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, AB.STRACT' :

-“Rodentsc(Rhizomyidae'and Mhridae),.fromlthe.
'SiwalikrGroup,‘Eakistah,'mere'recovered;fromVEOurflocalities-
rangin§7infage'from_Miocehe,(Astaraoian eouivalent) to -
Pleistocene>(Villafranchiah eéuivalent)‘ Threeataxa.ofh

rhlzomylds were recovered (Rhlzomy01des cf Rn.nagrll,

Kanlsamys 51valen51s, Rhlzomyldae lndetermlnate) Kanlsamys‘

s1valens1s has lower molars whlch support a: close relatlon~*

Shlp between Kanlsamys and” Protachyoryctes,,;f~

Murld rodents are. the most abundant’ small mammals,
' both taxonomlcally and numerlcally, recovered from the

Slwallks° Murrd.taxa'rnclude~the new genera~ Karnlmataj

and Parapelomys, 'Newaspecies.are,ProgonomYS'debruijni,

Mus'auotor;fKarnimata darwini, Karnimata huxlevi, Parapelomys:

robertsr, and Golunda kellerlo - Other murid taxa recovéred

1nclude Antemus ChlnjlenSlS, Parapodemus sp,, Mus spv,

Karn1mata>sp., cf. Rattus spﬂ, and two taxa 1ndeterm1nate

'vat ‘the generlc level Mastomys colbertl, the only pre=.

Vlously descrlbed Tertiary murld from the Slwallk Group, 1s
referred.to Karnlmat.a°

Antemus ChlnjlenSlS is probably the oldest known

murid. It has prlmltlve molar morphology whlch ‘allows

determlnatlon.ofjcusp homology»w1th,crlcet1ds,and most

xii



| , xiii
other mammals.. Antemﬁs_is eoneiaeredznear the stem of the
Murldaeo- Two llneages are apparent in 51wallk Muridae,
_both.probably derived ultlmately from Antemus or a 51mllar

taxone One llneage lncludes Progonomys and. Mus, the other

inCludes“Karnlmatav~Pa¥apelomy53'andeQlundam

Murids probably evolved in south Asia, then spread

tb“the‘Mediterranean~regionfin Valleéian'timeob Parapodemus

apparently evolved in Europe 1n late ValleSLan,_then
‘ mlgrated to ASla, probably durlng early Turolian. The
fauna from Langebaanweg; South Afrlca (Rusc1n1an equlvalent)

has a murld assemblage more’ s1mllar to Slwallk murlds than

those. of the'Medlterraneanvreglon; Parapelomysuand Golunda

are c¢losely related to Afrlcan formso‘ A-mlgratlon route
may have ex13ted~between'the*Ind;an_subbontinentvand:Africa,
through Araolao-

Slwallk murlds allow evaluatlon of major lelSlons

'of’the‘Mur;dae. Mus,  Apodemus, Acomys and Praomys may_bei

related in one major division, and Rattus, Arvicanthis, .

;Pelomys¢‘Mylomysifandedluﬁda.may be related in another
major division. Mus and Rattusxare not.consideied closely .

related, and Praomys is allied to Mus rather than Rattus.



INTRODUCTION

fiﬁe'Siwélik;Groué'is'a’thiékrsequeﬁcé_ofvcontineﬁﬁal -
 .mpla$éic;sedimgnts Whigh’comprise.the-foothiilngf7ﬁhe
vHimaiaya-and aséQéiéted'mouﬁtainlrahgés in‘noffhérn Indiax
and?Pékistans'iTheyfréngeain_ééepfrdmrMiocenexﬁhrbugh

| :Pleistocenei :FQSSil;vertebrateé from:thevsiwaliks, in- -

cldding Ramapithecus, possiblyzthe:dldest recognizable

ancgstoraof'man}_have.been-ccllgqte@:andfstﬂdied for well -
o§é¥féfqéﬁ£uty; ﬁqﬁeﬁei;7ére?iéﬁéyéélieétiohsfof;beéil
verééb:éteSafxbmﬁthégSiWaiiksgdbntaiﬁrvéry;few;smallimammalsQ '
The lack-bf én:adéqﬁate'recordrqf small mammals from Asia
is-ajmajor"pféblemvin:the study;¢fVCénci§ic bioééogfa?hyvénd
,evplutidnﬁv The'purposerof'thisﬁstudy is to document,the: '
relative tempdral séquence,of'thé-rbdent»famiiiés Rhizomyidae=
and Muridae in the1Siwaliks, and,‘within'thié.framéwbrk, to
'interpfet_thé‘evolqiion and biogeogréphy of'theselfamilies 
of'sﬁall mammals.

.-SiWalikrsédiments; ove; 7000'me£ers in thickness, -
~are predéminantly fluvial iﬁ oﬁigin-(thnson and Vondra,
 1972} JOhnson, lé77§ Halstead and Nanda, 1973). They werev
shed frbmmthévrising Himalayafﬁountains, the reSultjbf thé;

cbllisiqn,of the Iﬁdian.subcbnfinent witthsia;(GansSery



_1966;'EOWell7and Conaghaﬁ;'1973);,7Further ﬁevement-of she
A'Indian:plate has.defermed the Siwalik Group. -

| Slwallk sedlments generally comprlse 511t or- sandy
ASllt unlts in varlous hues of orange, red or-brpwnimal—
ternat;ngawlth more or less perslstent whltish er-grayish;_
sandlunitsyd.T&pical-siwalik expesﬁres'are.badland areas
with tilfed'beds?forminé‘cuestasfwith more resistant sand—
:stones forming the Capplng dlpslope and less re51stant

s11ts exposed on steep scarps, ‘Formatlons of . the Slwallk

- Group are dlstlngulshed malnly by the abundance of sand

relatlve to siltr and the color of 81ltsu As: with- most con~
etlnental depos1ts, marked facies changes- can, and” do,‘occur
w1th1n,relat;velylshort,dlstance5¢ and.fQSSLllferousrstrata_:
of similardlithoiogy.have'been-depbsited”in separate areas
atddifferent_times; | | :

— "The mdst,complete_represeptation'of.Siwalikwsedi—j
l,mehtsfis‘foﬁnd ihvthe.Pbtwar,Plateau, Pakistan. fhe éotﬁar
' ?lateaa:(Figﬁre 1), referred todbysoﬁe authofs (e,go,"
'd§iigtim,v1910;'l9l3) as the Salt Range area, is bounded to
" the north byvthe Kala Chittaband MargalagHills,'to'fhe south
,'byatheisalt“Rangey to the west by the Indus River;.and to

the east_byethe Jhelum River and Pabbi mills.t The:richly

N :
' 1. The Pabbi Hills, also known as the Kharian .

Hills ("Khareean Hills" of Wynne, 1875), lie just outside -
_the Potwar Plateau as recognlzed by Elahi and Martin (1961)
in thelr phy51ograph1c study. However, the Pabbi Hills are






f0551llferous, contlnuous, and extens1ve exposures of the
Potwar, partlcularly ‘in. the Soan syncllnorlum, whose axis -
.roughly parallels the- Soan: Rlver, prompted Pllgrlm (1910)
~ to adopt thlS area as the type area of the Slwallks, The
» Slwallk,Hllls,‘however,;for Wthh the Slwallk Group is
-~ named, are located to the east, in what is:now India, and' -
are a separate physrographlc unlt from ‘the . Potwargt-Ther
_Slwallk Hills, comprlse mainly upper Siwalik. Group rocks.
The fauna from. the Slwallk Hills. was studled exten51velyr
by Ealooner.(see_Falconer,:l868)ihefore,Ellgrlmsbegan work
_on the Potwar piafeﬁa{h | | -'
The- stratlgraphy of- the Slwallk Group has been most;
recently rev1ewed by Gupta. (1976) '_Pllbeam:et alo.(
l‘press)‘drsouss;the blostratlgraph1c1relatiOnships*ofimajor,
Siwalik fossilsocourrences:; those in POtwartPlateau, in

’Kashmir,’and.around.Haritalyangar,.lndia@v'Siwalikatratig-b

. raphy, as lt relates spec1flcally to problems con51dered

hereln, 1s dlscussed in the Stratlgraphlc Framework chapter

of this st;udy’°

- certainly more closely related, both structurally and
physiographically, to the Potwar Plateau than- the Punjab. -
Plains to the south, Therefore, the Pabbi Hills are here,‘
considered. part of the Potwar. . THis is consistent with -

- Pilgrim's (l913) recognltlon of the Potwar° :



PREVIOUS WORK

Vertebrate:fOSSils have beenwcoilected from the .
Slwallk Group: Sane the flrst half of- the nlneteenth cene-
'tury, The early hlstory of Slwallk fOSSll collectlng has
.been‘reported“byiColbertv(1935) and Sahn1;(1956)ld After_3
the'initial'work-ofv(maihly) Falconer,'Cautley;vand |
dLydekker'in thefl800’s,~paleohtology in:the; Siwaliks-
entered a second phase after the turn of the century°
Pllgrlm, Colbert, and Lew1s added 51gn1flcantly to our
knowledgegof.Slwalrkfvertebratesuln-numerous papers'pub—d
iished-up{ﬁntilﬂahout‘theal940js#“ Sihoe.that'time%until-"
the 1970's work on the Siwaliks has been minimal. R. Dehm

and GDIHA R: Von KOenigswald'led expeditions to thHe Siwaliks

'--during'that period, “althoﬁgh-their results remain esséne

E tlally unpubllshed except for: the 51gn1f1cant works of Dehm,
ZUu . Oettlngen—Splelberg, ‘and Vidal (1963), Helss1g (1972),

and Hussain (1971). Invthe late_l960»s‘and earlygl970 S

E. Simons,‘of Yale'ﬁniversity, led expeditions to Hari-

A talyangar,.lndia,»in'coooeratiOn with-ChandigarhrUhiversity,
'India..‘Very‘little'has;resulted from-that,Work,.aithough
'vapparentljdsiénifioant-oollections were made. Siﬁce 1971,

a joint team from KyotoxUniversity,:Japan, and the-



»Geologioal'survey offlndia has'been WOrking on fossils_fron_'
the Ramnagar, India,"areao-'
| 'hEresentiyg'thereaare;threewbrojeots>underway infthez
.‘Siwaliks of Pakistanb- The Dartmouth Peshawar Unlver51ty,
Paklstan, pro;ect was : orlglnally concerned Wlth determlnlng
the magnetlc polarlty stratlgraphy and blostratlgraphy of
'upper Slwallk deposrts, but has since expanded to 1nclude
~ the study‘of.theemaqnetlc polarltyﬁstrat;graphy of.the.
ventire Siwalik-Gr-oup° 'ThebYale'University—Geological'
Survey of Paklstan progect has been collectlng and studylng
the vertebrate fossrls of the homlnld bearlng strata, that.
,is,vtheyloweraandrmiddle,81wa1;ks; fTheseatwozpro]ects*have;
been*worhing infclose association,‘and share;,essentially,
a common goal: to understand the chronology, vertebrate .
paleontology, and paleoecology of the Slwallk Group as it
applles toathe,evolutlon.of vertebrates in general and to
the:evolution of'man'in'particularor (T am»associatediwith,
and haverheen“sﬁpported by,‘hoth‘theSe projectsg) The
third project involved'in the Siwaliks of Pakistan is. the -
Howard Universitnyeological Survey of Pakistanzproject
which is,ooncerned'mainly withhtranSdIndus;SiwaliRS‘(ireo,
“that pOrtion located west of theuIndus River) andAthe_far.
western portion of theréotwar Plateau. :
hHiStorioally,,iittle:attentionfhas been focused

on. vertebrate paleontology'by'Pakistani or Indian:
\ : I A



geologists.or:biologiSts;VrThis‘situation"is apparentlyf
_chanéing° o - | |

. Even. though very large collectlons of f0551l verte«m
brates ‘have been made from the Slwallks, very few small

mammals have been collected until recently, and ‘those

‘_collected recently have not been reported in the literature .

totany_apprecrable extentg jThe_flrstvreport of-a small
hmammaljfossil.frOmjthe’Siwaiik Group is a”rodent reported
as ggg by Caﬁtley in 1835 (Cautley, 1835;  Cautley and
Falconer} 1835) _ Cautley (1836 in Falcoﬁer, 1868)‘menei

tions. Yrat, and a small varlety of. Castor“ w1thout further'

*commeht#m Falconer (1868),’1n the: ‘Fauna. Anthua Sivalensis;

reported the rodents Hystrlx, Typhlodon, a nomen: nudum,

and referred to the Mus- prev1ously reportedo- Lydekker

(1878) named Hystrlxﬂs1valens1s and.Rhlzomys sivalensis,'

and discussed the questlonable synonomy of szhlodon with
Rhyzomys. In 1884, Lydekker published the first paper-

which had a strong empha81s on Slwallk rodentso_'In that .
paper, he (Lydekker, 1884) lllustrated~and morerthorOughly

described.Hystrixrsivalensis_andrRhiZomysusivalensis;_'He

also refers to a sta-tementby_Gene-ral.SirW° E. Baker in
1850 Which.mentions thevremains of Mus from.the58iwaliks,
Then, in 1885, Lydekkerﬂ(ISSSa)treferred the original .
rodentrspeormenafrom3the Siwalik.Group.reported by Cautley

(1835) to Nesokia cf. hardwicki,(a;synonYm of the speciesr



N. indica)o Otherdearly.references tolrodents innthe
literature are > Lydekker (1880, 1883':1885b"1886),'but'
.these references do not- add 51gn1flcantly to the knowledge
of Slwallk rodents° |

Later work-on Siwalik rodents includes a brlef
review of earlier: work by Matthew (1929)° Hinton'(1933):
and Wood (1937) descrlbed several new taxa, mainly
rhlzomylds,.but_also.a thryonomyld and;a;ctenodactylldod
G,'E; Lewis-(l939)-described-a murid from near Haritalyan—
gar, Ind’ia° Colbertr(l933 and.1935)'added'significantly}
to: the: knowledge of Slwallk rodents by descrlblng the
rodents 1n the Amerlcan Museum of: Natural Hlstory collected
by Barnum Brown. |

More recently Prasad (1968) reported:morefrodents
fromgnear Haritalyangar'and"named-two,species. 'BlaCK (1972).
reviewed~the-Siwalikufossillrodents,'wlth emphasis on those
specimens studied originally bywHinton’(l933) I described
a new genus of murid- from lower Slwallk strata- (Jacobs,
l977), and that descrlptlon is lncluded in this study

"~ Rodent speCLmens,_as-yet not studied, were col-
lected by thesexpeditions led by:Dehm’ Von Roenigswald
Slmons, and by the- Kyoto Un1versrty—Geolog1cal Survey of
Indla expedltlonsoﬂl | | |

Small mammals other than rodents are even more

poorly known., Lydekker (1884) reported Lepus from the



 Siwaliks. This specimen was later named Caprolagus.

sivalensis by Major (1899). Sahni and Khare (1976) named .

'Siwalikosérexiprasadié Tmeyiknowledge; thiSjis~thewonlyﬁ

Siwalik insectivore yet reported in the literature.



