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Clr~shifici~tiun of the living spccirs of rhinoceros I I I I ~  
I ~ ~ - r l l  ~ ~ ~ n l l ~ n ' ~ 1 1 1 1  ~ ~ ~ ~ l l t r o \ ~ c - r h i ~ I .  Trnditionolly. the (\\*c,. 
11orn1.1l rl~inorc.roa. wl~ic.l~ i~~clodc.s thc- Africi~rl tI)iccro.. 
I I I I I ~  ~ ~ ~ ~ r r ~ ~ ~ ~ f ~ ~ ~ ~ r i ~ ~ r ~ ~ l  IIIICJ the Asii111 (Dic.erorI,ir~u.s) 
f~rrnls, I I I IH  lrc*1.11 included in one group separate from 
the IJIIC-horned rhinuceros (Hlunoceros). However, re- 
celrtly some authors h a r e  regarded the Asian species 
i ~ s  11 h~c~ tcp  seh~rarntr from the Afncnn species, irrespec- 
tive uf tllr nunlber of horns. Furthermore, otllrrb linvc. 
s l~l i l  Ihc. living rl~inoc~.ros into lhrer 11nrc1:ltrd groulls 
t l ~ a t  i~~r l i i d t .  the Africbnll two-horntbd spc~cirs ill one 
BrOllll. 1111: i\aiillr L\I~o-IIo~II(.II rhinoreroti in r111ot11c.r 
IrcWllJ, 1111tl tllr Asim on~.-horncd rh inoc r ro~  in 11 

thirrl group. U'e invc.~tigx~ted thc. syslerni~tic r r l n t i ~ ~ ~ ~ -  
HllilJH of tI1c0 living r l i i noc r r~s  U S ~ I I ~  high-resolliti~n re- 
stric.tion sill* tni~pping of Ihe ribosornal genes of the mi- 
t~~e:lrontlrii~l I)NtZ, ;tnd nor results support the. 
tri~tlilioni~l subclivihior~ of the living rhinoceros bnsctl 
oll (1113 nulnl1c.r of Iiorns. Feu. groups of mammal> arc! 
nlorr crilicially clldil~igered than the rhinoceros, i ~ n d  
IIII.  dt1111 ol~tilined in this \vork should provide inforr~~ii- 
Lion relrvur~t lo their conrirrv;~tion. c. lsnr ,jr.drol~~ I ' W ~ ~ .  I.C. - 

, > I lie! live vxtilr~t  specie^ of rhinoceros a re  subdivided 
into lbur genera in one family, the  Rhinocerotidae. 
These animals nrc the descendants of a once l a r g ~ r  
~ r r ~ ~ 1 1  of T~,r t i ;~ry  rhincrrros th;tt was one of the  most 
suc(:csL;ful rilclii~tionh of n~:unmitls, spanning over 40 
million ycsilrs (I'rothero (-r al. ,  1986). Within this large 
n~~ l~nrn i l l i an  rad~at ion,  most authors agree thnt the lit*- 
inl: l i)r~ns sl~ould 311 be ~ncluded in either ;I s i n ~ l e  .\uh- - .. - 

I!)8lil, S I I ~ ~ I . ~ L I I I ~  ;I CIOSCL rrlatiortship among the living 
r h ~ n ~ ~ c ~ r o s  r e l i ~ t i ~ e  to niost of the  Tertiary forn~s. Al- 
~ I I O I I K I I  nulncbrotIs Old \ \ ' ~~ r ld  forms from the I.:~tc. 011- 
gocc-ncb i~nt l  14::~rly h11occ.111. t1;cvi. illso 11c.c.n rcvl~gn~z~.d 11% 

~ l ~ ~ . n ~ l ~ ~ * r s  or I I IV  l:r,1111) coritititiing thl. living rh111ctct-ro... 
t ~ ~ l i ~ y  011ly f i ~ r ~ r  ~ ~ ~ I I P ~ S I  ,.ttrvi\fc.: R/trr~t,~.~,~,.s * l n < J ~ a ~ i  a1111 
J:I\,:III ~ I I I I ~ ~ I ~ ~ ~ ~ O - . I  i ~ n d  I ) t ~ ~ ~ r ~ r / ~ r r r ~ ~ s  (Su1nt1tr3rl rl~inoc. 
S.~OS) in Asia. and Ur,z*ros tblack rhinocerosl and C(.- 
r r ~ t o t h ~ ~ ~ ~ r r r ~ r r  Iwhitc rh~noccros) in Africa. llo\r*ever. 
I>r~ci~tra~ of I I I I I ~ I ~ I ~ I  l~npulr~t io t~  rxp;tnsion, h;ibit;~t &ag- 

fitl ',? < 3 c < o  L , * l  >,,l,\, ;,;~;;;,;;w;,;~ ,l,!;ll 1 8 %  , \ S , , <  l?, $38 ,  l ,  ,v*., l,,, . 11(*111111111) 1 0  1111% l . t l111 11. 1.111.11 

mrntc~tion, nnd more reccbtitly. ~rotlch~ng for conin1cr. 
cinlly valui~blc  rhinwrre~s  11or.11 ~ l ' r nny .  1!)88), c v , . ~ ~  
Lhest. renini~nt  sprcil*s ilrlo in scbrious t l i~ngc~.  of extinc. 
tion over thei r  entire na tu r i~ l  dlstrihution. 

