l l  is the most rhinoceros in 
the two important accrsthere gencra, also appcar in this ~ i ~ ~ ~ ~ ~ .  rts diswibution is cstcnsive, from china 
Stage. In China. thc flourishing trcnd of the to south ~ ~ i ~ ,  the Middle and southem Europe, 
rhinoceroses continues into the end of the Middle where i t  is prolific i n  the bliocene ~ ~ ~ ~ l ; ~ ~ .  
bliocene (NMU7) \\lhen dib'ersiq reaches six Prothero et al. (1989) suggested that Chilorherium may 
species. including the three new elasmothere ha\,e had its in the siWal,ks of south ~~i~ during 
Hispanotherium lit~tut~gensis. Sl~em~ot~gtheri~rn:  the bl;ddle ~ i ~ ~ ~ ~ ~ .  H ~ , , , ~ \ , ~ ~ ,  ~ h ~ l ~ ~ h ~ ~ ; ~ , ~ ~ ~  is 

I ~ ~ ~ p s o d o n t ~ i s  and Tesselodot~ fatl@iurler1sis. documented in the early \4iddlc ~i~~~~~ of china, 
.Sl~e~n~or~gtlre~'i~rttr and Te.~selodot~ are gencra cndcmic to \4,,ll;c1, contradicts abo\.,c hypothesis and should 
China, of which thc latter resembles Bcliajerina in indicate an ~~i~~ for the 
Europe. The accrathcre .-lcerorlrit~~rs rertro\rai also In thc middlc Latc ~Mioccnc (NklUIO), the diversity 
appears in the carly Tungg"rian of China but later of rhinoccroscs reaches an apex with seven spccics. 
Europe, ~vhere its earliest documentation is from the stage is adapt,ve radiation phase of 
Late Mioccnc Vallcsian (m1@11) of Turkey and Chincsc Rhinocerotidae in its geological history. The 
Greece. The Of two accrathcrc genera Ac~?rorl~itrrrs and Clrilother-i~rm 

Miocene Tunggurian rhinoccroses remains consistcni cont;nuc to be dominant, reprcscnted by d.firguetuis, A. 

until the later part of this stagc \vhen the distribution of ,or,ll,Il,,, palaeosillellsis, cll .  lIabereri and cll. 
rhinoceroses bccomcs more wide and diffcrcnces in 
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artdersso~~i. Elasmotheriini is reprcsented by dcrived 
Sir~otherirrm largreli. The rhinocerotinc Dicerorlrir~~rs 
rir~gstrorni continucs to be present in China, but 
declines significantly in Europe. This stage also 
wibiesses an important tumovcr of Chinesc 
Rhinocerotidae ivith the appearance of five nc\v specics 
and extinction of three species. The population of the 
family Rhinocerotidae declines gradually in the late 
Late Miocene, but species diversity is still maintained 
at four spccics with acerathercs continuing to be 
dominant. In addition, a ncw elasmothcrc spccies. 
Nit~gxiatl~eri~rr~~ I o g i r l ~ i t ~ ~ ~ s ,  appears with some 
morphological characters resembling Irarrotheriunt and 
other charactcrs resembling Elasn~otkerirr~~t. Ho\vever. 
a mass extinction of Rhinocerotidae has been initiated 
with last extinction of five specics. With the close of 
the Miocene. Chinese Rhinocerotidae is on the decline, 
which is consistent with the global trend. Many groups 
become completely cstinct, including tlic cxtrcnicly 

prolific aceratheres, and only Rhinoccrotini sun~ivcs in 
Eurasia, \\'hereas in North Amcrica the cntire 
rhinocerotid fauna disappcars. 

In the Early Pliocene (NIMUIZ), the divcrsity of 
Chinese Rhinocerotidae decreases to only one species 
of Rhinocerotini. Dicerorhi~tus rilrgstrottri. In thc Late 
Pliocene (NMU 13), although the divcrsity again 
incrcascs slightly, only hvo mcmbers of Rhinoccrotini 
are present. including the wooly rhinoceros Coelo(1o11tu 
a~~tiqrlitutis which firstly appears. China is thc region of 
origin for this form, \trhich then disperscs \vestwards 
and gradually reaches Europe in thc Plcistoccne. 

4 Significarice for Clirliatic arid 
En\ironmerital Reconstructiori 

Within the terrestrial ecosystem, the change in 
mammalian diversity is closely related to climatic 

conditions. Temperature has great influence on 
diversity. The warm environment is favourable for 
mammalian adapti\.c radiation: conversely, thc cold 
environment leads to a decrease of divcrsity. Thc 
rhinoceros is a typical large land mammal that has a 
sensitive response to the environmental or climatic 
fluctuations. It has bccn shonn that a \\,arm and moist 
climate supports thc maximum diversity of  
rhinoccroscs. Thc diversity fluctuation of different 
tribes of the family Rhinoccrotidac through Neogene 
times is illustrated in Fig. 3. Thcrc arc significant 
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differences in habitat and behaviour among various 

rhinoccrotid species. and the specific habitat adaptation 
is reflected in skeletal and dcntal characters, from 
which we can judgc rclatcd climatic Factors, 
particularly tcmpcrature and humidity. 