METHODS -

ThetSpecimenS*utiiized invthievstudy»were.ccllected
almoet,excquiyely by‘screeﬁingvfcseilifefouslsedtpeuts'
‘“frcm'fOurclocalitiesqv_Screeninq~often.yields'lefge.samples
- of small mammels,from:vety limited;strata,,criteria that
"are usually;not metiin'eutfaceccoilections,rfSedimente
Were~SCreeued-through»tandem boxes;{éndrspecimens recovered
~Were¢pregatedtfor study-aeidescribed,by LindSayﬁ(1972)»
'AgppeximateiyvfitektOns\oﬁwseaimentfwere_ec;eenedginuthea'
1974r75»winter fieldvseesouvand'three;tonSfin?theul975;76-v
- winter. field*sea.sc»n° Additionai-field workmwes:done in the;',t
1976 77 w1nter fleld season, but’ specmmens collected then
are. not lncluded ln this study.- Also not.lncluded are’ ?g'
,spe01mens plcked up on the surface,'except those found -on
the surface of a screenlng localltye; Only rhizomyids . and -
murids are lncluded in this study, but complete faunal
lists, and prec1se locatlon for each locality, can be ob-
'rtained frcm D. Pilbeam (Yale University, for YGSP lccalities}"
and E. H. Lindsay (UniVersity'of‘Arizoua, for DP localities).
All specimens'will eveutuallyjbe returned to_the:National
Museum'ot Pakiétanepending completion of studies and aveilf 

ability_df facilities in Pakistan. -
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-Mosﬁlspecimens utilized in this afudyfare-isolated
molar teeth. iny,avfew jaw fragments with more than one
_iﬁolar*pfeaent%have’beenrrecovered“ 'Inairecﬁnmethods;used
to assoc1ate 1solated teeth 1nto eomp051te dentltlons of
taxa 1nclude the relative abundance of morphs at a. given
local;ty, the size relatlonsh;pszof Varlousemorphs,,and the
morphological chsistency (such as height of crown) between
‘ teeth'groupedfinte{the same.ta#onox |
Measurements-were read torthennearest_QQS milli-
meter'using abmicroseope fitted“with a".r.e-ti-éle° All length-
-and,w1dth measurements are maximnum dlmen51ons, taken-as;
 1llustrated by Pasquler (1974) |
Abbrev1atlons used in the study are,, _YGSP, Yale
Unlver81ty Geologlcal—Survey of Paklstan progect DP,
Dartmouth:College—PeshawarvUn;ver51ty; Paklstan.progect{;
YEM,_Yale Peabody Museum; APR, anterostyle.positionnratiO'
Ny,nuﬁber; OR,.observedfrange;iE}'mean}'a,'standard devia-
'tion: V} coeffiéienﬁaof-variatipn,' B
| Sedimentolegic and'tapﬁdnomic sfudieS'ef-YGSP
vlocalltles 41 -and 182 are underway by A. K. Behrensmeyer
'(Unlver31ty of Callfornla,>Santa Cruz), C.- Badgley (Yale-
UnlverSLty), and A. Hill (Natlonal Museums of Kenya,
N_a_J.robJ.')° YGSP locality 182 comprises’ two faunal levels.

The upper level is most s;gnlflcantdln y;eld;ng‘homlnld“'



" fossils. Small mammals described in this study were re-
. covered ‘f__ro'm.'the lower fossiliferous level, 40 feet below

the hominid level.



STRATIGRAPHIC FRAMEWORK

Atothe presentatime; no‘adeduateubioStratigraphic_
_or chronostratlgraphlc framework for the Slwallk Group
exrsts. However, the . lmmense thlckness of generally f0351l—-
'lferous sedlments comprLSLng the Siwalik : Group presents an..
.ldeal 31tuatlon for the collectlon of f0551ls in stratl—'
"graphlcvcontext*. Most'recent collectlons»have been made.
w1th partlcular concern for the stratlgraphlc occurrence.
of- f0351ls so that tellzones and concurrent range: zones:may
eventually be;establlshedﬁfOrlewallk€taXa;; Aﬂblostrat;ef
Vgraphic‘frameWOIkrestablishedfin‘thiS'ﬁannervis tbe only
way that prec151on in correlatlon, based strlctly on fos-
- sils, can: be 1mproved (see the excellent dlscu551on in. -
Emry, 1973). |

where éhYsical Proberties,of*the rocks'permit;-the;
magnetlc polarlty reversal sequence may . be 1ntegrated with
the" blostratlgraphlc framework based on . accurately docu—
mentedyte;lzones‘and assemblagelzones,to enhance the level.
'of-resolution available only with biostratigraphy,(Johnson,
vOpdyke; and'Lindeay, 1975; Lindsay,fJohnson,vand[Opdyke,
1975a'0pdyke et’alo, 1977). .SiWaliklrocks haue-been-shown
to- be amenable to magnetlc stratlgraphlc studles (Keller
'et al,, 1977, and work ln progress.by-N. Johnson of

13
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Dartmouth College, N Opdyke of Columbla UnlverSLty, and
E Llndsay of The UnlverSLty of Arizona, and assoc1ates)°
: Addltlonally, several bentonltes and ashes have been located‘
at various levels in- the Slwallk Groupal ercon gralns fromv'd
bthese beds have been, or are belng, agedvby the flSSlon
ftraCk,method by. G. JohnsonJ(Dartmouth.College) and as= -
sociates,. Ages  from these ashes are- necessary for the =~
accurate allgnment of the SlWallk magnetlc sequence w1th
_establlshed time scales based .on magnetlc teversals (Opdyke,.
1972 Tarllng and Mltchell l976~~LaBrecque, Kent, and Cande,
l977) and for correlatlon of the blostratlgraphlc sequence
rnytheHSLWaiIKSﬂw1thitho$etln~otherﬂreglonser |
The antlclpated result of the blostratlgraphlc and

'paleomagnetlc Work in progress is an lntegrated and well
documented chronostratlgraphlc framework for the Slwallk
Group. However, the systematlc study of Siwalik fos51ls

has precededuthe.establlshment of -a revlsed.chronostratl—
_graphic;frameworke Therefore, I propose_an'interim, andi
Vtemporary, stratigraphic framework (Figure 2),.which relates .
fossil.localities to- the original stratigraphic framework
ofrPilgrim (mainly lél3);dand'the lithostratigraphic frame—-.
.Work'recently1established'by‘the'Stratigrabhic Committee
oftPaklstan (Fatmi, 1973)”-'I am-neitber recommending'ace.
. ceptance of these preVLOus frameworks, nor advocating: thelr

: abandonment I am merely relatlng the foss1l localltles
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"from5whichathe samples under;study:were oEtained to |
- recognized p#évious work. I‘aeknowledgeethat both‘Pilgfim
aﬁd?thé‘Sﬁratigraphie;CommitteedoijakiSEan'were”attemptingfqa
 to,bring.order:te a.coﬁpiex<geoloqieal~situa£ion:_~

In addltlon to relatlng the: ﬁDSSll localities unaer
_etudy to previous Work, a teptatlve correlatlon w;th the -
 European mammallan_blochfonolbgic seéueaee-is'attemptedd
This is admlttedly prellmlnary, and documentatlon is,
'frankly, pooro I belleve, however, that the. outllne is
generally . correct.(for reasons dlscussed below) -The_
'uEuropean scale ln Flgure 2 is® based .on Berggren and: Van
Couverlng (1974), Delson (1975), Savage (1975),,and Fahl—
.busch (1976) .

Also 1ncluded on Flgure 2 are-: SLgnlflcant faunal
;events,bspeclflcally,' the earllest,~or;1n,some.cases, only
known:OCeurrenceAofvbiest;atigraphically,important taxa.
Thie?iﬁcludes'large‘mammais which haVe ciassically been .
_impertantain cprrelations;,and small,mammals recerded fpr
the:fiist ﬁimeria this studyg,aThe'purpose of including'
these faunal eventsiis primarily to provide limitevfor.'
biostratigraphic,eOrrelaﬁions;»bofhAwithinrthe'SiwalikA
',-Groupk-and betWeen the’Siwaliks and'oﬁher regions.

The- foundatlon of blostratlgraphy in the Slwallks
was : establlshed by Pllgrlm (malnly 1913) _He applled the

terms-Chlnjl, Nagrl, Dhok(Pathan, Tatrot, and Pinjor to
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ywnat hé*Called ZOnes-(Figure 2, first column}._ He'éefined
these-zenes_on the ‘basis of a suite of foesils'collected
f:Om-parﬁicﬁlaf~li£hologieSWJgenexally superposed,. but.
commonly in separatejand'scattered,areas;. These are‘not
-ZOnes infthe'sense:generally'aeeepted at this time.l'
ﬁilgrimfobvleusly_cdnsideredfﬁheee zones to haye4temporal
4significancey,'sone:laek efiﬁrecision is_inherent;inﬁthisv
stratigraphic.frameworktas a result of grouping fossils
from 51mllar llthologles,.but different areas. In all
falrness to Pllgrlm, the llthologles from Wthh he obtained
hlS collectlons are homotax1al in the major fOSSLllferous
areas- of the- Hlmalayan fOOthlllS, and the sequence of zones:
he establlshed 1s generally correct.: The~ages.QfJPllgrlmis
zones, as.shown in Flgure'z have been.nouifiedlte.refleC£
present 1nterpretatlons of the- temporal llmltS of epochs°

~ The framework albelt imprecise, establlshed by
?ilgrim wasyekuendeaibyvlater-authors (exg;,-Anderson,
1927; dOttef; 19373’° Colbert, l935=bLewis, l937? Gilli, 1952)
.who varlously applled the zone termlnology of Pllgrlm
(Chlnjl, Nagrl, etc.) to llthostratlgraphlc, ‘biostrati-

graphic, oxr chronoetratlgraphlc units. More recently,

: 1. The Code of: Stratlgraphlc Nomenclature (Amerlcan
Commission on Stratlgraphlc Nomenclature, 1970, p. 11)
‘$tates, "Article 20--A zone is the. general basic‘unit=inp
biostratigraphic classification. It is defined as a ‘
stratum or body of strata. characterlzed by the occurrence
of a fossil taxon or taxa from one or more of which it re-
ceives 1its namec“ S B




718
»the Stratiéraphic.Committeerof Pakistan'recognized litho-
stratlgraphlc unlts 1ncludlng a Slwallk Group with, in i
'fascendlng order, Chln]l, Nagrl, Dhok Pathan, and Soan |
| }Eormatlons (Fatmr,-l973) -These formations were defined; .
-characterized and type sectlons desrgnated bFossil con-
.tent and. age of each formatlon were dlscussed by the
Strat;graphlc Commlttee, but the formations were not de=
finedron the'basisfof,fossils;'.Thetformations'are;inde—
pendent:oflahy'truetbiostratigraphic frameWOrk'(whiCh
remalns to be establlshed) It is confusrng and unfortunate
that the Stratlgraphlc Commrssron (in- most cases) chose to
‘employ the names- flrst 1ntroauced by Pllgrlm : However; the
conceptual bas15 of separatlng llthostratlgraphlc from |
other»klnds ofvunlts is sound - Theladvantage of havlng 5'
llthostratlgraphlc framework dlstlnct from a true blo—_'
stratlgraphlc framework far outwelghs the semantlc problem
'ofeyet~another usage of the,terms:rntroduced by Pllgrlmo
Tbe.type sectionsaofAthree'of:theseiformationSf(Chluji;
Nagri, Dhok Eathan) include_the eponymicrlocalities'of
VPiigrim‘s ZQnes of the“same:names, and, thus, can'easilY
be. related to them,1-

The establlshment of formatlons by tne Stratlgraphlc
Commlttee of Paklstan was meant to be a posrtlve step 1n-
ach1ev1ng con51stent deflnltlon of units: and consrstent

usage of termsaz Whlle I recognlze there are major problems
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to be overcome;_particuiarlyzin.extending the formations |
daway fromzthejtype sectiona;vI‘apply the formational. names -
recommendeduby'the StratigraphiC“Committee;of“Pakietantf
"where approprlate in- thls stuay,_j-e * | - o

“The Soan Formatlon was orlglnally named by
Kravtchenko (1964), and was meant to comprlse the upper
unlt of" the Slwallk Group in the- Potwar Plateau, and
wprobably; to lnclude:both.Tatrot.andfPlngorvzones,of PJ.I!.-c;r’r:i«.l_t‘xgs\"i
Unfortunately, the concept that a 51ngle upper Siwalik.
unit in the Potwar area was: at one. tlme a. contlguous rock
unit: remains to- be: demonstrated andgthererls-nogllthqf-
.loglcak,homot&x15~of*bedSilnaseparate%aﬁéaﬁ%tohshggest?f
that'the;upperpsrwalik:unit'mightpever‘haye been contiguous
‘over the;Potwar;l Additionally, Krthchenko referredvoniy
the upper bedshof the Pabbi-Hills‘(Unit II:of-Keiler, 1975)
to the Soan- Formatlon, and dld not mentlon the underlylng |
upper S;_wal:.kgbedso DeTerra and Tellhard (1936) tentatlvely -
‘ suggeated'thatytheiupper unlt.ln‘the.Pabbl Hills (Soan,
Formation of:Kravtchenko,dl964; Unit II of Keller, 1975)
umight actually‘represent the Boulder~Conglomerate zone'of
Pilgrim: (1913). | However, the Stratlgraphlc Committee of
Pakistan dld not lnclude the Boulder Conglomerate in
synonomy w1th the Soan Formatlon. In’ fact, the Stratlgraphlc
‘-Commlttee of Paklstan dld not recognlze any llthostratl— :

graphlc equlvalent of'the‘Boulder’Conglomerate.(Fatmly 1973),;
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hence, the diagonalflinesrin the second column in'Figurerz
at'the levelnof therBoulder COnglomerate zone; Whateverr
]the status -of* the upper unlt in- the Pabbl Hllls,'at thlsh
tlme, 1t certalnly cannot be demonstrated as the litho~--
logic,unlt named Soan EormatLOn_by Kravtchenko (1964).