Systetnatic rel:ttionsl~ips among tht. surviving rhi- 
noceros genera have been somewhilt controversial. AI- 
though everyone ilgrecs tha11 the  two African genera 
should lie considered s i s k r  ~ I IXI I ,  the  rc.lutionships bp- 
t.wern the  Asill11 gcbnc.rtl ilrcb not :IS clc!r~r 1Si1rly systcni- 
i~t is ta  consitlcrrd t.11~ two-hc~r~lctl Afric~lr~ rl~inocc.ros 
a ~ r d  the* LWO-hor~ied S t ~ r n l ~ t r : ~ ~ ~  rl~inoc~!ros to III? eIoseIY 
relat.ed in  one i~notlrc!r ( the  sulrf~c~nily I)icc.rorhininac 
ofSimpson, 10.15) rtnd elialinct fro111 tI~c.onr-horned rhi- 
noceros (Rhinc~cc.roti~~r~c-). Gn~vcl ;  (I!)HY), on Lllr other 
hand, in n clndistic ~ ~ n i ~ l y s i s  oS mnrphol~igicd charac- 
ters, regarded t h e  Asir111 librn~ti its s i s ~ c r  tilxa (regard- 
less of the  nu~ i ibc r  ofhorns)  in the  trihe Rhinocerotini, 
plscing the  Al i - ica~~ gtSneril in 1.11~ t r ~ b e  I~iccrolini.  Re- 
cently, Prnthero i ~ n d  Scl~ocli (ISH!)I)), in their classifi- 
cation of llte l'erissnd;tclyl:~, groupc!d 1111 cxl:1111 rllinoc- 
eros inlo t h r  I.r.ibe I<llinclce~~oti~li, l ~ u t  scp:~rated the111 
into three dilTcrcnt si~I~I.ril)es, W I I I I O I I ~  C I I I I I I T I ~ I I ~ ~ ~ ~  on 
Lheir i~rlc~rr~~I:~tio~tsl~il~s (1~'ik;. 1 1 ,  
, Ihc  . purln)so of this s l ~ ~ d y  WLIS 1 0  t0s1 1111. diIli.rer~t 

liypothctics r~l ' l iving rli ir~errros 1111).111gc*ny, using high- 
resolution restriction site ninppin(: O S  tlrc nlilochon- 
drial DNA ribosomnl region. Specific:llly, wc exanlined 
whether molocult~r rlnlcc sul)l~orl c-it l~~.r t h ~ .  "nurnber of 
horns" Irypoth~~sis,  rvhich ~ ~ l u c e s  the Al'ric:lr~ getlc-l:l 
antl the Si11113tri1n rl~inoct~rcr:. its slstc!r p r ~ ~ ~ l l . , .  or the  
"gcso&~aphic split" hypothesi~.  5%-l~ich plitcri both A-inn 
getierii in 0111- grotrp scUp;tr;rlr~ fro111 the r \ f r~c ;~n  rhi- 
IlocclrOS 

Fc~r th15 slutly. 11 tot:ll ~ ) l '  511 r11111e1ct~r1)s + J ) I ~ C ~ I ~ ~ ~ I I S  

\\*ere t~~clucleul 11s li,llcnv~ ~ > : I I I I [ J ~ I ~  h~zc. 111 I I ; I~ I ! I I~~IC~XL~X) .  
l l l r t . r~~c hrcorrrr,\ li1.11y:l 151. Z I I I ~ ~ I ~ I ~ I I V I .  1101; S10111 :If. 
rica ( 1:lI. ( ' t . t i r l r ) lh~,~t~ trc .\r~r~rrrrr S1111111 :lli.~t.:r $;I]: %.rrl.c. 
1 l l. l l r c ~ ~ r i ~ r / ~ ~ r ~ r i s  .~ t r r~ r l r t r~~r~ .~~ .v .  ~ I : ~ I ~ I ~ ~ I : I - I ~ o ~ I I ~ o  (Sa-  
buh) (21; I n d n ~ ~ c s i ~ ~ - S u ~ ~ ~ ; t t r c ~  121. I~htrtocc~r~rs ctnrc~~otis; 
Ncpnl (I)); India-Ass:~~n ( 5 )  0 1 1 , .  ittcliv~tlu:~l ~rfdo~nt.st ic 
horse tl.:qrrtr. cal~elll~rsl wrls i r ~ c l ~ ~ d t ~ t l  41:. ;In 1111tgn)trl1. 

I t  would have been prefer:~ble ta include it t ; ip~r  a s  a n  
outgroup since these ;~nirnnls and the  rll~noccros nre 
considered to belong tu one group (tltc, (:crato~t~orpliil~. 
scpilrt~ttd from the  I~orsc-like ~w!rissocli~cLylu. Ne~vrr- 
theless, since the ~nonophyly of t he  living rllinoccros 
.;ith respect 1x1 t111- otl1c.r odd-told u n ~ e ~ l ~ t l c ~ ~  is not in 

question, using Lhc 11cxt clowly rc~liltvd Rr~lill) i t s  ill\ 

outqoul)  should no1 pose arty ~ i ~ n i l i c r ~ f i l  11rcrIb11~1ii. 
Moreover, a recent study of i.\lc. iimino i~cid ~;c*quc!lrcc 
of pancreatic polypel~t,ide irr ~ ~ e r i s s ~ ~ d i i c ~ y l s  (llcnry et 
al.. 199 1) suggcsled closer elTitii1.y 111' 1I1tn liipir wilh 
the  equids than with t h e  rhinocc:~-os. 