In thc Early Miocene, whcn brachypotheres donlinatc 
the rhinoccrotid fauna, divcrsity of the Family 
Rhinocerotidae is very lo\v, indicating a relatively long 
cold stage. The teleoceratines L)iaceratherilrrr~ and 
Rracl~)potheri~rm arc large to vcry large in body sizc 
with hypsodont dentition and hippopotan~us-like 
gracility. T~ILIS. it is inferred that brachypothcres should 
h a w  fcd on grass and inhabited tlic swampy or paludal 

cn\ironmcnt. The mandibular symphysis of Aprotorlor~ 
is very wide. resembling that of the hippopotamus, and 
as such it u7as initially described as a member of that 
family (Foster-Cooper, 3 9 15). These taxa indicatc an 
cxtcnsive aquatic cnhironment and a cold and moist 
climatc in the Early Mioccnc. Pollen analysis also 

indicates that conifers are dominant in the Early 
Vliocene, mainly consisting of Cuprcssaceae, Tuxrs and 
Jlu~ipents (Ma et al., 1998). which corresponds to thc 
climatic characteristics reflected by Rhinocerotidae. 

Thc Middle Miocene is an important stage of 
prosperity arid strong adaptive radiation of the 
Rhinoccrotidac. which indicatcs a warming climatc. In 
this stage. the Chinese habitat divcrsity is high, as 
expresscd by thc cocsistcnce of Teleoceratini. 
Aceratheriini. Elmothcri ini  and Rhinocerotini, of  
which elasmothcrcs are dominant \vith ~vell-developed 
hypsodont dentition with much cement and strong 
enamel plications, indicating typical steppe griiers. In 
addition to sharing charactcrs with elasmothcrcs, 
Ifispnttotl~eriut)~ has vcry slcnder limb bones, tvhich 
indicatc that it is cursorial and dalells in an open stcppc 
habitat. Acerorl~inus rcprcscnts Aceratheriini. Its 
closely spaced lower incisors are small with dull medial 
flanges and its dentition is relatively brachydont, 
indicating that thc gcnils browscd mainly upon shrub 
leaves and was adaptecl to shrubby woodlands (Qiu ct 
al., 1982). Based on thc divcrsity and composition o f  
Rhinoccrotidac, this stage was obviously warm but 
semi-arid due to low humidity. The aquatic habitats 
were rcduccd while stcppc and semi-shrubby woodland 
habitats bccamc predominant. This conclusion 
coincidcs with the evidence from the Middle Miocenc 
Tunggur, Xianshuihe and Tongxin faunas which 
indicatc a temperate and semi-arid stcppe intcrspcrscd 
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Fig. 3. Evolution o f  Chinese Kmgsne Rhinocerotid~e 

with woodlunds and aquatic habitats (Qiu ct al., 1996). 
At thc beginning of thc Late Miocenc, a dccrease in 

rhinocerotid diversity implics a cooling cvcnt. The 
acerathcrc bro\vser Acerorl~it~~is and the clasmothere 
grazer PareIast?totheriwti inhabitcd this stagc, 
suggesting that humidity was comparable to that of the 
Middle Mioccnc. 

After thc short cooling c\-ent in thc Latc h4iocene. 
the rhinoccrotid abundancc recovered rapidly. This 
represents the greatest adaptive radiation stage of  the 
family in its geological history and indicates that the 
climate again becanlc \varnl. In this stage. the 
composition of the faunas differs greatly from those of 
the Middle Miocenc: Teleoceratini disappears 
completely, Elasmotheriini and Rhinocerotini dccline in 
abundancc, and Acerathcriini, including Cl~ilo/l~et-i~rtt~ 
and Acerorltirt~cs. becomes dominant. Thc rostra1 
morphology of Clzilorheriun~ is distinctive duc to its 
extremely widc mandibular symphysis and huge lo\ver 
incisors with upturned mcdial flanges. This genus is 
more hypsodont with rclntivcly small well-won1 
premolars. These characters imply that Cl~ilotlzeri~tttr 
was a grazer in temperatc habitats (Ringstrom, 1924; 

ant1 its correlation to palaeoclitnatic c m e s .  

Qiu et al., 1982). Like brachypothers. accratheres have 
short and robust limb bones, and as such. unlike 
elasmothcrcs with slcnder limbs. they arc not adapted to 
cursorial locomotion. Therefore. the habitat of 
accratheres might not bc quite open and they are thus 
regardcd as \\foodland inhabitants. Although 
I>icerorlzitt~ts is cursorial. its body is gigantic: thus it is 
also considered to bc a \voodland d\veller despite its 
hypsodont dentition (Guerin, 1980). Rhinocerotid 
fossils indicate that the environment of  the Late 
Miocene was warn1 and moist. 

Aftcr a scrious cstinct event. thc divcrsity of 
Rhinocerotidae declincs to its lowcst level, with only 
the rhinoccrotid spccics Dicerorl~inirs rittgstromi being 
prcsent. Though the sharp decline in divcrsity indicates 
a cooling cvcnt. thc behaviour of Dicerorkitlzis 
indicates that the ambient temperature has not lowercd 
to an extreme extent. I11 the Late Pliocene. the woolly 
rhinoccros Coelodotltc~ antiquitatis appears, and its 
body is small and thc tooth cro\\n is modcrately high. 
Thc woolly rhinoceros lives in a cold climate with a 
sni;ill torso and modcratcly hypsodont dentition. This 
form inhabited a cold climatc and utilized its wide 
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muzzle and flat nasal horn to forage grass through sno\tf. 
The appearance of thc ivoolly rhinoceros indicatcs vcry 
low tempcratures during the latc Pliocenc. .According to 
the research of An ct al. (An ct al.. 1999), the annual 
tcmpcraturc fluctuation is minor in the Early Plioccnc. 
Botanical data indicate the prcdominancc of broadleaf 
trees despite the presence of abundant conifcrs. Thc 
Late Plioccne is thc initial stage of thc great icc agc in 
the northcm hemisphere. During this stage. the 
cryosphercs increased markedly and the earliest 
continental mountain glacicrs dcvelop on the Tibctan 
Plateau. This interpretation of climatic fluctuation is 
consistent with the conclusions reached from thc 
analysis of fossil rhinocerotids. 
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