This is-not‘togsay that*the Soan FOrmation is‘not a proper
lithologlc unit; it probably is, but 1t is apparently of
lllmlted geographlc extent |
The Chln]l zone, the lowest of Pllgrlm s zones,:'
“has a fauna>dlst;nct:from;the_other zones, andjlndlcat;vei
.'offan olderfage;._gipparian‘was~originally~includediin'thef
g Chinji@zOneaby{P&lgrim (1913);:however;~Pilgrim;consideredn.
that Hlpparion was only present in_the.uppergChlnji,pand_
primarily on‘that'basis, heorecogniaed upper and l0wer
chinj'i ,zones,-:'” \liariojus. later authors (e.g. , Colbert, . 179,3}‘5‘) .
have réCognized,Hipparion-as,a-Chinjilelementhn More re-
.cently, Simons; Pilbean,iand Boyer (1971) have}questionedi
'the.occurrence of. Hlpparlon ln the Chlnjl, even the upper
Chlnjlr, Thelr analy51s strongly suggests that reports of
Hipparion from‘the Chlnjl-are the result of confused data
or m1x1ng of-: faunas,‘ Hlpparlon has been collected from

. strata: apparently low 1n the Nagri near Bhllomar (N
'Johnson, Dartmouth College, oral communlcatlon, l977)
Apparently, Hlpparlon first occurs in the Potwar in lower'

Vagrl,vor pOSSlbly, upper;Chlnjlg
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. YGSP localityﬁél.occurs in the area froﬁ which'
g.Pilgrim obtained the'origihal Chihji faﬁna° It is in the
lower thlrd of -the: Chlnjl Formatlon, and, therefore,t
aLmost»certalhly predates“the:flrstﬁoccurrence,of H;pgaricn;

'ln the Potwar area. - The genus’Listriodon“occurs at the=

level of YGSP Lecallty 4l, as do the cricetid redents

Copemys (Democrlcetodon) and Megacrlcetodon° These three‘

- genera, Wlthout Hlpparlon, are. found together in mldd

‘ Mlocene localltles in. Europe, for example, Anwrl
Swrtzerland (Engesser, 1972) A tentatlve correlatlon
_may thus be suggested between YGSP locallty 41 and such
European” localltles as Anw1l and. Sansan whlch are 1ncludedi
rn»AstaraCLan mammal_age (Fahlbusch 1976)°

.JJaCObsf(i977) recently descrlbed a muriﬁVrodent

fAntemus chinjiensis from YGSP locality 41. " Murids aré not

'presentlyiknewnffromeAStaraeian'depositsjin-Europe; ,Thus;~
if the-correlation_of’YGSPileealit§h4l‘preposed here .is
>COrreet,jAntemus is the'oldest,murid~yet'discovered@»
ﬁiEEarien:is an important faunal element in bio-
stratigraphy and intereontihental correlations.. The-first
o recordtef Hig?arien_in Eﬁreﬁe marksﬂthe'base of}the

'Vallesian mammal age. Delson (1975) considers_the first:

1. Follow1ng Daams, Freudenthal, ,and van de Weerd
(1977), YGSP locality 41 may: correlate Wlth the - Aragonlan
‘stage.’ Fahlbusch (1976) considered the Aragonlan as a
“superstage“ which 1ncluded the Astaracian.
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occurrence of Hlpparlon in Europe, and therefore, the: bese_
'of the Valle51an, to be 12 ll 5 mllllon years ago° It is
'Vreasonable to assume. . that the flrst record of Hlpparlon

in the Siwaliks approx1mates the first record of Hlpparlon
Cin Europe,’rea1121ng, of: course, that thlS assumptlon has‘
not,.as yet been substantlated |

The Nagrl and Dhok Pathan zones of Pllgrlm almost

certalnly represent Cat least in part the same bio- -
stratlgraphlc lnterval (Pilbeam et al,, in: press), although‘
lPllgrlm apparently did not. thlnk SQ... Typlcal Nagrl and
Dhok-Pathan~assemblages exhlblt.only‘minor'taXOnomic'dif—
férences;' ReeValuationlof&thesefzoﬁes'by:Pilbeamfetgall
(in preSS).indicateszthat,a'majorffauﬁel change;occurs}high,
"in-theiDhok,Pethan_at the[eponymicpsree“near,Dhok Pathan
:Rest House, an&'also ln beds,near-ﬁasnot-(Pilbeam et al.,

in press). - They note-theliirst.appearance of Reduncini,

Sus, ?Presbytis,(the;oldest Siwaliklcercopithecoid), and

the absence of”Miotragocerus; 'In addition, murid rodents.

- recovered from lower Dhok Pathan levels-near,DhokrPathan,
-'Rest House, and those from near Hasnot are dlstlnctly

o d:.fferentcl Those- from Hasnot have attalned-a;hlgher stage

1. The murlds from: near Dhok ‘Pathan Rest House
were collected by me in’' the winter of 1977 from YGSP
locality 24. They are not considered in’ ‘this study, but
‘are apparently taxonomically ‘similar, if not identical,: to
‘those from YGSP locality.182, which are described. hereln.
The murids from near Hasnot are’ from DP locallty 13 and
- are 1ncluded in - thls study°
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of evolutlon, and the assemblage includes the flrst record
of the modern genus’ Musq |

Dhok Pathan and Nagri.Formetions, that is, lithol--
;ogies;fere demonstrably transgressive from DhokrPathan Reét
HOusegnortheast'ofﬂKhaur;k MartinuPickfordz(Queen.MaryeCole»
'lege, London, oral communlcatlon, 1976, 1977) hes treded'conﬁ"
.tlnulus sandstone beds from Nagrl Formatlon llthology near
‘jADhok,Pathan RestAHouse~1nto'Dhok'Pathan_Fonmat;on llthology--.'
near Khaur. ' | | |

YGSP locallty 182 occurs. in Dhok Pathan Formation
'llthology near Khaur° HlpparlQn:lS present, but there are
no‘redun01nesj or cercopitheooidsr_?Theqmurid.generefﬁ“

/rProgonomys and,Parapodemusl_have been recovered from YGSP. -

_ldcaliﬁy‘lBZ,rand‘are-describedfhereina ProgOnomys has a-

record in North'Africa and;Europe'of-lafe Miocene from Val-

lesian into Turolian ages. Parapodemus is-known from Europe .

and,dless seCurely, from-the Ertempte fannarof“Mongolia;
-It:ranges in age frOm_Vallesian'tovBiharian;:buﬁ it is mot
';'characteristic of Turolian- age.

Michaux (1971) and%van'de Weerd (lQ76)fdonsiderf2§£§f

podemus a descendant of Progonomys cathalai (although theor

theories differ in detail);,and that Paragodemus,evolved

froijrogonomys in southwestern Europe in late Vallesian

: 1. Mlsonne (1969) - 1ncorrectly referred Mastomys
colberti from the Siwaliks of India to Parapodemus. This
“1s8 more fully discussed. in a later section of this study.
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time. If this is correct, and if Parapodemus is monophy-

letic (i.e., iffParapodemus evolvedionly<erm,p0pulations‘of

Progonomys cathalai, only in southwéstern Europe)a then

Asian records of-ParapodemusfbannOt-be older than late Val~-

lgsian»équivalgnts;,andg'mgrgalikely; may be.younger. Both

Progonomys and Parapodemus from YGSP locality 182 exhibit

o progressive“characters, which are consistent with a younger

than Vallesian age. I suggest a véry-tgntative correlation
of*YGSPtldcality l82~wi£h the Eufépean Tﬁrolian, latevMio?
'cene;. Ituisfpefhapérsimilarvin age~t6 KéhﬁidiSch, Austria;
conéidé%ed:by Bachmaye:*and’wilsoﬁ;(1970)vto be éariy Turo—
ﬁlian@ fHQWévér, ﬁhéfeyidehcefis~not#so-Strdng;asuto%pﬁeclﬁdev
é-Va;lésian<éqﬁivaléﬁ£.égener:YGSP'182°:
| i DP{ldcalityfl3'i$ loﬁated néar Haénot; Fossils«frém
this,érea were included by Piigrim»invthe:Dhok Pathan zone.
The .fauna from‘theVHasﬁot area; specifically the presence of
-reduncineé, cércopithecoids,,and‘§E§, iﬁdiCate'a:YQungerjage--
for these*strata thah.YGSE loéality 182. This is airectly'_,
éupported:by the.pfésenCe of ggg‘at'DP locality‘l3°' The i
'constraints\imposed.by:the inférredﬂage of YGSP locality

1é2, as aisquésed,above, and-the>age of. beds oVerlying‘DP
locality l3,1as_deﬁermined by ﬁagnetiC'polaritykstratigraphy,'
-iﬁdicaté'an age-equivalént to. some: part Qf the European
Tﬁfolian age; Data available to me_are not sufficient to.-

suggestwany-refinement,of‘this correlation. . .
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_.The,upper Siwaliks,rwhich-coﬁprise-the-Tatrot,
Pinjor;'and Boulder-donclomerate’zones'of_Pilgrimylhave
been&moreeadeduately studiedfwith"respect*to;magnetic‘-
polarlty stratigraphy; .CollectionslmadeAin-cohjunction:

with the- determlnatlon of the magnetlc polarlty sequence

”-lallow the prellmlnary redeflnltlon of Tatrot and Plnjor

zones of Pllqum as blostratlgraphlc unlts (E. Llndsay,
’Unlverslty'ovarLzona,,uhpubllshed_data)° vAddltlonally,
»tWo fissionetrack“agefdeterminatlons are available for - .
ashes (Go.Johnsohret al., lh prep );.ahd provide important
-:data for the allgnment of: the upper Slwallk magnetlc stratl—p
graphlc sequence w1th tlme scales based on magnetlc re=
'versals, These new data are 1mportant in the chrono-
\

stratlgraphy and blostratlgraphy of the upper Slwallks,

“but it must be kept in mind that these data were collected

- and are belng applled in a conceptual framework dlstlnct

_ from that underlylng Pllgrlm S- zones. v
Magnetlc polarlty stratlgraphy of the upper Slwallks'
in the Potwar area (Keller, 19753 Keller et al,, 1977; -
work in progress-made avallable»to-me malnly-through oral
and ertten communlcatlon with E. H Llndsay, Unlver51ty of
Arlzona) prOV1de ‘the basis for the correlatlon and relatlve'
' p051t1on of fOSSllS in. the upper portlon of Flgure 2 The-

age estlmates in mllllons of years (only glven for the last
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five mllllon years) shown in the far rlght column of
‘Flgure 2 are lnferred from magnetlc data.
| Opdykewet al°3(1nxp:ep@)»1ncludeistrataacha£—~
',acterized.by the'joint occurrencefof Hippaﬁi@ﬁlénd §g§§£
protodon?”an.earlyﬁchipp¢90tamusrhin the Tatrot zone of

';Pilgrimhi The first occurrence'of‘HexaprotodOnnis in strata

'referred to- the upper portlon of magnetlc epoch 5 and
hence, lmplles an age of- sllghtly older than 5 -m, ye, A
‘ 51gnlf;cant change in the fauna~o£'the upper Slwallke,
speciflcally, the fixet‘occnnrence,ofﬁgggggland:EleEhas,.‘;-
occurs,in,theiloﬁer-part otdthe;Matayamacmagnetic;epoch atl;
about’ 2.2 m.y. Opdyke. et al. (in- prep. ) : sﬁg.'g.e.st-_ that. . thl.s :
5:15 an approprlate level to recognlze ‘the tran51tlon from
Tatrot to Pln]orefaunas,- Equus and EleEhas are found in
:;Villafranchian»and-later;faunas.of Europe;. The magnetlc
and-biostratigraphic data:fron upoerJSiwallks in Pakistan
~are. generally, but not completely, con51stent w1th the
"observatlons of Nanda 0973) and Sahni” and Khan (1964 1968)
on upper Siwalik faunas in Indla..
| -DP'locality_Z4-o¢eurs slightly above-the Olduvail
magnetic event'in ‘the Pabhi“Hillse_‘It' therefore,tie
early Plelstocene in age, and. younger than about 1.9 m.y.
.The bush: rat, Golunda, which llves today 1n the Pabbl

_Bllls, ;s flrst_recorded as.a‘fossll-from DP locallty 24,
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' If the upper llthOlOglC unit of the Pabbi Hllls
is referrable to the Boulder Conglomerate zone of Pllgrlm;,
as: suggested by DeTerra and Tellhard (1936), then magnetlc
Vdata (Keller, 1975 Keller et | alo, 1977) suggest an age»
of between.BO0,000 and 400,000 years for the-Boulder
| Conglomerate in the. Pabbi Hills..‘The depositioh-of the
upper unlt was halted by the upllft of- the Pabbl HlllS°'
however, dep051tlon of beds referred to the Boulder Conn
glomerate by Pllgrlm probably occurred later than 400, 000

vyears ago_lnrareas other:than‘the_Pabblq



- FAMILY RHIZOMYIDAE

Prevrous to thlS study, rnlzomylds,-mole or bamboo
rats,rfound in surface collectlng were -the most diverse
and abundant Slwallk fOSSll rodents; ‘Black (1972) presents
a comprehen51ve review of Slwallk rhlzomyldsa Dental
termlnology of rhlzomyld molar teeth'used in this study is

shown in Figures 3 and 4,

Rhizomyoidesgcf,:E?.nagriif

Referred Materlal DR¢395g{leftﬁMiiTYGSE?8083?7~
right M%; YGSP 8084, left w2, YGSP 8087, left Mp; ¥GSP.
8082, 8085,~8Q86, right M—° DP 394, 1eft M— (Flgure 5,

. . 2 ! ’
Table 1). '

Stratlgraphlc and Geographlc Rangea.'Dhok Pathan -

Formatlon, YGSP locallty 182 DP locallty 13 Palet&ﬂ‘
Lower Alternatlons, Harltalyangar, Ind:.a° |
Agec-'Late'Mlocene,-Nagrlr(?) ‘and Dhok- Pathan

.zones of Pilgrim,.latebvallesian(?) and,Turolian equivalent.

Description. Rhiz'omyoidengc.qu_Iiq nagrii is repre-
sented’by’isolated teeth?from YGSP locality 182 (six:
specimens) and DP locallty 13~ (two specimens). Teéth from

these localltles are referred to the same taxon desplte

28
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'Table*lw Measurements’of Rhizomyoides;bf._5.[nagrii,.

Specimén~--j : ' ) 0 o -
Number. . . Element Locality " - = Length -

YGSP' 8083 - M* . yesp 182 . 3.25

YGSP 8082 . M, . YGSP 182 . 4.00 .

DP 394 M, DR 13 . 4.25
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.their:stratigfaphic separation'because‘théy are simiiar in'f;
éize and‘hy§soacnty°“ o o
MéJis représentedqbywonevmpderatelyﬂworn and;damégédQ
speCimen;froﬁ'DP.localiﬁy_13; '£t.has3an{a5ymmetrical f--.
  occlﬁsé1 butliné.épparently cbﬁpﬁiéiﬂg_four'léphs (anteroa--f
loph;:érétolqph, mesoloph,; and posteroloph). Tﬁe;labial
and,p¢$terior}mérgins of,the.toéth%are-absent'in this-
specimen,fbut.fhé anteroloph,_profoloph, meSQlQph, and
metaloﬁhfare connéctea,in wear,albng the.labiai”portion
of thé%téothywSQParated:only_bygisolatéd énamel,ques,
ThéﬁtcOth»ié'déqidedlygmofe‘hychddOnt:along»tﬁexiinguél.
sides t_iian‘" the:labial. side. 'Roo#:g.v are: nbtf-.:_pré,s._erv;ed in- this: ,
 speqimén; | | I |
| -M2 is-rééreééntéd.by twb §pécimehS froﬁ'YGSP
localitycléZ,ﬂthh~infearly-Wear,,but-one=slighfiy,more
1Qorﬁ ﬁhan‘the 6ther? 'One’specimén»has thé labial'eﬁaﬁel
brokén.awaym - They are more hypsodbnt %ingually thén
;-labiaiiyaﬂ'Mz’hés;foﬁr lo?hs Kahﬁefolopﬁ}’protgloph, mest
b loph, and.poéﬁeféloph)n The'pdsﬁerior:arm of the protocone
is constricted:at‘the'prthcoﬂng A distinct éonule is
‘piesent atvthe(ofigin df*phe protlophgin ohe of the
specimens,v_The_mesoloph is lgngfénd extends traversely
:-acro$$fthé'£goth;, Theféfisﬁno.tﬁaCe of é-métaloph:in
' eiﬁhér Qf thesébspeéimeﬁs$ Th?iféﬁr,croééilophs'are-

distinct and well=séparated,’except'along the Iabial
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margin;of,the tooth.where-they-fuse in telatively early .
weat;ffNogtoots,are preserved_onyeither-séeoimen,. -

My is. representedabyvohe«s@ecimen froﬁ»YGSP
locallty 182 w1th the anterlor portlon of the tooth m1351ng°j5
It is more hypsodont lablally than llnguallyc. The antero— |
lophid- and metalophld‘ane not preserveduexcept, agparently,'
'h at their origins;7uThe;ProtoconidihaS‘a;iow;connection'withtft‘

:the anterolophld The-ﬁesolophid'istlong} but does not

extend completely to the llngual margln of the tooth. The -
_ hypo;ophldﬁls-strong,»butnjolne_the-hypooon;d;by,a_narrowa'
,oonnection; Thefoosterolophid‘iaawell‘aevelopedland ex-
_tends along tne posterlor margln “o'fr the- tooth Mifapn_
parently has a broad posterlor root and an’ anterlor root°

,“le1e;represented_by_thtee,teeth (two of'them

‘damaged) from ..‘YYG'SP'- locality 182, M, is moze hypsodont
~'labially{thanelingually;att oomptisesvfoutndistinot'and
“well seoarated»loohs~(metalophid}tmesolophid,_hypolophidr
“and poeteroloéhidl;:-ihere?is.apparentlyino anterolophid'
and.the-anteriorvcingUlum.is quitevreduced,' The metalophid: -
Weakly jOlnS the protoconld at. the anterolabial limit of

the-tooth: The mesolophld is long and relatlvely narrow°

. The hypolophld is weakly connected to ‘the mesolophld at

about the longltudlnal mldllne of the tooth » The hypo—

' lophld is lnltlally 1solated from the hypoconld ‘but forms
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a:neak connection with it in early wear. Thehbostero-
lophld is strong and contlnuous with ‘the- hypoconld Mff
is . two. rooted | \ N :

Mgris represented byfone tooth from DP'looallty 13.
It comprlses a metalophld hypolophld and posterolophidQ
The mesolophld is apparently absent, or at least fused :
with the hypolophld The metalophld arises from the proto—r
. conid at the anterolablal llmlt of the tooth - The meta-.
lophid and'protoconld‘have jOlned in wear in this specimen~
- near the longltudlnal mldllne formlng an anterolablal |
1solated enamel-lake?  The. labial reentrant valley sep-‘
aratingfthe-protoconid;from;the,hypoconld is Verygwell
‘developed~and eXtendsbacrOSS theflongitndinal nidlinerofh

the tooth. M, is two rooted..