Total gcnonlic DNA wits ohti~inc:rl m*\atly Lion hlood 
samples following s t .an~l ;~rd pl1o1111llcl~lr,r11C)1'111 I)NA 
estracliori and clhanol procil~ilol.ic~ci (Mnni;tl.is 1.1 crl.. 
1982). A segment 1.6-kb long thnl inclutle~a ~nos t  ol'lhe 
mitochondrial r i h o s ~ ~ ~ n i ~ l  rcy;io~~ (I'LS, VIII~IIV tRNA. 
and IBS) wrls arr~l)lific~tl l i ~ r  culclr sl~c-cintc:n. '1'111- I J ~ ~ I I I C I . S  

used \verc IX;138.I (5'-'I'(:(;GA'IwI'AC;NI'hC;(:C(!A(> 
TAT-9'1 and L(:LJX*I (6'-'I'CA'I"I'KI'(~(~7'ACC'lCI*I'(;. 
CACIA(G1GT-3') nvaili1l)Ie from ICI, 1Scologie;tl (it*- 

netics. Inc. The resulting an~plilic:rLion products rrrere 
subjected to restriction rnzyrnc! ;~n:~lys is  \ v~ th  iht. I'ol- 
lowing endc~nucle:~sc!s: Acr.1, A1.11, A.<l.l, Il/;rl. ll.;r~iAI. 
Bsrl,  13stNl. 1~slLJI. 1)1icl, l j r c~ l ,  Fc)kl, 1l11elIl. ~ l l t c ~ l ,  
Hinfl, H I N I ~ .  IlphI, AlboI, blholl. Nl(rlV. I<s:/. S;~uY(il, 
Sspl ,  and TnqI. The resulti~ll: friil:ntc.nt li:~tlc.rn~ \\'er(. 
rcs<,lved in I .G to 2.0:; ;Ig:lrcrscb f i~ l s  ~ I ~ I I I I I * ~ ~  r v ~ t l ~  t*tl~lcl- 
iurri \ i r~)ni~dc,  nr~d e:lch tlilli~rcrrt 11111,lotyl)t. rviw ;rh. 

signcrl an  arbitrary letter scorch. 1P1,r c t ~ c t ~  h;~pl(~ty)v'. 
the  corresponding .;itri \r.~~rc. mapln.el onto tlie. s11r~. 
sornz11 ~e~g11rc~111 i l + i n ~  tl~c* 1);1rli111 I ~ I I ~ I I I I I ~ I C I ~ ~ : I S ~ ~  111gt-5. 
lion inii1ip111~ prcrvclurtn 1~1111';11t~s v1 111 . l!I!l:O \Vlth 
this nle*thtrti, ti l t* L~ , ! ! J~ I , . I I~  I M -  I I I : I ~ I ~ . I I  I-. . I I I I ~ I ! I ! ~ I , ~ ~  
:,g;,111. 1.u~ >\l~,i-, , , r l , s  % $ l '  \ l , , .  )>!l:ll<~r. l~ l :%~, l l l \ i . 1 i~~~ i  
(LG1,'H.I i l l  this paper,. 'L'ht. pr<duct I:. sul!lc.~'1<~1 10 

partial digestion. run In a n  ngaroxc gc'l. ; ~ n d  tlwn 
Lransfe~red to ;I nylon n ~ c m l ~ r : ~ n r .  ' ~ ' I I I I ~ L *  l i :~g~nents  
with 2% hioiin-lfilwlrd c.ntl ;irv eh.t<~ctccl I I ~  r I ~ ~ . n l ~ l u t i ~ ~ -  
I I ~ ~ ~ - I : I I I : I - ,  t111cI ;~sicl~s SIIPIII tllv first I I ~ I I I ~ I ,  ~ V I I I C I I  ~ ~ j r r ~ ~ ,  

sl10"ltls I l l  thl. ~ l l l , l l !  ~ I I I I I I ~ ~ ~ ~ ~ Y I  Ij.ilh'llll!llt, tlle' I # I I ~ ~ I s  
~rits~~rvc~cl cc~rrc~s~~oncl to I I I I I ~ ~ !  fr;tg1111:111s ~ ~ I I I I I  1 3 1 .  
III-led primer position 11, 1111. ~.cstrioLiol~ sitr .  IJsinJ: (.lrix 
tltctlrod, sh;~rt.cl bands c o r r c ~ ~ ~ o n c l  to sl~arecl rcstriclic~tl 
sites. Icragrncnt lengths were estimated with ;I known 
size standard I l-kb ladder From Gibco-RRI,). All 1h1. 
liaplotypes for enclr m x y ~ n e  were run side. Ity side 11) 

t.n.;ur,> thnt  Ii:ind.< \\*it11 the snme rlrol~ility \\.ere in f:ict 
I i o ~ ~ ~ ~ l o g o u s  and IIUL i ~ n  ;irtifact ~ , I f r a g n ~ c n t  length estl- 
mutions. In this way, a binary matrix of the  presences 
o r  absence of each s i tc  was constructed for all of tllcb 
specimens. 