3 o S
' ofmpari—sons° Black (1972) reoognized five species';

;of Rhlzomy01des represented by only a few. spec1mens each.:

VI-RhYZQmYOldeS nagrll lS characterlzed as: belng larger than .

R punjablenSlS but smaller than all otheér species of

thzomyoldes and havrng_mesodont cheek ‘teeth. Rhlzomyoides>

‘nagrii is»known only. from four lower jaw-fragmentszwith

Mo 3 more or less com@lete, M2 from YGSP'locality 182 and
M3 from Dp locallty 13 resemble R nagrii more closely’ than
:.other species of the-genusov The M3 from DP locallty 13 may

_be advanced in having the lablal reentrant between the

’ protoconld and hypoconid extend. well past “the longltudlnal



| 36
midline{Of'the>toéth@ VThe-uﬁper molars and Ml.are referred

to Rhizomyoidesecf; R, nagriirbecause they’are:apperently

- most Similarvto that. species: in size and hypsodonty.

Discussion. There is considerable stratigraphic

Separation between'YGSP-locality'ISZ and DP locality'l3;f”'
In some groups, notably the murlds, conSLderable evolutlon
'occurred between the time of dep051tlon at the two lo-

calltles,V The type locallty of Rhlzomy01des nagrll is

neaxr Haritalyangar,,lndla. Probably if adequate samples

- were avallable, evolutlonary trends ln RhlZOﬂYOldeS

could be more effectlvely analyzed the,lack>of,a sté4' 

_tlstlcally slgnlflcant sample-of Rhizomyoides nagrii. o
from any locality~necessitates theslumping‘ofAiseleteéﬁi
specimens from broad stratigraphic and geographic limits’

into the same taxonomic unit.

‘Kaﬁisamys-sivalenSis.WOod;‘l937f.'

,Refetredeaterial,r‘(All YGSP. numbers.). t7982,

7985, 7989, 7990, 7993, 7995, 8029, right M%; 7983, 7984,
7986-7988, 7991, 7992, 7994, 7996-8001, left MY; 8002,
8004, §Q09~8015,»8017—8021, fignt;MZ,.30037 8005-8008,
8016, 8022, 8028, left MZ; 8026, 8033, right M3, 8023-
8025, ,8027,.8030—3032,vleft;Mi; 8036-8038, 8043, 8044,

right M= 8046, 8049, 8050+

T i
‘8052, 8054, 8056, 8058-8064, 8066, 8067, rlght M2’ 8045,

8035, 8039-8042, left M



: _ L , 37
8047, 8048, 8051',.80.5'3:», 8055, 8057, 8065, left Mx; 8068,
'8070-8072, 8074, 8076, 8079-8081, right M=; 8069, 80_%3,
§075, 8077, 8078, 1éf£.M?—.- {F'i,gﬁreéf“fs—~1o Table 2).

Stratlgraphlc and Geographlc Range° Dhok Pathan

",vFormatlon, YGSP locality 182, Pakistan; Lower Alternatlons,

.Harltalyangar, Ihdlab
Age,;-Late Miocene, Nagri aﬁd/Or DhOk Pathan zone

of Pllgrlm, late Valle31an or early Turollan equlvalent.';_

Descrlptlon, Kanlsamys,slvalens;s“from YSP lo=
‘_.cality 182 is-known only from:isolated teeth. - The cheek:
“teeth are lophodont and hypsodont however, the llngual
‘ﬂhortlon of upper molars is decidedly more hypsodont than
the labial portlon, and'the,lower molars are:more.hypsodont
" labially_than-lingually, . The difference,in hypsodonty
ibEtweenxopposite eidesiof-the eame*tooth is not so marked
fin lower molars~as:in uppers. Cement is apparently not
lpresent, desplte the fact that the teeth are hypsodont
' Upper molars are strongly inclined posterlorly.
: Ml is asymmetrlcal in occlusal outline and comérises~
: our.basicrlophs.(anteroloph; protoloph, mesoloph, metaloph).
The»ahteroloph extends:anterolahially from'the'protocone.
' he anterocone is varlably developed on the anteroloph
formlng a posterlor bulge dlrected toward the- protolophs
The_anteroloph”extends to the anterolabial portion of the

tooths Theﬂbrotoloph"ektendé trahsversely across the tooth
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Measurements of Kanlsamys

Table 2.
. locallty 182

sivalensis erm YGSP:. .

N . oR X . . 8. ¥

LENGTEﬂN;

M= 18

M— - 19

M= 22

M= 13

M~ 18 -

M~ 19

M= 22

M= 13

1.93-2.83.
1,93-2.53
‘2;l7—2;50ﬂf
12.50-2.97
2.23-2.77

2.67-3.20

-lﬂ8342°50
2.00-2.47"
' 1.83-=2.37

l-o 73"‘20 03

2,17-2.63

2.03-2.40

2.494%.054
2.242#.033_
2.266%.054
f72Q64li;060ﬁ
| 2.460%.026

2,875£.035

WIDTH
2. 193:°o47'

2,274%.030:

2.081%.067

1.916+.035 .

2.359+.031

2.262+.028"

.229%.038

.144%.023
142:.038 6.
.170%.043 6.
.120£.018

.126%.025

*,19éi;o33;,
 ¢130i;O2l
;IYSi;O487iv
.100£.025"
 °147i;022j

.101%.020
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from. the. poSterier arm of the p’rot‘ocone° The paraconerisf
large and bulges anterlorly toward the anteroloph 'In‘gii
‘moderate wear the anteroloph and protoloph ]Oln at the_f .
- anteroconefandgparacone;,resultlnq_ln;theaformatlon-offaniaA
isolated enamel lake. The=mesoloPh ie variahlyvdeveleped@,
It is essentialiy absent in 1 of 21 specimens; it extends,
te‘the‘labiallmargin‘of the toeth;in_s_of'Zl'epeeimens,b7
bnt_doee not_reach_thewlabial_marginVQf_the;teoth in 13 -
of 21 s_pecimene° A aietinct mesostyle is preeent in 8 of
13 specimensoi The metalephlarisee,from the.posterior arm—‘
~of* the hypocong and isAd;reeted-slightljfanterolahially
abross the tooth.. Tné"met'a-coh‘e”bulges-'antéﬂr-iar:ly; I."t".
_connects with a short. mesoloph in 2 of 21 spec1mens.’rThe
protoloph and metaloph are connected at the. 1ab1al margin
of the tooth by a rldge ‘and, when present the mesostyle..
':In=wear.the protoloph and metaloph.301n.at~the lablal ridge .
and mesostyle and thus form eithersan irregular enamel“.w
lake (if the mésoloph: is short)y}or;twovtranSVersely elon~-
gate’enamelflakes.(if:theameSOIdph.ektends to- the labial
berder of the tooth). | The’posteroloph‘arises fron the
posterlor arm of the hypocone llngual to the - longltudlnal
‘midline of the tooth. It extends~lablally and joins the
metaloph at the posterolabial area'of the tooth In early
wear, an enamel lake separates the’ posteroloph from the‘

metaloph but thls lake soon is obllterated 1n wear, and
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the posterlor 01hgulum becomes completely fused with the
_‘metaloph, Ml has three roots, one. llngual in p051t10n,
one;at~the:anterolablalrportlon oflthe tooth, and.one. at. -
the poSterolabialﬂportioh} Theclingual root is.broadzandr‘
hés,é sulcus dOWhjthe-midlineah‘l | |

- ',M‘ is- rectangular 1n occlusal outllne and comprlses
four<ma]or lophs (anteroloph protoloph .mesoloph and -
metaloph) The.anteroloph is narrow: and arlses from the
anterior arm of the protoconec There is no dlStlnCt
anteroconeo The anteroloph fuses wrth the protoloph at
the lablal margln of the tooth formlng an enamel lakee -
'Wlth wear the enamel lake becomes smaller and lnvsomerwornm'
speclmens; the anteroloph;completely‘quesaw1th:thefproto—
| lopheahd:there.isfno:enamel.lake¢ hThe?protoloph ariSes ;
fromrthefmedian portion of theiprotoconeeand.extendsih,
tranSVersely‘to the labial margih of;the tOoth The meso~
loph is developed from. the anterlor arm of the hypocone°
»It extends to the lablal margln of the tooth in 19 of 21
spec;men55 A dlstlnct mesostyle“ls-present.Ln 5-0f 12
‘specimens. The mesoloph joins anterlorly at the labial
margin of the tooth with  the protoloph and posterlorly
with the metalophcresultlng in an isolated enamel lake on
either'side of the mesoloph. The'metaloph'is directed
anterolablally from the posterlor arm.of the hypocone,

then it bends transversely toward the lablal margln of the
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~ tooth. The:posteroloph arises fromfthe poSterior arm of
the hypocone in- the same area where the netaloph dlverges°
It contlnues lablally, then jOlnS the metaloph at the lablal"
,_marg;n'ofhthegtooth, andtan-enamelﬂlakevls lsolated,betweenA
the metaloph and pOSteroloph. The'enamelflake disappears'
as the metaloph andﬁpo‘ste’roloph_fuse_'inwea_r'° There can
be.astmenytasrfoufvisolated enemelolakes in,earlier stages
of wear@h~The“enamel;lake[betweentpQSteroloph.and metaloph

| ie.the first to_diseppear'in'ﬁeat as those lophs fuse.

The anteriorhenamelglakefdisappears eswthe=protoloph'and‘
‘antetoloph fuse in wear.- ThefisolatedVehamel'lekes-anterior-
’anthOSteriorttO“the%mesolooh“persistf—aopatehtly*throughoutf
weart‘ M2 has two labial and two. llngual roots°

M3 has a rounded,. nearly c1rcular, occlusal outline. -

The'ocelusal'pattern is ba51callya51mllar,to that of MZ,
the main dlfference belng the reductlon of the hypocone in -
f_M3° The mesoloph does not connect w1th the posterlor arm
of the protocone in 1 of 9 spec1mensc~ In early wear, one.
anteroposterlorly elongate enamel lake forms in the lin~-
-gual»po;tlonvof the tooth and up to four transversely
elongate~ieolated’enamel lakesAdevelop‘ln the lab;al~porti0nh;t
of‘the tootho»’M; has one lingual‘ahd,two lahial'roots,
'.Mi, whenounWan, compttses five}lophids (enteroek

lophid,-metalophid, mesolophid, hypolophid, and postero-

’ lophid). The anterolophid is Well;deVeloped and joins the
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anterior arm'of"the protoconi&¢ - The metalophid arises-frOm-
rnear tne'base,of anterolophid, then extends. toward tne-
lingualumarﬁinlofjthe tooth where;itfjoins:theﬂanterolophidVA
'again;:rQSulting; in eariY'Wear;,infan}iéolated.enamel
-iake;"ln 1 of'10 specimens the metalophid dOes not arise .
from the anterolophld rather,‘itfis moreelike'a-labially-

- extended metaconld Wlth moderate ‘wear. the anterolophld
‘tand metalophld fuse completely 1nto a. 51ngle lophid.. Thea:
mesolophld.ls“short and»dlrected anterolingually from thev
',posteriori'arm of,the-protoconida.‘The:hypolophid arises.
'from;thexanterior armvof,the;hypoconidj andeextends trans= -
: versely across the tooth Witn moderaterwear~theimeso—v
lophld and hypolophld fuse, but an isolated enamel lake ‘
~apparently does not form between themc_ The posterolophld
les well developed and extends along the posterlor border
of the tooth.’ Because,of:the-fuslonwlnvwear,of the- antero—~e

.lophid.and metalo?hid“.anduthe mesoloonid~and hypolophid
{'the Ml may: exhlblt flve, four,.or three lophs, dependlng
';on wear. The ba51c pattern of Ml, however, is penta—
lophodontco Further wear‘results,ln‘the,llngual fusion of’
-lophs_and the develoPment-of*twonisolatednenamel iakes, one
Between»the métalbphid‘and:mesdlophid;’the other between
the posterolophld and hypolophld° My hasnone anterior.

1

root and one posterlor root.
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M2 is larger than Mi; but_has*essentially‘the same
- pattern, except that the anterolophld is weakly developed
onero, The: anterolophld Jjoins the anteriorxr arm. of the
'protoConld and,extendsltransversely, both lablally and
V-lingually,'but-doee not reach-the anterolingnalrlimit of“
'the toothl' The metalophld apparently jOlnS the antero— )
lophid at about the - longltudlnal mldllne of the tooth then
extends-l;ngually, The anterolophld ‘and metalophrd-fuse,:'
early_in_wear'With'a transient enamel lahe;forminglin'the
prooesst, The»meeolophid‘ls'variably developed bnt'always-
.present In moéf'épééimeﬁs;vthe mesolOPhidiis‘relatiVely
short and: fuses: with the. hypolophld,j In=6eoff24¥séeoimensf
A‘the mesolophld reaches the llngual margln of the: tooth and
remains dlstlnct lnto moderate or’ ‘late wearo} The' llngual
-1_portion of the- mesolophld fuses. w1th the hypolophld
forming an lsolated»enamel_lake between them in these six
Specimensh Due»to the poor dehelooment of the anterolophid,
M, apoears to»hanehfour lophe:infearly wear,'anddthree or
ifonr’lophSpin‘later Wear;"M2 apparently'has awbroad
transversehroot-at the anterior margin of the tooth and
' tWO poaterior roots. .

Mq tapers:posteriorlyg' It is longer than M but

2’
- has a'similar occlusal patterng*'The mesolophld lS varlably
ldeveloped as.in.Méc. ItfconneotS'w1th the>llngual portlon

‘of the hypolophld in. 8 of l4 spec1mens, resultlng in the-



formation of artransversely elongate enamel lake. The

hypolophid extends anteriorly along the lingual margin of
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’the~tooth;; The;lingual-portion-ofuthé#metalophid:extendsn

'posterlorly along the llngual margln of the tooth. toward
the - hypolophld M§ has two rootse.'The anterlor root
extends transversely across the tooth : The posterlor

root extends anterollngually along the lingual. side of

the toothq_r

Comparisonsq.lKanisamyé’sivalensis_is smaller than

'Rhizomyoides,cf; R, naqrii'from YGSP locality 182 (Figure.

110)1 Foﬁr_speciesvoquanisamys have'been”describedz

K. indicus; Wood,- 1937; g; sivalensis,‘WoOd} 1937; K.. -

. baimiani,.Langvahd-Layocat, 1968; and K. nagrii, Prasad,

1968. EQ_ihdiogsLandﬁgc:sivalehsis.are dietinguished

"mainly on'size»andlhypsodonty. The;samplerfrom‘YGSP

locality 182 is referred to K. sivalensis because reported

specimens of K. sivalensis compare favorably with the size

limits of the sampleo.’Kanisamys:bamiani‘is based on a-

single lower:Ml from.Afghanistan (Lang,andhﬂavocat, 1968)

which is similar in size to K. sivalensis¢' The small

sample (N=8) of~M1 from YGSP locallty 182 eXhlbltS a
rather large range of morphologlcal varlatlonn Whlle~no

le has exactly the same pattern seen in K bamlanl, 1t

is. reallstlc to assume that the morphology of the holotyper

of K. bam;anl is Wlthln the limits of‘morphologlcal
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variation expected in K. sivalensis. Therefore, I suggest

'that,gn bamiani is at least a nomen dnbium and likely

synonomousfwith'K sivalensis.

Kanlsamys nagrll was descrlbed by Prasad (1968),

-based on a 81ngle specimen- from Haritalyangar, Indla. The
‘uvery poor flgure and descrlptlonaln Prasad.(l968)teuggest
that the'holotyoe is in>arlaterstage ofﬂweareriThe:diag—
‘nosis and desoription of thiS'taxon are:Unquestionably~
lnadequate, partlcularly if- the spec1men is, in fact,vin

lateqweara Kanlsamys nagrll is certalnly a nomen dublum

Lang and Lavocat (1968) descrlbed a. new rhlzomyld

RhizOmysamlrzadl, from“Afghanlstan'based:on a:sxngle
right~M2 The occlusal pattern of - the tooth as lllustrated
by them (Lang ‘and Lavocat 1968 80, Flgure l)fdoeS«not

resemblevmodern Rhlzomys or fOSSll RhizomyoidesiMé» ‘Rather,

the M2 deSLgnated Rhlzomys mlrzadl by Lang and Lavocat
(1968) resembles some M2 of Kanlsamys 1n hav1ng a short .

: mesolophld.wh;ch fuses,ln_wear with the hypolophid to £orm
a threeflophedfpattern; - For this ;easong I suggest:that

Rhizomys mirzadi should be referred'to KanisdeS¢ The

'1ength (3 5 mm) of the holotype of K. mlrzadl 1s outSLde

the. observed range of- length of M, ln:ﬁa.51va1en31e_from

"YGSP.looallty 182,'

. Discussion. ~The sample of Kanisamys sivalensis

from YGSP'locality.lSZ ie theafirst adequate~sample of this
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‘genus yet'reportedop It provides data on individual varia-
'tion‘in‘the.occlusal,pattern and allows statistical estima-

,tion-of SQme»size parametersifor‘the.species»K sivalensis...

Characters utlllzed by - prev1ous authors ‘can be evaluated
in the: llght of this larger sample°

Wood (1937) con51dered one of the. major generlc
characters of-Kanlsamys to. be the lack of a mesolophid,
but presence of aipseudOmesolophid forméd”from_the poSterior
- arm ofdthe protoconid;t ThlS 1s an unnecessary and probably
mlsleadlng crlterlon because, so far as. I can dlscern, there‘
is no baSlC dlfference between a mesolophld -and pseudo—
| mesolophld;, ThlS lS supported by ‘Hooper!s: (1957) observa—
tlon that the mesolophld is a variable structure,‘at least -
in crlcetlds, w1th respect to its point’ of orlglna Addl-
’ ,tionally,'the_mesolOphid,arising from the posterior arm

- of the protoéonidiin Kanisamysumakesvit-hofdifferent‘in

hasic respects'fromfthedﬁesolophid arising froﬁ a mure in
cricetids; AInbthehlatter’case, the'murezis.an extensioh
of the posterior arm»of.the protoconid.. o

Blackd(1972) considered the lowerrﬁolars of Kanisamys
to bejbaslcally;fourelOphed, In order for~theﬂloWer molars
© to be cOnsidered4tour-lophed,ythe anterolophid'andtmeta—
Alophid must bevcohsidered one. This is siﬁply not the case;
While it is: correct that the anterolophld and metalophld

fuse in early wear, when unworn they are’ dlstlnct and
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separate. Thls lndlcates that the basrc dental pattern of
Kanlsamys lower molars 1s pentalophodont

Black (1972). aLSO_. considered. tha.t; the ~b1ioc'al_-,amn»
g and M3 of-

Kanisamys siValensis, and'included this:oharaCter_in

of the anterior“cingulum'was-abseht on M

the emended dlagnOSlS of. the spec1esa HOWever, on'at least*A

some MZ and M3 ofﬁgo s1valen51s there lS a buccal arm of

the anterior cingulum, albelt small whlch is obllterated
with wear. Black'Was:correct in recognlzlng‘that the buccal"
extension offthe anterior cingulum is more:pronounced in

K. 1ndlcus than K sivalensis,'

Black (1972) suggested -that: Protachyoryctes tatroti .

Was derlved-from Kan;samys'slvalen31s,r.Morphologlcal

‘changes in the dentition in the'evolutithO£:Protaghyoryotes

,from Kan§§amys4inVClve»increaseuin[siZe'andthPSOdonty and
the fusion of anterolophid with the‘metalophid~and,the
) mesolophid'with_theghypolophid to yield a three=lophed

pattern. To my-khowledgeh_Protachyoryctesrtatroti is

known only from the holotype; therefore,.Variation in
the fusion of mesolophid and hypoloPhid in this taxon
cannot be observed' However, the mesolophld and hypo-

lophld are - fused in some spec1mens of Kanlsamys from YGSP

. locallty l82.'AThe-var1able-development andmquLOn of the

mesolophid in K. sivalensis_supports_a oloselphylogenetic
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.relatlonshlp between Protachyoryctes and Kanlsamys,‘as

suggested by Black (1972)

Kanlsamys 51valen31s from YGSP.- locallty 182 is.

thenonly Slwallk rhizomyld represented_by the entire molar
"sefiesnl Most. rhyiéomyid-specimens~collected'by surface

7collect1ng have been lower jaws° It is particularly;sig—.

nificant, therefore,_that the upper molars of K. sivalensis

'are_known@

. Rhiébmyidae_Indetefminate:»

Referred Material., YGSP 8088, right M2 (Figure 11).

| 'Stratigfaphic'aﬁd Geodraphic,gange& Chinji Foxmaj
 t1on, YGSP locallty 41, Pak:.stano | “

Agea Mlddle Mlocene, Chlnjl zone of Pllgrlm,; 

: probably Astarac1an equlvalento- |

Descr:.pt:.on° YGSP»8088, a right M%'is well worn

~and sllghtly corroded,'rlﬁ is slightly wider'thanflong
(length = 2.47 mm(rwidth = 2,57 mﬁ). Three transverse

- lophs are presenﬁe The mesoloph is narrow but distinct to
theelabial mafgin of7the tooth. It is separated from the
_protoioph by aAnarrowrenamel’Vailey, and from the ﬁetaloph
>by-a somewhat widerfvelleﬁm Thevprotoioph.is-broed and
_probably-inclﬁdes an'enterbloph thch'maytheveebeen”more
of lessvdistinCt-in'lesserzstages of‘wea:, If-there was‘

a posteroloph, it has fused in wear with’the'metaloph.
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. The protocone is separated fromﬂthe_hypécone by a narrow
- transverse valley.' There were apparently four roots, two .

labial and two lingual in'position.

Discussion.. Two taxa: of rhizomyids have. been.

reported frdm'the”Chinji zone of Pilgrim. They are

Rhizomyoidgézpunjabiensis and Kanisamys-indicus. Both of
these taxavare known_only from.a few lower jaws. No upper.

molarSvhavézbeen reported. 'On'the basis-of'size, YGSPl

- 8088 is-more similar to Rhizomyoides punjabiensis.  However,
-~ because of the stage.of wear of the'specimen'and-the poor
representation of Chinji rhizomyids it cannot be further

idéntifieds.»



CONCLUSIONS CONCERNING THE RHIZOMYIDAE

. The Rhizemyidae comprise three-modern genera.

Tachyoryctes occurs in Africa while Rhizomys and Cannomys

today live’mainlyvin southeaét_ASia (Walkerveh al., 1975).
Rhiﬁomyids~ao'no£ occur in-Pakistan'today (see Roberts,.
l977), although they oceur: to. the: east. ‘in Nepal The o
Rhlzomyldae.are conSLdered closely related to the Crlcetldae
(e, gg; Mlller and- Gldley, l918), but such a relatlonshlp
V'has:not beenﬂfully documented, .Althouqh~1t 1svgenerally
assumedfthat rhizomyids?eVolved;fromfcricetidéq,fhiSw
certainlYicanhot beﬁdemohstrated,at this time.

Ihe foseil.record of'rhizemyids;is sparse. .The
eafliestfoccurrence~hfhthe family is from. the Oligocene .
.foChiha (Bohlih;_l§37fg-.Scattered recerdsAare*found
- throughout the Tertiaryhand,Pleistecehe-of China and
Mongoliaj(see; for inetance, Teilhafd:and Youhg, 1931;
Matthew,andyGranger, 1923; Kowalski, 1968, 1974)?_ Rhizomyids:

are not ‘presently hnown'from the Tertiahy of Africa.
| Most of our knowledge concerning the evolution of
'the Rhlzomyldae derlves from the Slwallk spec1mens rev1ewed
by Black (1972) He included all Slwallk spec1es prev1ously"a

'referred to the genus Rhlzomys in the genus Rhlzomy01des°

Black (1972) recognlzed two evolutlonary lineages in Slwalik{'

‘ 56_._- .



I -V 2
,rhlzomylds.; On. the basrs of tooth morphology and jaw
structure, he . suggested that Kanlsamys ultlmately gave -

rise to- Tachyoryctes through Protachyoryctesa He also '

suggested that Rhlzomy01des was-ancestral to Rhlzomys.

Both‘of these~suggestlons are probable, although documenta— f

| tion'isginadequate, particularly in thefKahisamysﬁr

Protachyoryctes—TaCh?ochtes‘lineage;5

5 | Surface collections madefslnce'thehpublicétion of'A
rBlack‘s ?aper ha?e included a few-more-rhizoind speci;
mens, mainly.lower:jaw,fragmeuts}kbutralsofSome SKulls; -
orfskull'fragmehts;‘ Additionally; there isia~small un=.
déscfibéd"cOllectioﬂtofféiuaLiK*rodentsy ihcludihgﬂsome5
rhizoinds,'inﬁthe_AmericauvMuseum.of*Naturalinstoryc

None of these-specimens are“describednhereihVbecause this .
study deals. w1th only the’ results of screenlng spec1flc
’localltles,- However, the undescrlbed spec1mens have been‘
‘examlned and taken 1nto account in the analy51s of the -
isolated teeth obtained by screening. The major contrlbu—
tlon to the knowledge of;rhlzomylds 1nrthisQWOrkvis*the
description of variation in dental morohology andvstatisticali

estlmatlon of s12e parameters in Kanlsamys srvalen51s from

a s1ngle localltya- Thls*sampleww1llwserve as a ba81s for
comparlson of lsolated spe01mens,’and thus, serve as the

_foundatlon for an ant1c1pated rev1ew of rhlzomylds based
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Geolbgical'Survey of PékiStaﬁ'projectsq
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FAMILY MURIDAE-

The Muridae Aréfa large:and diverse group of rodents.
'Struetnraliy.they;are simrlar to cricetids;_and,;therefore,
some authors have advocated including cridetids in the
':Murldae as a subfamlly,> HoweVery‘tne murids have had‘-a

Junlque evolutlonary history 1nvolv1ng a major pattern of.

B dlversa.flcatlon° Patterns of evolutlon srmllar to that of

R murlds are not seen 1n many other groups attrlbuted famlly

'.ranka, Indeed there is’ no reason why evolutlonary patterns.
shoﬂld'beethegsameqln'hrgherftaxa (seerSmeson,.lBSS),
,Thedsiénificant pbiﬁt to Ee-made is:that'the‘muride-haVéf,'
' undergone a. major radlatlon, not 1nvolv1ng crlcetlds, |

and the magnltude of that radlatlon is best - compared at

the;famlly;level.

Dental Terminology of-the Muridae

Mnridrgenera, both foseil.and'living, can almost .
alwaye:be identified Onrthetbasislof‘molar struoture |
(Misonne, :1969; Lavocat;'1962);land pnylogenetic interpge-
tationsuhare’beenrbased uponjmolar morpholOgy (e;g,, |
Michaux,..1971). ItriSq.therefore,wsnrprising and:anomalous:'
that]the Mdridae,:moresso thanfany other family of mammals,

_haVe_had{no_consistentfterminology applied to the-topographicw

59
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'parts ofﬂthe teeth; Cope-OSbOrnhcusp termihology has not
hgeherally;hnor.in-ahy.consistentamahner,.been aépliedztoi
murldrteethl the-upper molars-lnfparticular,; This. has been .
'malnly due to the - reluctance of students of murld evolutlon
to stand by their lnterpretatlons of'cusp' homologles in
murld upper teeth with those of other mammals (e. g,,
Thaler, 1966), and the lack of . structurally Lntermedlate_
'formsroetween murrdsvand_therr ancestors, the crlcetlds,<

. The upper-molars.Of murids-(Figure 12;:see»also-

Table 3 for synonyms of terms applled here),consist of

-,transverse rows (hereafter referred to as. chevrons and

'numberedafrommanter;or~to:posterlor;_erg,, theaanterlora

cheyron;ou_Mlhisythejfirst chevron)'comprisrhg;three,;-

tubercles:in the first ahd:second CheVrons.éf Ml; 'Thé“v
.third chevron of M;lin known early fOrms_(and many 1ater
'forms)thas only tﬁo'tubercles; -ln order'to discuss'the
rupper teeth Mlller (1912) dev1sed a scheme ln whlch each'

- tubercle from llngual to lablal 51de is desmgnated by
4number*(e gt, the cusps on therflrst cheern arevtl,vté,

23, ‘on . the. second chevron, they are t4,‘ 5, tf); ‘This |

: scheme has been varlously altered but generally applled

' by most authors° .. V

| The_lOWer'molarsrof-murldssexhihit rather straight-

'-forWardhmodificatibns=offthe characteriStic cridetid»plahr

Therefore;’there is eSSentially no ‘problem in. inferring



| KI>E<BE

LE>?]] =>

2l <= | KI>EBHBK>

LEBJBHBK>

LI El HBK>

\>J| HBK>

[] LBHBK>
LB?J>EBE  HKik-k\

Y8H7>: NvI 1: @=D ?: >AB@D6HS 6E A7>8,;
8@ ?B89 97?7; 5l

yN

LESHKTk-k\

=xKikl = | KI>EBHBK>
>KJ>EBHBKK=>

| KI>EB?J] =>

>KJ>EB?J] =>

LB?J>EB?]] =>

7QQ > A6D=> 79:;



62 .

( _ , _
Table 3. Descrlptlve termlnology of murid molars adopted :
‘in this. study and. ma]or synonyms.~

Termlnology in.