Disti~nce values (i.e., number of nucleotidc sut~st ihr-  
titins Ix!r nuclwtidc site) bet\rsrcn the  dillkrent tli~lrll). 
~ y p e s  \\'ere estimated i~ccording to Nei and 'l'iyinlr~ 
11981) using the  computer program HEAI' thlcl.;lroy cl 
al., 19911. The resulting symmetric matrix was sub- 
jected the  Fitch-hlargoliash least-squares trt!c' 
building method (Fitch and Margoliash. IS(i7) \viLh 1111. 
programs FITCI1 and Iil'l'SCIi rrorn the  computer 
package f'IIYLIP tl'elscnstein. 19IlI ). 

C1:ldisLic i~nnlyses were pcrfor~nc-d will1 lhc- corn- 
p t ~ t c r  program PAUP, version 3.1.1 (Swonbrtl, I0!)3). 
using tht: c*xhnustivc? sc-arch prncedure. Heci~usc pttr:~l- 
Iel s i te  guins a r c  considered to have u much lower prol)- 
nbility than parallel sitc losses IDebry t ~ n d  Sliltle, 
1985). the  Dollo parsimony criterion was assumed for 
all cll:tr:~c&ers. Fint~lly, a bootstrap analysis was also 
performed with the  branch-and-bound option through 
lUUD replications, and only those branch 11011rls lhirl. 
were. represent.ed in 50% or triore of t h e  rcplici~l.lw wcrc! 
retained for the  bootstr:tp "consensus" tree. 

A ~ n o n g  the. 50 rhinoceros surveyed in ~.lris ttlucly. 
sevcan di l l t renl  haplotypes were itlrrltified in tllc~ I .G-kll 
long segrnent of t he  mtDNA ribosomal region tTablc. 
1). A total of 78 sites were mapped across (111 h;~plo. 
types I'l':~hl~ 2 ) ,  which reprcwmts in total 22'5 ol' the. 
:;i-qc~cncc (;lln,ut :G2 rtucleotidcs) i ~ n d  1111 I I V ~ ~ I I ~ C  01' 
I l .tit; ol' the  segment9> nuclwtides in circh tlillrlotyl)+*. 

Phcnctrc A rtalyits 

A rn:ttrls oTcstim:~trs ol'nuclc~~,tidc~ s u l ~ s t ~ t t ~ t i ~ ~ n s  1)c.r 
~>uelcc~ticle sitc th'ei and  Ta1i~n;~, 15181) IS prescnlccl 111 

'I';~l~le 3. No intrapopulation variation \$,a.- detected 
\trithin species, n minirir:rl nmount of scqut.nce ei~\'cr 
g~snc' \virs o I i s c~ r \~~d  l~c~t\vcen t h r  nortlrvrn :tnd s011tl1 
vrlr l i ) r r ~ ~ s  c11.tOv \>lirck rli~ntl~c.ros 10.27'.; ;ind t h ~ .  \\.\>:l 

r11111,>#t*r~s 1 1 l : V ~  I . i ~ > t l  I w ~ ! ~ . ~ t . t . 1 1  ! l i # ,  t u o  l 1 1 ; ~ l  

l<>il:!<t , l 1  tilt. ~ i , l : l . , l l , ~ l~  rl~ll; ,><~:l.>- $ 4 )  9: l : \ L %  L l I '  l 

tlon was I'oun11 ;inlung  he ttvo pop~~lat~c!~i , .  :.;~rnpl~d I;)r 
thc  Indi;+n rliinwcros. Interspccilic srqucncr 11ivc.r- 
Kcnce va~ric-d from 2"; between the  hl:tck ;tn11 wlrit~. 
rh~l~trcrros  to g.: bctwcen tht. Sumi~ t rnn  and tlic. Ir>di;ln 
rltinoceros. Sequrncr divc.rgc.~lcc~ l~c'I\\'t'~*n l1113 ~ I I I I I I I I .  
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eros and the domestic horse (outgroup) ranged from 
15.1 Lo 17.1$, tvith an average of  15.9% sequence di- 
vergence between these two groups. The clustering 
rn'thods used revealed similar topologies (e.g.. Fig. 21. 
ill which th r  African species (black and \vhitc rhinoc- 
t'rost ;I~I* ~trost clvsely rc.lated Lo each other and thv 
S~IIIIII~V~III rhinoceros is tnortA sinl i lnr to tht. Afr ici l r~ 
rhinocvros t. l l i~n ro the Indian rhinweros. 