Lingual. Anterocone

Labial anterocone

Enterostyié‘

- Protocone

thlS Study ' Synonyms
UPPER MOLARS
Precingulum = none -
.Pféstyle,u cinguiaf”coﬂule (Misohne,fl969)
' anteromedlan style (Schram.and
Turnbull, 1970)
_c1ngular cusp (Pasquler, 1974)
Anterostyle t; (Millexr, 1912)
R  epicone (Vandebroek, 1966)
anterclingual conule (Schram and
. Turnbull, 1970) ,
_protostyle (Reig, 1977X
Entéroconule  (Petter, 1966)

t blS (Misonne,- 1969)

1

£y (Miller, 1912)

anterolabial conule (Schram and. -
Turnbull, 1970) '

anterocone (Wood and: Wllson, 1936)

‘anterolingual conule (Reig, 1977)

t3 (Miller, 1912) ‘
"mesiostyle (Vandebroek 1966)

anterolabial style (Schram and -
~Turnbull,.1970)

anterocone (Wood and Wilson,: 1936)

anterolabial conule (Relg, 1977)

ty (Mlller, 1912)

- endocone - (Vandebroek, 1966)

protocone- (Schram and Turnbull, 1970)_
enterostyle (Reig, l977)

tg (Miller, 1912) _
‘paracone (Schram and Turnbull 1970)

protocone (Reig, 1977) -
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..Déscriptive,termiﬁologyavrj

- Terminology in. .

Posterior cingulum.

'LOWER MOLARS

Protoconid

: Hypoconid~

thisg study = - SYnonymé.i.vii"
R Paracone :ts-(Mlller, 1912)
' - o eocone {Vandebroek, 1966)
"mesostyle (schram and Turnbull, 1970):
' paracone (Reig,; 1977)
. Posterostyle (Mlller, 1912)
S ;dlsto—endocone (Vandebroek 1966)
enterostyle (Schram and Turnbull
1970) .~ :
; Hypocone ' tg_(Miller,Al9l2) o
s S '+ hypocone: (Reig, 1977}
Metacone: tg (Miller, 1912)-

. distocone  (Vandebroek, 1966)

tg! (Heim de Balsac and Aellen, 19657?'

,metacone (Relg, 1977)

" posteroexternal loop (Mlller, 1912)
teloloph or dlstostyle (Vandebroek,

1966)
(Lavocat 1962)

‘tlg {Thaler, 1966)

tg (Heim de Balsac and Aellen, 1965)

posterior cingulum (Z) (Misonne,
1969)

posterlor cingulum or. posteroloph
(Wood and Wilson, 1936)

posteroloph. (Reig, 1977)

‘eoconid. (Vandebroek, 1966)

t C (Michaux, 1971) -
protoconld (Reig, 1977)

‘Iteloconwd (Vandebroek 1966)

t A (Michaux, 1971) -
hypoconid (Reig, 1977)
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'DescriptiVejtermihology;

Terminology. in.

'thiS'Stﬁdy  Synonyms . -
 Metaconid. . epicbnid?(VandebrOek;,lgﬁé)
L ' t D (Michaux, 1971)
metaconld (Relg, 1977)
Entoconid - endoconld (Vandebroek 1966)

Labial anteroconid -

“ fMedial*ant§;Qconidg

Lingual'Antgroconid

Posterior Cingulum -

£ B (Michaux,. 1971) .

entoconld (Relg, 1977)

-vestlbular cuspld (Vandebroek 1966)

£ B (Michaux,. 1971)

labial cone (Misonne, 1969)

labial anteroconid (James and
‘Slaughter, 1974) A

antero—lablal cusp (van de* Weerd
1976)

_anterolablal conulld (Relg, 1977)

t,mas(Michaux, 1971) ,
mesial cone (Misonne, 1969)

"medial anteroconid: (James and

Slaughter, 1974)
antero—central cusp (van de Weerd,
1976) : : , :

. llngual ‘cuspid (Vandebroek 1966)

t-F (Michaux, 1971)

lingual: cone- (Misonne, 1969)

lingual anteroconid (James and
Slaughter, 1974) ,

antero-lingual cusp (van de Weerd
1976)

‘anterollngual conul;d (Relg, 1977)

dlstostylld:(Vandebroek, 1966)-

. postérior: cingulum: (Michaux, 1971)

talonid (2) (Misonne, .1969)
terminal heel (James and
Slaughter, 1974) ’ '

vposterolophld (Schram and Turnbull

o 1970)
7 (Jaeger, 1976)
posterostylld (Relg, 1977)



4 Tablé“3,;codEinue@g,

Desd;iptive_terminology‘

Termlnology ln-
thlS Study ﬁg o

.SynOnymsA~ ‘

,c1, c,2 , etc.

, Medivgl, mure .

- Anterior mure

véstibular cingular Cﬁspids
(Vandebroek, 1966)

'Cl, C2, etc.  (Michaux, 1971)

CLngular conules - (Misonne, 1969)

acecessory cuspule (James and

Slaughter, 1974)

posterior accessory cuspule,- acces~
‘SOry cusps on lablal_clngulum
"(van de Weerd, 1976)

. eocrista (Vandebraek, 1966)

longitudinal  spur (van.de Weerd,
1976).
medlan murld (Relgy 1977)

eocrista (Vandebroek, 1966)
anterior muxld_(Relg, 1977)
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the cusp homologles between lower molars of crlcetlds and

., murids. Some autnors have- applied. standard Cope—Osborn

cusp termlnology,.others have not (see Table 3. The mosttd
serious- dlscrepancy in the termlnology of - murld lower molars
is the application;of-Vandebroek“S"(1966) system, This
system of.terminoiogy utiiizeS1an;obscure wocabulary, and |
inoorporateS'nonefof,thedolassicalnCopefGSbornVterminolOgy‘
which haS-long:been an adequateLStandard,‘despite'its- |
,imperfections, -Misonne‘s:(i969) infiuential review of the
»_Murldae utlllzed Vandebroek's system; however, Misonne did-
not: synonymize the Vandebroek nomenclature- w1th the " Cope-'
‘:OSborn'nomenclature‘in-the same. Way-that’Vandebroek'did‘l':"
Vandebroek flrst presented hlS termlnology in 1961.
 He 1ntended that 1t be: applled to all mammals, and that it -
‘replace the Copeaosborn'systema. Vandebroek‘Srsystem 51mplyf»’
has not been aooepted:by the.overwhelming najority,of

B vertebrate‘paleontologists,_and.it;has not been applied by

.1, Misonne (1969:68), using the terminology of.

". Vandebroek (1966) states,-"z was  rather narrow, connected

by a short crest to the central- -distal part of Td, in fact
by the remains of the old eocrista." On page 38, Misonne
indicates that "2"™ is the:abbreviation for talonld “which-
equals hypoconulid in Cope-Osborn terminology. He also”
indicates that "Td" is the abbreviation for ‘teloconid,
which, according to him, equals. the entoconid of. Cope—
,Osborn termlnology° Vandebroek (1966 126), however, -

"~ considers- the teloconid to equal the hypoconld This
-certainly is the case, as indicated by the: lingually-

- directed posterior ¢ingulum connected. to the hypoconid in
crlcetld_lower molars. This ‘confusion is apparently the -
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Vertebrate paleontologlsts in any general way, It cer-
talnly has not replaced Cope Osborn termlnology, nor 1s'
’ there-any.lndlcatlon that it w1ll however; some authors
'apply Vandebroek termlnology to the lower. molars of- murlds.a,
VThe result is the lndefen31ble p051tlon'of upper tooth'
cusps de51gnated by most students of murld evolutlon by
‘number follow1ng Miller's system, and lower tooth cusps
de51gnated (by some) ln Vandebroek termlnologyo, Nelther_'

- of these systems is generally applled to other famllles of
mammals.

| ' MichauxM(l97l)'furthertcomplicated~the;terminoloéy
_,of.murld lower: molars by dev1srng a system’ of letterlng

.cuspsa‘ To my knowledge he has been followed in thlS only

o by Pasquler (1974)

Jacobs (l977 'and ih.a later.sectiOn.or;this studyl
tohaS’documehted,-w;th reasonableWCertaihty,‘thelhomology of.
:the majorrcusps'in.the upper'molars of murids with those
‘ofiCriCetidsr If the homology is accepted then Cope—.
Osborn termlnology should be applled to. upper molars of

' murlds, at-least to- the major-cusps° It lslunclear to me -
why Cope—Osborn termlnology has not been unlversally

. applled to murid lower-molars; lt obvrously should be°

result of an. overs1ght by Mlsonne° I p01nt thls out not
" to be pedantic, but to 1llustrate the confu51on surrounding -
* the murid dentltlon.-
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Reigu(l977)'has prOposed‘annnified:noﬁenolature;for~thef-.
cheek: teeth of’crioetidso~_Reigfs,proposal is'entirely
consistentiwithﬂCopee@sbornﬁterminologya In this: study,
I.optato follow:Reigf5>proposal, so far:as poSsible; bnt_
modify’it touapplyrto'thegMuridaea. | |
- It has" been necessary to devise new names for
_:structures whlch are-. unlque to murids. The dental-ter—
mlnology,l propose and follow hereln can»be applied to all
mnridso It iszflexible enough that, where needed addi-
tlonal terms can be added to suit spe01flc problems. "This
system has the advantage of belng con51stent w1th Cope—
Osborn termlnology, and;. therefore, belng famlllar to
vertebrate paleontologlsts,:anatomlsts and mammaloglsts,.
rather than to a select group of murld "spe01allsts" only°
AThe termlnology,used_hereln-ls Lllustrated 1n,Elgures 12
and‘lBQ' Table,3 présents'thefvarions;synonyms of the ter- _"
7 mlnology proposed hereo. This tabnlation:is not'exhaustive,
and 1t does not lnclude every author thatfuses'avsynonym
in any.spec1f1c-way. It does list the major'synonyms'of
the terminoloéy'here presentedland an.example_of a majbr
work using a;partioular synOnym,
' The:HSe_of’Cope—Ostrn terminology reflects the

Ahomology of the major.cusps in theéMuridae (see'Jacobs, _

-4ll§77 and the' Orlgln of the Murldae section of thls study)q

. Unfortunately, the use of. addltlonal terms for murlds as
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they are;used'in Reid’s,proposalﬁfor-orioetidsgimplies
vhomology-which probably does notsexist;;or,’at besty}has
not beenyoonclusiyely,demonstratedﬁ(egg}, e@ﬁérDStYleJ»
Additionally, somesstructures giyentthe,same‘hame in7murid ‘
dentltlons may not be: homologous throughout the Murldaeh;‘r
'Thls is probable for the posterostyle, and the C cusps
(wrth the>pos51ble exceptlon of Cl) 1n-lower.molars, Such
'problems related to homology are inherent in any w1eldy

nomenclatorlal framework - I judge the system here proposed

' 'as a sultable compromlseo

The small thlrd molars ln some Murldae present..
A_speCLal dlfflcultles in- determlnlng homology of major: cusps: |
'w1th those in the Crlcetldaeu- Small M3 in the Murldae are
'apparently the result of the dlmlnutlon in size -of the
hypocone, loss of the metacone, anterollngual dlsplacement
of enterostyle and hypocone, and fusion of the enterostyle,
protooone, and,paracone'lnto_a;chevron;w1th“more or_less-

indistiﬁdt:cusps@‘ It is'not.known at_what stage in the

, 1. Although I recognize there are probably some
structures which might not be homologous throughout the
Muridae, I cannot. ‘agree with de Bruljn, Dawson and Mein
(1970) who state, "one can easily imagine an Apodemus pat-
- tern [this implies-the presence of a posterostyle] formed-
- By the gradual movement -of tj [= anterostyle] and tg4.

[= enterostyle] to posterlor accompanied by the enlargement-v--

of tj bis [= enteroconulel. - The consequence -would be that

ther lingual cusps are not homologous in all species." There' -

- is no evidence. to support this notion,, and the consistent
. pattern of connections between llngual and medial cusps -
dlrectly refutes it. - :
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evolution of murids these changeevoocurredn 'Ih some forms
‘the posteriorbcusp‘of Ms,is divided poeteriorly by a furrow;:
I refer to therlihgualﬁportion,as the hypocone ‘and. the
'labiai portion:aeethe metacone; ‘Thisris.simply a matter of
7 convenienceo The presehoe-of_two postetior"oosps in eome
Muridaedﬁay'he‘éitheroﬁfiﬁitivé:of derived. Present evi-
dence, such as it is, suggests that it is detived beoauee
theamost likelyvﬁurid.anoestot,of those forms,that_do>haVe
two posterior cusps, have two.cusps-present.only}as a
varlable charactero. Addltlonally, the most llkely crlcetld t‘
Vancestors of the murlds, the Crlcetodontlnae, do not have
a:well . developed metacone on- M - (see: Fahlbusch 1964)..
Thus, the metacone on’ Mi~as applled in- thls study may not-
'be truly homologous w1th the metacone.on M3 1n other'
mammalswl |

The M; of some muridsAhave‘a emall,posterolabial
| - cusp. Ifrefer'to:thisjousp as;Clneevafmetter of convenience. -
AlthOugh“it is'poesiblyvavhypoconid referring to it as cl
-is apparently more. con81stent w1th the: morphology of the
murid Ml~and-M25 Crlcetodontlnes do not have an entoconld»
'on-MBl(see Fahlhusch,,;964); lt 1s,-therefore,tllkely that
the'largevposterior,cuep on.the-Muridng is. the hypoconid
ratherrthan the‘entoconid and’ the small posterolabial cusp,

is.the-cl, altnough thlS cannot be demonstrated°
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It’may7appear; at fifsf ‘inconsistent that'I~reject
Miller's (1912) descrlptlve numberlng of cusps, yet. I
1f,1nd1cate the. pOSltlon of c1ngular cusps on . lower molars by
numbéer. However, Mlller (l912) applled his numberlng system'
_ Vto prlmary cusps on upper molars which, except fgr t7; .
(= poSterostyle),'can-be_recognized,asﬁhomoloéousisfructures'
Ehrouguoutothe'Muridae;_ The cusps onithe labial—cingulum_t |
‘in'loWertmolars,are quite:variablec' They are:uot consiStenu'l'
-lln pos1tlon or number. between,and often w1thln, species,
~and they are not recognlzably homologous (w1th the p0551ble
exceptlon.oflCl) throughout,the Murldaem Because~of,the1r
Vvariability;iﬁghumber;and'position; iﬁ»is:uSeful;andﬁapf.»

rpropriate to indicate'their:presence~orﬂab5ence.at par-

:thcular loci by number.

Many genera of murids are characterlzed by the
.longitudlnal connectlon of chevrons ln upper-molars° ThlS
character was referred to as stephanodonty by Schaub

(1938) and is epltomlzed'py the genus;Stephanomys° In

,,Stephanomys the.transverse'cheVrons are'joined,by cen~
nections between thevprotoconelandmanterostyle; protocone
,and.labial;anterocone,lparacone and metacone;;and entero-
StYle'ahd hypocone; "Stephanoaoutyﬂhasﬂappareutlyf
evolved in more;than_oue murid lineage (Michaux, 19717

. Jaeger, 1976) .
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The dental'terminoiogyjfor the MuridaeiprOPOSed
here 1is consistentrin major aspectsAWithtterminolOgy_in
common;usage;for;other;mammalss,'it»reﬁlects,thesmeﬁor;
‘homology.of:cﬁsps;between muridstend”crioetids,jand:within'
tne‘Muridaeé, It is appllcable to all murlds and easily
augﬁented by addltlonal,termsslf; and when, needed. _ihereq,
is;agreement between thenterminologY:appliedrto upper and
lerr'teeth-; Thefnew terms.introduced here arernnemonic
w1th respect to descrlptlve terms in wide use in vertebrate
paleontologyet Tnere are, ln short, practlcal and historical
reasons for adoptlng the termlnology proposed here° VThe4
contlnued use. of" the Mlller (1912) number system for upper
molars, comblned w1th Vandebroek (1961) termlnology, Cope—
'Osborn termlnology, or - the letterlng system Of Mlchaux
(1971) for lower molars,-lnymyroplnlon,,cannot be just1—

fied.