120r Llrc clntlistic ilniilysis. 60 variable chnrilctcrs 
wtbrc cor~aidererl. 'rhe exhuustive search procedure of  
I'AUI' r c ~ u l l c d  i n  only one most parsimonious tree 
(Ipig. 3)  wit11 a consistency index of  0.91 and a ske\vness 
ir111a.x or [:l - 0.50, suggesting u strong phylogrlrctic 
sign:11 i n  our data (Hill is, 1991). Species relat ionsl l i l~s 
in  tlrc! r ladi8t. i~ unnlysis agree w i th  the one8 ohtained 

re. H/~,I 
43. Iihcrl 
44.  H u r l  
45. IhI 
46. ,Afb>hIl 
47, H:;rl 
48. Hphl 
49. Avil 
50. nstNI 
5 l . ~l<l t . l  

62. /3/;9l 

I'~.rc.t.l~li~p~* c,f  Sc-<l~~u~~a.c. I)ivt!rgt~nct. ~II I lr~ l~ la~Lyl )~-s 
Ost-d ill 'l'his Stucly (Sc.t* 'I'vxll 

.~p - - ~ p p  

H.$plolypc L 2 :l -I 5 fi 7 X 
- 

I 0 on 
0.27 11 00 

3 21J IH" 11.0o 
1 l i A  213 030 00U 

564 6.08 5 64 5 20 0 00 
G 6 3' .r ,? B - i H 5 34 .I 9tI 0.2!1 1) 011 

li l8 6 GZ S 511 5 09 H 0:) 7 7.1 U U0 
H IR2!1 1602 17 11 1625 15H5 1555 I5l . l  UIMI - 

Nc+ Hiqzlol, 1"- tnrnulwt.u i ~ t . t s  ~<lv~bttlivd III ' l '~111l~~ 1 

I b Rhhurnvs .n,o.mh ~Yep i l :  India I,\\u81lll 

in the phenetic analyses. i n  that the Africcin rhinoceros Considering the d i f i r e n t  modes of  transmission o f  ni i-  

are closest to one another, and the Sumatran rh inw-  tochondriol versus nuclear DN.4. it is  quite possible 

eros is closer to the Africnn  form^ tlrrln to (he gro- that the dramatic population bottleneck that these nni -  

pnphica l ly  m o w  proximrlto I l lc l i l~n rhinc~c~-ros. Sin11- mnls c.xperienced at  the tu rn  ofthe century (1)incrstein 

Iurly. the bootstr:~p itrl;~lysis s1111l)orlc.d the I I I ~ I I I I~~~~~  IIII~ h1cCrerkc.n. IYYOt had dilrc~renl cdk!cLs on lhv  II'vI.~ 
of  two-hortl~.d rhinocc-~IIS i n  57% of  OII! rc!plicalions. ilnd distr ibut ion c ~ f  \,nriillion in  cilch gc!nomc. I 'ur l l~or-  

~norc., the low level o f  n~i twhondr in l  v ; l r i i~ l ion ~IIIIII~ 

Inlms~wcific. Vorinlioft i n  this study may also be a consequence ol'I.111. conser- - - 

T I ~ ~  1~vc .1~  of intrnspccilic v: lr i~l t ion ol~sc.rvc~d i n  1.111s virtive . . nalurc! o f  the mitochondrial region sllrveycd 

study agree i n  general wit.h ~~rc!v i r~us ~ ~ ~ o l ~ ! c u l i ~ r  s l \ ~ t l i r ~  
of  rhinoceros. We lbund nu vclriirlion wi th in  African 
rhinoceros populutions, siniilur to t.hv t indinl:~ of  Ash- 
Icy et al. 11990) for the black rhinoceros or I.;i~st. tlnd 
Southern Africa nnd of O'Rynn and 1.l11rley 1199:11 Lbr 
black and while rllinocc?ros fro111 South Ali.ic;c. Our  re- 
sults are also consistent wi th  the low Icvc-l o f  inlrilspcb- 
cific nuc lc i~r  ~c.nc.lic i ~ l l ~ ~ ~ y r ~ l r  var i i~ l~ i l i t .y  obsorvcbd in  
lhese specic%s 11y iClcrc~nlc~~~tl~tr 1'1 (11. (I!)XBt. I I o ~ ~ . v r r ,  
we :llso found no vi lr i :~t ion IIII~IIII(( our SIIIII~I~I!~ or 111- 
dian rhilioceros, whicll is son~cwllc~t sulprlsinfi nll~sicl- 
w i n g  that  Ilinerstein and h2cCr11ckcr1 t lY!tOI li)tlnd 
high levels of hclcrozygosity (91;) for the surne individ- 
uals from the Royal Chitwan Nnl i r~n i l l  I'nrk i n  N c p ~ l l  

(sec. below). 
Among the major divisions tvithin each of  the* A l i i -  

can species surveyed, we found distributions of vitritl- 
t ior~ consistent w i t h  subspecific designations. However, 
wi th in  the Sumatran rh~noceros specles, we fbr~trd on' 
o f thc li:~l,lotypes from Sumatr;~ to he identical wil.11 th18 
llaplotype from Borneo, which is  supposed to h i l r l~o r  ;I 
tlilii.~.c.ni subspecies. Our  sa~,lple size. t.houg11. i n  this 
ccls~. is  too sniol l  and the mtl)NA region surv~!y~:cl loo 
consrrvativ~t I.II ;~ l lnw for :lccural.(* inli!ronces r~ l~ou l .  i n -  
trrrul)~~cilic variation. This is conlirmed by our r~ ' c~ .n t  
dc~ect ior~ of  fixed dilrcrcncc.~ i t 1  the mitochor~tlr i :~l  1)- 
loop region between haplotypes from the two d i f l i ~ r r n t  
Sumatran rhinoceros subspecies (hlorules, Snlgaocar, 
and klelnick, unpublished). 

Drown st al. 11979) suggest an e\'olut~onary rote for 
the cnttrc mtI1NA ~nnlecule of  2'; \equrnccb d ~ v r r ~ a ~ r ~ c ~ ~  
pcLr ~ n ~ l l l o n  years of evolution I l~ ,wr \ .~*r .  A l l : ~ r ~ l  :IIII~ . . . .. . . . .. . . . .. . . . . . . .. . 

:hrenvr b u . ~ m ~ ~  1 hrnt!.~ 
Iloncycutt's Il!J92) rt.\'ie\v of  recent h tu~l lcs  eugg~.sl* 

Dirnns hrmmn 1Guth \Irirn: lifs,l,rl,*rl that the ribosornal I'LS gene has a much lower evolrl. 

~ ~ , ~ , ~ ~ ~ ~ h t n , , ,  s , ,n t97 , rcn~r~  { I ~ I  
~lon;lry rnte. The fo.-sit recc,rtl o f  the Per~ssc~I:~ct).I:~ I.< 

, a , ; .  .. . \ ,  , ,,.,,;, 1 . .b.  . , .  1 8  ,, ,. , I , . , .  ,. ..., ( , , I ; l * ,  
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1i1111i1ry r : ~ l c ~  III' :111ot11 t).:l~~: S~~I~II~~IICI~ div(*r l !4~~~ct~ 1)t-l. 
I~I~~IIIII VL~:I~S. I ' ( ~ i s i l  r'~.l)rdd of the Aftlean p3~11.r;~ IJic. 
~T,J.Y ;IIII~ C~*rcl/nlhcriu~rt indici tk t11;rt ~IIC.:;~. genera 
huvc- c.tr~:s~sled for about 7 111illio11 ytt i~rs (h l~k r~ !~~ lcnder  
c/ ol.. IYXY), and wi th  a sequence divrrgencc! o f  1 .Y6%,. 
i t  ;IIW .suggests :In evolut ionaq rnte of 0.31: sc5qucnce 
divergence per mil l ion years. If we accept t l ~ i s  tufo- 
~ ~ r i n t .  ci~l ibral ion as indicr~t ive o f t h t ~  "local"  volution- 
ary r;ttc of the ~nitochontlrial ribos11111:ll region wi th in  
the rhinoceros, then the average divergence o f  6.5% 
between the extant two-horned rh i~~occros ancl the one- 
hort~sd rhinocoros wo t~ ld  indicate a cl;~dngrr~ic. split, be- 
twc!~.~~ t.hcsr lwo g r o u ~ ~ s  ill UIIOIII. 2 1.7 rni l l iou ycaars 
ago. or cilrly klioccne, which is ctlnsistent wi th  t l ~ c  ap. 
pear;lnce of th r  l i rst Diccrorhinus types i n  thto fossil 
record from Europe Illeiutiig, 1989). An  averngc diver- 
gence eslimnle bcstween L l~e  S u m s t r ; ~ ~ ~  rhinoceros and 
the African species of  5.5:: suggests a split between 
these two groups about 18.3 mil l ion years ago  This 
dote in consiste~~t wi th  the! ;~l~peart ir~cc~ i n  the. fossil rcc. 
ord or ~,IICI ~CII~IS I ' u r ~ ~ c l ~ c - ~ - r o ~  ~ lJrot l~e! r~)  IIIIII Scl~ocl~,  
198!)11), which in considorc*d the i~nccvitr i~l  h r ~ n  of  the 
Africcrn hranch of  the two-horned rhinoceros (Ileissig, 
1989). Within t l ~ c  three v i~ r i r~b le  sl~ecirs of rhi~loceros, 
the divergence estimates suggest thnt the 11orl.11rrn 
and southern populntions of  both l l ~ e  black and white 
rhincceros havc evolved independently for almost one 
mil l ion years, which gives sonle support to the subspe- 
cific designations. The same estitnatt! of one nl i l l ion 
years could be glvcn for the two haplotypes of  the Su- 
matran rhinoceros found i n  this study. It is important 
to note here that  these n~olecular clock estimates are 
approximate ;~nd  may be subject to substantir~l tLrror, 
~)art ict i lar ly ill cases of  recent divvrgcnce (k l r~ l r~ i ck ,  
1990). 

Sin11)sl)n ( 194:)) recognized two sul)I'umilies l i ~ r  the 
l iv ing forms of the Rhinocerotidae. These included the 
subfamily Dicc~rorhininae. which i~llic.d the :\frican 
two-h~)rnt.tl rhinoccros ( t . l lV  hlock rhinoceros 1)rc~~~ra.s 
:~nd thc w l ~ i t e  ~~h i~ loceros  C e r u b / h c ~ r i r ~ ~ ~ ~ ~  w i t l ~  ~111. 