SUBFAMILY MURINARE

Antemus

 Type-species. Antemus chinjiensis.

Included Species. Antemus chinjiensis.

 Stratigraphic and Geographic Range. YGSP locality

.41L tYpe:Chinji'Formation,«Pqnjab,-Pakistan;-pbssibly from»f-
'6thér iocalities of about the'samé*age-in the.Punjab-(Munthe!
University of California, Berkeley, oral,gbmmuniéatiénfi
1977) .. | B o |

F: §g§gvbMiddle,Miocené?bChinjiﬁzoneyoffPildrimﬁ
Aéta:acian equiyalent; f . -
| '  Etymol§§y,'.F£Qm égggf; a prefix ﬁééning béfOfe'iﬁ-
tiﬁe,'énd mus (Laih, mésculine); | | |

- Diagnosis.  Murid,rodent'with enterosty1e‘iéélated'H
from:linguél.anterodénéfbn Miland‘Mg} no anterostyle on M%}?.
"~ paracone and’metaCOne‘weli separated; énterostyie ﬁdt'~ |
'jbined-tdvhyPodOne;,valley'betweeﬂ-anterostyle and entero-
. style shallow,:similar*in.depth to the valley between-

_ enterostyle and hypocone; labial cingulum on Mz weak.

- Antemus chinjiensis

Holotype;: YGSP 7649, right Mi.
Hypodigm. - (All YGSP numbers) 7649, 7650, right M;
:7651; right M£§.7652”right M§fiTable;4;_Figﬁréfl4);

74"



- Table 4.

.Measurements of Antemus chlnjlensa_s from. YGSP
locallty 41 . :

75

—— e

Number o

Width

7649
7650
7651

7652

M= 1.90

-:Séecimgn,' - )  Length 4' -

1.20

1,15

1.10

- 1.05
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Stratlgraphlc and Ceographlc Rangeo YGSP lbcality
41, type Chlnjl Formatlon, Punjab Paklstan°> . -
éggy Mlddle Mlocene, Chlnjl zone of-Pllgrlm,
Astaracman.eéulvalent 4 | |
Etymology,f For Chlnjl, plus —-ensis (Latln) a
sufflx denotlng place° ' o
D;agnosls, eSame-asffor genus..
DeSCriptisn;,;Antemus'isjknqwn ﬁrom,four_iselated.f__

| cheek teeth (2u'; 1M%, 1M ,), all from the same locality.

»The cheek teeth are- brachydont with- rounded and dlstlnct
_cuspsu, The! cusps slant sllghtly posterlorly on: Ml 2
anteriorly on M2 ‘I'hetwo-'Ml ‘are in” sllghtly dlfferent
stages of wear, but eXhlblt the same occlusal pattern, and -
.“Obvrpusly belong +to" the same»taxong»‘The Mz«hasﬂan»qcclusalf
pattern. identical in basic respeetslto»thatfof‘le except
that~the-anteriortportioneef Mt (lingualaanterosone in

this Case)rhaslno homolog.on~M2;. Tnis_is.thefusual,condie B
tlonlln mur01d rodentso; The M2AisAreferred'tolAntemus:

_ because lt has a murine, pattern and is. sllqhtly narrower

than4M2~ The‘wldth;of M2

(GSP 756l) rélative to_w1dth of
M, (GSE: 7562) 1is simil’ar,t‘o': the ratio of the width of

second molars in individual‘specieS»of Progonomys (see. -

measurements. in Mighauxr197l:and;van,de’Weerdy 1976l,

Muroid rodents associated>with-Antemus at_thislloeality are:

the cricetids Megacricetodon sp. and.CbpenYSe(Democricethdn)_
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SpP- The dentltlons of these taxa are well known and quite e,
‘dlstlnct from Antemus° | | R

M‘-L ‘exhibits" the ba51c murlne pattern of three
transverse chevronsn- The,flrst chevron 1s formed by three
connectedFCuSps (anterostyle, llngual and lablal antero-
Vcones)g The second chevron lncludes three cusps (entero~
vstyle,-protocone, paracone)~ The . thlrd chevron ‘has only
two cusps: (hypocone and metacone) There-ls.no~trace,of<
posterostyleﬂ A narrow posteroloph extends lablally from
hypocone, ‘The anterostyle is. posterlor to’ llngual and
»lablal anterocone3°-the anterostyle is well developed but
small. in-rélation to the~ lingual . anterocone;. A thin,
lestlnct rldge 301ns the anterlor margln of the anterostyle"'
to the. posterollngual margln of the llngual anterocone.
The lingual- anterocone is the largest cusp in the flrst
chevron~and ls.abont.eqnal 1n:slze to:the_protocone and-
hYpocone;uit_is'joined’to]the lablal;anteroconeiby az
posterior’cresto The;labial‘anterocone is.aboutlthe'size
offtheanterostyl’ea 'ThedenterQStyle'is fairly large,
rounded,’and J'.‘S‘o"'la-t'ed° It is slightly posterior;to'the
protocone at the llngual edge of the. valley separatlng the
second from the thlrd chevron, but is more closely as-
soc;ated.wrth the_secondlchevron.than the third. . Thehv
enterostyle is-separated.from7the-anterostyle and.hypoconeld'

" by shallow valleys. The protocone is the largest cusp{in
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the.second'cheVron;'itdis joined to the naracone'oniyrby 5"
,;posterior crest.(rather,than by anterior‘and:posteriorr |
-'crests as;-in some crlcetlds)od The paracone is: smaller
»than the enterostyleo The hypocone and metacone connect
poesteriorly, and the hypocone.ls_larger,than the metacone. -
- The posterior:cinculum'is4rid§eeiike}_becomingvbroader*with'f
wear, and extends from the posterolablal margln of the
‘hypocone to a- pomnt behlnd and sllghtly lablal to the mid- ;;d
~ line. of the metaconeoz A_mlnute prestyle is located at the ;‘
Zbase of ]uncture between the llngual and lablal anterocones -
at the;anterlor:edge;of thertoothq. There»are*no-other"'
';accessorygcusgsr Stylesﬁ{or:lgphsgﬁafnreeﬁroots%areépresentﬁa'
on Ml;f: | | o | ”

Mg has four,basicﬁcusﬁsg&protocone,‘paraconeQ,
_hypocone; metacOneJ~forming~tWo rather'poorlf»defined'

cheVronso; The ‘protocone and paracone are weakly connected

"sllghtly posterlor to thelr transverse mldllne and ‘form the o

anterlor chevron. The hypocone and metacone are 51mllarly fl
weakly connected and form the posterlor chevronov:The
1posterlor CLngulum extends labially from the hypocone.
There- is,no anterostyle° lnstead there is .4 .prominent
cingulum whlch-extends:posterrorly'from the anterolingual
corner-to the.middie of the lingual marginvof-the'tootho
ﬁ’There itfjoinsqajweli:deVeioped,enterostyle’which'is;situ—

ated at the lingual'side'of'thewtranSVerse valley between
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 the chevronsv The‘enterostYle is‘isolated from either
.chevroh; ‘The labial anterocone 1s small and is located
c7at the anterolablal corner of the tooth. ‘ There is no-
”trace of llngual anterocone, posterostyle, or other.ac-v

.,cessory-cusps,“styles_or_lophs@t_The roots are,hot preseryed7
" on this specimeh; 7 . | | |

-A'Sihgle,fslightlchorroded,_ﬁz (Figure“l4)lof'
T'Antemusﬁis hnowno,-It'coﬁprises-fotr.maih cospsl(proto-
Tvconld metaconld hypoconld and entoconid) The labial

':ycusps are placed sllghtly posterlor relatlve to the llngual 5
g“cuspso_ Protoconld.and metaconlduare weakly.connected;

. anterlorly, as are’ thes hypoconld and " entoconld The, :
~posterlor c1ngulum is transversely compressed and extends
':alongythe;posterlor margin of‘the;tooth betWeen’the~hypo—'

conid and entoconido Therlabial'anteroconid‘is_low, but

*fwell.deQelopedi»onithe}antéribr cingulum;. The labial |
.c1ngulum is. weak and 1ndlst1nctn .

_Comparlsons? The presence of. three cusps in. the

‘firStfand second‘cheyrons-of Ml-WLth anterostyle lnvolved
vin,the;first'Chevron’and enterostyle associatedkwith,thef
.second“chevroh=indicate the murid affihity‘of'Antemusm

- Antemusfdiffers from.ail other known Tertiary‘murids in.

vhaVingrnoAanterostyle on.M'2 Antemus reSembles.ProgOnOmys

Arln belng brachydont w1th distinct but Weakly connected

- cusps. These are apparently prlmlthe characters whlch are

\
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mddified»infmere-derived‘forms;; Antemue-is further dis=

tlnct from Progonomys in hav1ng a much weaker lablal

vclngulummon;Mzt The Ml of; Antemus is.. dlstlnct from that of.

Occitanomys in'belng Iess stephanodont-.that.ls, the~

chevrons in Antemus are well separated and are not con-
necteéd - at paracone-metacone or enterostyle—hypocone, nor i"
blS a spur directed from either the anterostyle or lablal'
.anterocone toward the protocone (see- the dlagn031s of |

Occ1tanomy3’1n'Mlchaux; 1969) .

'AntemHSJresembles some specimens of Progenomys,,

: hlspanlcus and Occ1tanomys in hav1ng 1solated enterostyle

on M‘--L but the: lsolatlon of the: enterostyle in: P hlspanlcus

_qr‘occltanomys,lsia varlable character~(Van=deAWeerd, 1976)

and not diagnostic: for eithér P, hispanicus or Occitanomys...

Datajgiven*by vanide Weerd (19763-indicatefthat,thefoecae-7
‘51onal 1solatlon of the enterostyle on Ml ih these taxa
dls convergent w1th the condltlon ‘seen ln Antemus° 'Even3’
yln’these cases of 51m11ar1ty,»thetlower,crowned natﬁre of *
the~Ml of Ahtemus marks’it,agfﬁere‘grimitive} the shallow-
neeeAoﬂ'the-valley'between anterostyletandzenteréetYIe,.
.reiativefte,that between.enteroetyle and:hyPocone;'and:inpﬁ

comparlson w1th 51mllar variations of Progonomys and

-Occltanomys, reveals thls dlfference,.
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Progonomys debruljnl, ne Sp.

Holotyne YGSP 7739, left Mé (Figures lS—f

17, Tables:5 and 6). ,
'Hypodigm,  (All YGSP numbers) 7665, 7672, 7677,
7678, 7703, 7705, 7731, 7738, 7741, right M™; 7674, 7679,

7684, 7687, 7689, 7700, 7702, 7704, 7718, 7735, 7736,

7739, 7740_'1eﬁﬁ.Mi; 7836, 7845, 7858, 7875, right M2; .
7853, 7871, left M2; 7761-7763, 7768, 7778, 7794, 7795,

7802, 7811, right My; 7753, "7793, 7817, left M 7925,

7927, 7941, 7943, right M2,_79OO}:7907,_7915,_7932,>7936f

- 7953, left M~ 7970 rlght M§«

Stratlgraphlc and Geographlc Range.. YGSPS locallty

Al82 Dhok Pathan Formatlon, Punjab Paklstano
Age. Late Mlocene, Nagrl or  Dhok- Pathan zone of
:vPilgfim; late Valle51an or early Turollan equlvalent |
'Etymologye- Named in honor of Hans de Bruljn in
recognitlon of " hls contrlbutlons to the. study of f0551l
.murldsa | |
Diagnosis. = Small murlne rodent with brachydont -
cheek téeth, having anterostyle on. Ml compressed antero-'
.posterlorly, well developed posterlor-CIngulum~on,Ml, and
lablal c1ngulum on MT varlably, but not strongly;developedq

Descrlptlenn, Pngonomys,debruljn; is known only

from-isolated;teeth¢ The cheek ﬁeethdarerbrachydbnt with



YBH7>: Nsi 3>6H6@AL9 ;:4>78<@ E>6A J- 3 D6C=D87?75 NwI

3 PPuO fB6D6?5Q g$ D E?$#¢~ f\g J- 3 PPuy$
D E? #8X fFRg J- 3 PPzt$ D.E? #W. flg J- 3 PyPP$
>8HB? #8j f,g J- 3 PwPs$ >8HB? #W fuy J- 3
PPsu$ D.E? #2j f-g J- 3 PGsu$ D:E? /01 fg

J- 3 POPt$ >8HB? #<I V=> > 9: @9 N AA

flg J-



= -

7
S
N N S
7
S

N Z Z Z 8 8

=
Ez
3=z

&G1M.) b\\¢

-1 El LBa>\k? ?LR

(1 EKN\BJB  aBKm=K<
EBNBKB\] ? a>"Ek«IK=
$I12)B\]? Ha™ >E)
[N

8 8 u 8

( NO it MN viv viu vlz v vy VvIP

Y8H7>: Nyl C=??:> ;8=H>=A 6E D. @?B =@ S8; ?B 6E #¢ 6E
A7>8; >6;: @9 E>6A J- 3 D6C=D8?5 Nw =@ ?B:

B6D6?5Q 6E #=976A59 C6D4: >7?8lI






25 =

2.4 b

‘Length {(mm)

1B R

85

Figure 17.

Progonomya debruum . Progonomys woelferi

v MOdlfled che—Leraas graRh (95° confidence

interval) of length of M= in Progonomys’
debrulgnl and Progonomys woelferl,
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Measurements of Progonomys debruljnl from YGSP

locallty 182,

OR-

22

12
10

12

.10

1.55-1.82

.98=1.10

. Al,o 32—1'0 55 -

.98-1.28

. e 88 T ,-

.88=1.12

.95-1.10

o 78— c92 :

+88~1.00

.80

LENGTH

© 1.659+.016"

 1.028%.002

1.396%.022

- 1.116+.024 -

T e

IDTH

'”1 ozzi,013

1.000£.023

.859+.018

.937%.016. -

.074%.011
.042:.012

© .075%.,015
L076%.017

.063+.010

.056£.016"

.061%x.012

.051.011

41,1

9+1.5

D
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Table;Gﬁ‘:Summary of arrangement of cusps on labial cin-
’ gulum in MT of Progonomys- debruijni.