Asian two-horned rhinocc.ros (the Sumatran rhinoc. 
eros I)rcc~mririrttrs l, and l h*. subfamily Rhinorerot in;ie. 
wl l ic l~  inrlutlt~cl 1111- i\sinn ~~nc . -ho rn l~~ l  rlrinocoros t t l l r  
l111lit111 IIII~ .JIIV:III s11c~cic!s ol ' t l~t!  ~CIILIS /~II~IIIJCI*~O.~I. 1'0- 
:ock (1!145) i~~ r luc led  the Asian h rn ls  (Sumatr;~n. In- 
iian. i ~ n d  Jav i~n  rhinocerc~s) i n  the s r~ t l f :~n~ i l y  H l ~ ~ ~ l ~ ) c c r -  
nnv. whil~b ~ r ~ c l u d i n g  1111. Africnrr r , l l . t ~ -  1 1  1 . 1 
'.hilv I.~IIIII~IY-I.I~.,) ill t11~' .110i,t. ' 

' l~ : l ! ! : l< , : , .~ .~, !  4 1 1  ; , > ! , , . : , l ,  
.. Isul 11, 1 , ;  . , h  , l  1 ) .  , .l:, ., . ,  . 

JIL~~~I~IIII i t t ~ t l  LIIV .4:ia11 I'~~III:, ray,a~rdl~:.,~ $)l  II~~I-11 
lumbvr. into thc. l ribe Rhinocrrotini. I l c  I'LII~~II!~ s1111di- 
,idc+d I l l is I:rsl group into tlrc, sublrilr(! Rhirrc~rer~)t i~ln 
or t h ~ !  India11 :111tl J i~ \ -an  rl~inocero:: ( i ~ n d  some- other 

~*xI.incl, I~IVIIISI :IIIII 1111, 11,il11$ l ) i ~ ~ ~ * r o r l ~ i ~ ~ i ~ ~ : ~  li1r t l lc SII. 
III~I~~ZIII ~II~IIIW(!~I)~ I ~ ~ c ~ ~ I I I I ~  I ' r ~ ~ t l t c ~ r o  ~ I I I ~  SCIIII~II 
I1989lr) c~~~~sidc.rcd :ill l iv ing ( i~rn~sofrh i t~occ~ros \\.IIIIIII 
11 single Irihc. ( l ih i~~octr rot in i )  ~ ~ n d  pl;~cc.cl the l i v i r ~ ~  
fo1.m~ i n  t,l~ree diK13r1!11t s t~btr i I r~*s ( l ) i c e r o r l ~ i ~ ~ i ~ ~ ; ~ ,  l<l~i. 
nocerotina, and U~cc.rotinn). I n  any casr, the c r i t i c i~ l  
systematic question for the l iv ing forms 1s the p l a c ~ . ~  
ment o f  the Sumatr i t~ l  rhinoceros wi th  l l ~ c  Indian rhi- 
noceros (and i ts  close rrlativt.. the .Jav;~ll r l~ inocc~~ .~ rs~ ,  
with the African rltinoceros, or i n  ;I group by them- 
selves. 

Prothero and S h o r h  11989111 included thc genus D tc -  
~ ~ n > r h i ~ i r r s  wit.11 of.11vr Ibssil fcrr~l~s ill the sul)t.ril)e 1)irt.r. 
o r l ~ i n i n i ~ ,  sel);lral~*cl 1'r11n1 tlolh Ill' Afr icr~n IIII~ the- IIIII). 
horned A s i i ~ n  l iv ir l~: forms. I)ic~.rorhinrrs is i~lm on,, 
o f  the oldest ~ i n d  most gencrir l iz~d for~ns wi th in  tllc. 
rhinocerotids (Hcissig, 1989), known S~OIII the e:lr ! y hliocenc o f  Europe. Africa, and Asia. Ilowever. th ls  
study suggests that  the present-day two-horned rhi- 
noceros o f  Africa and Asia represent a diNeren1 lineage 
from the! present,-di~y ono-hl~rnc*d rhinoceros of  As i i~ .  
c~nd t.herclir~.c* the s~rlrl.ribc I ) i c .~>r~ ) r l~ in in :~  ( w l l i c l ~  ex- 
cludes the l iv ing Ali-ican forms) should Ije considered 
a paraphyletic groul~. Obviously. we cnr~not test the. 
phylogenrtic relationships o f  1 .11~  fossil forn~s i n  th is  
~ubt.~.ibe, or rlny o1h1.r ~.hinoct?rot.itl group, w i lh  currcn l  
molecular methods; however. the results obtained i n  
this study should n~ot ivate a reinterpretation o f  the 
n~orphologicnl characters used to reconstruct the phy- 
logenp 18 I.his oncc very fiucceooli~l mumnl;~lion rrrdia- 
tion. In sum, the data obtained i n  this study for thc 
l iv ing forms support the "number o f  horns" interpreta- 
tion of  Sirnpson (194.5) i n  tha t  the two-horned rhinoc- 
~aros const,ilulc a schl~nrclte gror~l) (subf ;~~ni ly  Dicc!l.o- 
rhininae) lion1 thc one-hornrtl rhinoceros (subfamily 
Ilhinocerotini~c~) and not the "geogrz~phic split" intcar- 
prc~tution of  I'cwock (1915) and Groves (1Y8:3). 

(~orrserotrtior~ Inrplicolrons 

hlolecular genetics cnn contril)ule to thcb conserv:l- 
l ion o f  cndt~ngl-red \vildlifc~ i n  ttvo i n t r r r ~ s l i ~ t r d  \v;~ys: 
111.li11ing 1111, c l i s l r i l r~~ l i~ rn  of  ~c.1110lir v a r i i ~ t . i ~ ~ ~ ~  \vi1.l1111 
i111c1 LI~IOII~: co11sl)rcilir IIO~U~~II~IIIIS and ~ l r l e r l n i n i n g  
the evolulior~irry relationships :Irnong closvly rel;~tc!d 
Irlxa Ism! Av~se. 198!)l. '1'111. datii d'rrved ~~IIIII l)11111 p111)- 
111111 ion grlllbtlor, :tncl 11111lt-ru1ar s y s t ~ ! ~ ~ l ; i t i ~ s  t.4111 be cru- 
C:IIII i n  d e t c . l * ~ ~ ~ i ~ ~ i n g  1)ot 11 c;~ptive ~~~.opag;~tiorr ; ~ r ~ d  wiltl. 
lilb rnanag~.rn~nt str;~tc~gies. Arguably, no group o f  
n~:~rnmals is more cr l l lc ;~ l ly  r l~~ l :~ng~~rc . r l  01;1n the ~III- 
, 8 ,  , , l .  . ,, !l!, 4 ,  ' 1  < l '  l 1  , , S 8 ,  l , {< ,  l, t f ' , , l  
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LII~. .C;:.n~::t,r.~:r .tnd .J.i%.an rt1111+rt ~.t.eiil ; ~ r - t .  t . l l~s~-iy VC. 

I>III!~~, desl~it{! t11e fa~cl III;II. they ~IilTer i n  11c1n1ber 181'  
I i o r ~ ~ s .  If wc :Issumrs 1h:11 the . l : ~ v i ~ r ~  rhino is indretl :I 
sister tnson of the Ir lcl~:~n r l ~ i r t r ~  ~(;roves. I:IX3), thc.11 

1111r 1~~~s11ll.s ~ l ~ . l l l , l l l s t r ~ l l ~ ~  1~Il~;lrly lI1:1L tl1V s~l~ l t l lL~: ls l  
Astnn spccirs i~ rc -  1101 clohc~ly r~rl ;~tc~tl  i ~ n d  instead f i r11 
into t\vo distinct, long-st.l~;~r;~ted br;~r~ches of  the r111- 
noccBros phyl~rgcnctic tree. 'l'hus, ilny superficial mar- 
phologicd sil11il:rrities I)t.l\\,cen tI11. two ;I~I. l ikely to 
l ~ c  the product o f  convr*rgellce. Although the world's 
population o f  the Javz~n rl~inoceros is  less th;in 100 
tsndjudin. 19921, the loss r~ft .his sl)c.cies \r~ould clearly 
III:LI.~ t l ~ e  loss 01' >I signili(:11111 1)0rl it111 OS whi11 remains 
of the rhinocerotid radiation. En'orts to save this spe- 
cies, as well  as t l ~ e  ren~n in ing  populntions of  the Suma- 
tran rhinoct~ros (IUCNISSC h s i ~ ~ n  l ihino Specialist 
G~IIIIIJ, 1.989; St1b1111 \!'il~lIili! ~)~~II~~IIII!II~, l!)!i:$; l)irc,r- 
1ori1t.e (ienernl o f  For(-sl I ' r o I e c t i ~ ~ ~ ~  i ~ n d  N t ~ t t ~ r t ,  (3111- 

scrvt~t ion and Indoncsi i~r~ Rhrno I:oundatiol~. 1YY:3). 
thus receive further empirical sul)jmrl. from our re- 
sults. 

The mtDNA riboson1:1l region is an ideal segment of  
thcs molecule to examinr when one wishes to recon- 
struct the "deep" branchrs o f  a phylogrnetic tr1.e. Hot\,- 
evcLr, i ts highly conscrv~~d n;~lurc! n~:~lcc?s i t  c l i f l i r ~ ~ l t  to 
UH(' ill int,r:~s[)~~cific IIIIIIIYSCS. N ~ ~ v ~ r t I ~ ~ ~ l e s ~ ,  r iboso~n~rl 
genv vi lr iat ion found arnollg conspccilic rhinoct-ros pop- 
u l a t i o n ~  suggcs~s that  at least xomt. o f  these populil- 
tions IIUVC b e ~ n  separ~ll,ed for so1111. t ime icnd thus, 
agi~in. separnlc conservi~lion for cilch major regional 
aggregate (e.g.. the while rhinoceros of  South Africa 
and Zaire) is  warranted. Clearly, more reseitrch needs 
to be done to define the distribution of interpopula 
cionill, intraspecilic vari :~l ion in e ~ ~ c l l  extant r l~~noceras 
species. Along these lines, we havc begun to examine 
both a structural gene region I N A D ~ - N A D ~ )  and the 
origin of replication (D-loop) i n  the! mitochondrial ge- 
IIOIIII!, irs \\*(*I1 11s incrc:~~su our san~l)lu sizv for v i ~ r h  PI)[)- 
u l i~ t ion.  P re l im in i~ ry  evitlt~nce f ro~n  these fi~rilc+r (-volv- 
ing mitochondrinl regions (hlor:~lrs, Salga~ociir, and 
Mclnick, unpublished) supports 1111- d is t inct i \ ' r~~rss of  
diliirrc?nt geogril[~hic populrltions w i t l ~ i n  s e v o ~ r l  o f  the 
rhinoceros species. 
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