2 N

- Position: ) - ‘Frequency-ofﬂQccurrenée.~

no&c CUSRSLPIESentF '. . ?, K : _-ZA'
cr o | _-' - - o 6.
c1 énd'C4 ': | : o 2
Ac;¥and c;i - ':‘» oy

e, c3, 4 2
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cusps distinc£ andIWeakly‘connected,_ The cusps of upper
_molars slant posterlorly, cuspsiof.lower>molar5'slant '
anerlorly,j \ | | o

Mi-has an asymmetrical-occlusai~outlinewf It is
composed of three chevrons with three cusps in the anterlor
'two chevrons and two cusps.in the thlrd chevron° 'Thesf;rst
chevron,comprlses the anterostyle andgllngual and;lsbial]-
ahterocohesrxlThehahteros£y1euis-posterior to the lingual
and lablal anterocones, and is compressed anteroposterlorly°
—The anterlor llmlt of the anterostyle lS sllghtly anterlor
to the anterlor llmlt of the protocone° The anterlor
’border;of‘the:anterostyle is. connected by a thln rldge to.
‘ hhe,éoSterior .e'dg:ev_._-o_f"the:llhgual.anteroc;one° _The antero—'
_styie is%coﬁnected_to‘thefenterostyle'by’a.nerroW’ridge-in
-‘2'of”Zoispecimensw:hThere,iS'a.weahsposterior'conhectiohf{
:betWeen the;lihgusi andzlsbiaiuanteroconesgf The"labial»v
_ahteroconekis:sliqhtly~§osterior-relshiVe to the,;ingualx
Venterocone;'.The linguai anterocone'is the'iaréesh»cusP in
the: flrst chevrono The second chevron comprlses the L
xenterostyle, protocone, and paracone° The enterostyle is
_posterlor;to.the protocone and paracone, lts\anterlor
'_borderhatlahoﬁh theflevel of the posterior edge of the
ProhoconlerThe snterolshialharea-offthe enterOStyle con-
nects weakly with the posterollngual area of the protocone,

'uThe protocone and paracone share a weak posterlor connect:.on°
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The paracone is sllghtly posterlor relatlve to the proto~
conec " The protocone is the largest cusp of the second
chevronoQ The enterostyle is: connected to. the hypocone ln:
the third chevron by a very weak thln rldge in 15 of 20
spec:n.__mens° The thlrd chevron comprlses the hypocone and
metacone*JOlned.by a weak posterlor connection. ‘The-hypo->
‘cone is larger than the metaccne;- The,poSterior_cingulum
is ridge-like and extendsvlahially,fromfthe;posterior'mid—
lineroffthe hypoconep“'A weak preclngulum*istoften present
(15 of 19 spec1mens) at the anterlor margln of the tooth
at. the base of juncture of the llngual and lablal anteroe'
GOHESa. A mlnute prestyle is: present on- the prec1nculum in:
5 of 19 spec1mens° One spec1men ln 20 has a small accessory
n:cuSp between;the‘paracone'and_metaconei or between the R
'anterostyle'and enterostylec Twoispecimens in 20Ahave a

-small accessory cusp on the lablal border of the tooth

- between the lablal anterocone and the paracone, but nearer

'rthe paracone. Mi is’ three rooted however, 1n ll of 13
spec1menslaavery;small,,rootlet,‘often nofmore than a bump,
is present.apprQXimately below~the.paracone or protocone;
!-Ma has:aorounded occlusal;outline.and‘comprlsesﬂ]_
five major'cusps (enterostyle, protocone,'paracone, hypoe_
cone,-metacone) arranged-in twO'chevronsa'-Therirst chevron
comprlses the enterostyle, protocone, and paraconeo_ The

- -protocone is larger than the- enterostyle or paracone° The



20
eﬁterdstyle.isbposterior tofthe’protoeone; the apex ¢f the
enterostyle at about the posterlor margln of the protocone°~
The paracone is: sllghtly posterlor to the protoconec eThe-
anterior border of,the'enterostylejis connected'bYa thin‘---
rid:gen_to--the_bosterolingual_bo_raer':-o_'f'th*e__*proto-co_ne° The,
pdsteroﬁabraTﬁ border of_the;proto¢One'is;weakiy;oonneoted
.to.the.paracone;slightly posterior to thehtransverse mide
line offthe cusp; The hypocone is the largest cusp on the
tooth : It has a weak posterlor connectlon w1th the meta—
_cone to form the second chevron° The_f;rst and,secondg
chevrons are joined by a thln rldge.between'the-enteroé;
VtstYleJandahynoconeo; The:- anterostyle is- promlnent but con=x
'fluent w1th the anterlor c1ngulum The.lablal anteroconeJ‘
isa small rOund~cusp°A The: posterlor c1ngulum 1s a: small
but distinct, rldge directed posterolablally from the
'hypoconei7 There is noullngual,anterocone,;nor accessory
cusps,"Three roots are’preSEnt; o

| : No Mi of this taxon has thus far been recovered°
A MT is roughly trape21form w1th srx major cusps
(protoconld, metaconld,;hypoconrd, entoconid, labial
anterqcenid,;iingual anterooonid)f ‘The protoconidi meta-.
conidfiabial-anteroconid, and linguai;anterooonidrconnect
atTthe‘nidlinejof.the-toothranaiform‘an‘asjmmetrical nyw
pattern;with.wearo The central connectlon in the "X"

’ pattern lS strong to’ weak but lt is never absent The
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'labialfanterooonid‘is”elightlv;posterior-relatlve tO'the_
lingual.anteroconid:ltheeprotooonidlis elightly posterior -
rrrelativtho-the«ﬁetacOnid,~ Hy90conld;and entoconld are.
;connected anterlorly to form a chevron. whlch does not con= -
nect w1th elther ‘the protoconld or metaconld ,The.hypoft
conld is. sllghtly posterlor to the entoconld A labial
’01ngulum is present but. varlably developed from the postero—,'
external border of the lablal anteroconld to the’ posteroex~f
ternal~area of the toothl Clngular cusps are-present on the .
lablal c1ngulum ln 1 of l3 specxmens,_ The-numberfofv |
‘c1ngular cusps varies from 0 to 3; however, in 6 of 13
:spe01mens only Cl lS presentcr The~arrangemehtﬂofﬁcuSQS{
:on the lablal c1ngulum is sumﬁarlzed in: Table: 6. A‘émallv
: medlal anteroconld is present on- 3 of 13 spec:x.mens° 'The
,lposterlor c1ngulum‘ls an: 1solated flattened oval at the'
'rposter;orzmargln, somewnat llngual.torthe-long;tudlnal
,midliﬁe-of‘tﬁe~toothflfTwo roOtS'are present vith ‘a minor
, rootlet varlably developed but - never more: than a small
_'nubbln, 1n 6 of 8 spec1mens°
| Mf hasra_trape201dal ooclusalfoutliﬁe,teperlng~
posterlorly° It'compriees two transverse*ohevrons with
protoconld and metaconld connected anterlorly to form the

first chevron,.and hypoconldtand entoconld'Jolned anterlorlyt
Cto formfthegseoondchevron; - The ﬁrotoConid,iSlsituated

' posterior‘relative~to'the metaconid; and'thevhypoconid is
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slightly posterior relaﬁlve to-the-entoconid Allabial
'anteroconld is developed at the anterolablal corner of the
tootth Theranterlo;vclngulumVextends,l;ngually;towaboutu
-the longiﬁﬁdinal;midline:of'the-éootha: It is_Continuous
‘withftheflablal cinoulum;; Cl alone is-developed of'the’
lablal c1ngulum in 5 of 8 spec1mens, C2- and Cc3 occur to—
gether in the remalnlng 3 of 8 spec1mens.. The posterlorv
clngulum is a ridge whlch forms the posterlor margln of the.
1tooth‘between the hypoconld-and'entoconlda Wear'on the
posterlo:.cingﬁlu@.prodocee a flattened ovali M= hasftWo.

roots.

Only oﬁe?MﬁaofVP#ogonomya debruijniﬂhasfbéen”re+~<
coveiedgcllt iS~triangular-in occlusal_outlihe;aodfcomprieess
3 major cuSPS‘(protocohidf metaconid hvpocooid); The -

_ protoconld and metaconld unite. anterlorly ‘to form a chevron.
The protoconld is slightly posterlor relatlve to the meta~'
conlda .The hypoconld is: dlsplaced llngually and connected
to the metaconld by a weak llngual rldge° A labial antero-
-'conld is developed on the anterlor c1ngulum°-'The labial
clngulum ls‘weaka Thererls no posterlor c1ngulﬁm;

Comparisons; ‘The: genus Progonomys is- dlstlngulshed

.from other murld genera in hav1ng dlstlnct cusps with weak
transverse - connectlons,,anterostyle and enterostyle on ML
relatlvely posterlor in p051tlon, ‘no posterostyle, and in

'the almost complete lack of stephanodonty° F;ve specles



- 93

_ comprise.thingenus:' E,fcathalai,,go orientalls; E;

, -hispanicus; P.. Woelferi; and“now Pa-dubruijnil Thaler

,(1966) removed P. orlentalls from Progonomys and. referred.

- it to. the genus Parapodemuso He has been. generally fol~- -

rlowed although the valldlty of thlS referral has not been

conclu51vely demonstrated 'malnly because P.. orlenta115~-'

is based on very scanty materlalof More recently, de Bruljn_

(l976) suggested that synonymy of P orlentalls Wlth Oc- -

c1tanomys provacator cannot be excluded at thls time.

'7_Progonomys:debruljn1 from~thedPotwar‘Plateau is:

similar to the remaining. species in the generic characters .

.noted~abovejv SpeCiesaofiProgonomysfarejquitezua;iaﬁlelihg

ammany featutes{,but;a:e-generally~dlstihctifromjeachéother
'in position of anterostyle on Ml‘ developmentmof poSterior
,cinéulum-oh»Mi symmetry of anterior cusps on M—, develop-
‘ment of lablal c1ngulum on Ml and s1ze“ |

Progonomys debruljnl from the Slwallks is smaller

~ythan Karnlmata darw1n1 or. Karnlmata SP . from YGSP locallty"

- 182 (E‘igure;l6~)° It is distinct from other~species'of

Prdqonomys'in having'the anterostyle on‘Mi'consiStently

_compressed anteroposterlorly (a similar condition is. varl—f

ably present in. P. hlspanlcus) : The anterostyle is- more

fposterlor 1n:P, debruljnl than in P. cathalai, but in

about the same p051tlon as in P. hlspanlcuSQA The develo?e

‘ment of the posterlor cingulum on. Mi is 51mllar to that in



~h E;'Cathalai,;but*generally-better deVeioped~in P. his-
panicus° The anterlor cusps on My have the same general
;asymmetrlcal arrangement as. ln P ,cathalal,”but.areanot,as

asymmetrlcal asrln g}‘hrspanlcus@ 'P. debruijni has weaker

p'develdeent;ofﬁtherlabialhcingulumbonfMIrthan'either

gm,cathalai_or P. hispanicusef,g;fdebruijniris more or

 less comparable_in'size’to P. oathalaivand P hispanicus,

but it is distinctly smaller than P. woelferi (see
Figure 17).

_'Discussionb; Thaler (1966) has suggested the weak

connectlon varlably present between the enterostyle and

hypocone on: M£ in. Progonomys may represent the beglnnlng

;of stephanodonty° Thls ‘is p0551ble, although~not con- -
:_clu31ve, because thlS connectlon has not been observed in
Antemus,’and therefore, lt may (and probably does) repre-
-sent an.advance-ln stephanodontytover Antemus; However,

I see no'deVeiopment}of stephanodonty ggggufsohaub'(l938)

inf?rOgohomys?debruijni;“\Bachmayer and Wilson (1970),

de Bruljn, Sondaar, and: Zacharlasse (1971)“ and}Jaeger

(l975a)have noted p0531ble tendenc1es toward stephanodonty

Lin Progonomys woelferl°
The minor rootlet variably present on Mi'and,MT'
may be taxonomlcally 51gn1flcant however, roots are not:

preserved in many specimens, thus reduc1ng sample size.
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More importantly, the roots of'most samples'of Progohcmys

}haVe>not been adequately. described.

Mus_auctqr,.na Sp°

Holotygeo DP‘ZIO, left~M£ : (Flgures 18- 20
Tables 7-8). _ " - ) .,

Hygodlgmcﬂ (A1l DP numbers) 211-214, 22, 223,
227,.248;1309, right M%; 209, 210, 215-220, 224, 228, 229,
232, 237, 238, left MZ; 321, 323, right MZ; 320, 322, 324,
325, left‘ng 326"Ieft.Mi; 264, 265, 267, 271, 276, 282,

292, 294, 301, right M—; 266, 272, 277, 274, 285, 288,

ll
296, 302, left Mgy 319, 327, 1329, 331-334, right M
328, 330, 335, .left Mf;‘337 left My; 281, left dentary

fragment w1th Ml 2

._‘Stratigrephlcfand:Geographic Range. = DP locality_

13, DhokAPathen Eormatian Punjab, Pakistan.

Age° Late Mlocene, Dhok Pathan zone of Pllgrlm,r
Turollan equlvalent | | | v

| Etzmologyb' From auctor (Latln, common gender), _

:meanlng founder or: progenltora |

- Dlagnosls,_ Mus Wlth'Ml'variably developed'butA

elongate anterior to the' first chevrbn;“M3 with labial -
k*anterocbne-preeent; andfmg-with labial anteroconid present.
Deecription° MﬁS'aucter is knowhifrom isolated

l_teetheahd ehefdentary.fragmentj(DP 281)'with MI:ff The -
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Table 7. Measurements of ‘Mus 'auc'tor: "’from"DPf local-i'ty. 13,

LENGTH (in mm) |

M= 22 1.45-1.90 1°69956027';f.°127t0019a 7.5¢1.1
w6 .98-1,15.  1.047:.025  .062:.018  5.941.7
w1 N -—

My 16 1.38-1.68 1la728.022 -086£,015 5.951.0
M lOT,-_l;OO-l;3O>f'.l;116¢;029”7' 093£.021  8.4%1.9

My o L .78 . == - - ~ -

| ‘WEDTH: (in mm): . |

w220 1.00-1.22 . 1,104,014  .065:.010 5.9% .8
M2 6 1.00-1.15  1.045£.023  .056£.016  5.4+1.6
B T
M— 16 .88- .98 ,ézé§;011 . .042:.007 - -4.6% .8
Ms 10 .92:1.02  .989%.013  .042£,009 . < 4.3:l.0

M 1 B R
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‘Table 8. “Summary of arrangement of cusps on labial cin-

gulum in-MI>of'Mus‘auctor;

Position - - Freguency of Occurrence

Nd CfCﬁsp preseﬁt"">' o 1
cl - 1
Cl and c4 I 3
@ amd o o o

Cl, C3, C4 . o
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molars,are_brachydont;' The'cusps;onvupper‘molars~slant
posteriorly,”and areidistinct.but well‘connectedpin_chev—
rons. The:cusps“on%lowermmolarswslant‘anteriorly;5

| ng hanan]asjmmetrical¢occlusalfoﬁtlineg,_It com-
‘prises?three-chevron5=with anterostyle, and lingual‘andd
lablal anterocones in the flrst chevron, enterostyle,»
Aprotocone, and paracone in the second chevron, and hyéo-
A'cone and metacone in- the thlrd chevron, The anterlor
portlon of the tooth is elongate as a result of anterlor
expansion of the llngual anteroconeo aTheoanterostyle Ls'
compressed and 51tuated posterlor relatlve to the llngual
anterocone; The connectlon between the: anterostyle and
Vllngual anterocone is low. The lablal anterocone is smaller
:than the llngual anterocone and - sllghtly posterlor to: lte IR
The llngual and labial anterocones are connected ‘high on -
theucuspsd ‘On- the second chevron the enterostyle is- some-
TWhat compressed and posterlor relatlve to the protocone'
andfparaconeal The paracone is sllghtly smaller than and
slightly pdsterlor tolthe protocone. The protocone is
joinedato the?enterostylevandfparacone‘by;connections‘high'
.on‘the cuSpsa_’The-hvpocone is largerathan,the:metacone-.
and_joined'touit bv.alposteriorrconneCtion@ Theeenteroﬁ :

‘stYle'is Weaklyrconnected,to the hypocone,hy.a thin, narrow

‘ .ridge; The paracone and metacone ‘are well separated° A

Well developed prec1ngulum 1s present in- lO of 22 spec1mens,“



Three of. 22 specimens haveea prestylerArThe:posterior‘cin—
{guiﬁmsissabsent ‘ A small accessory cusp lS located near
the posterolablal edge of the lablal anterocone in- l of 22
spec1mens, and at: the posterollngual border of’ the antero—_
'style-ln'l of 22 spec1mens, Ml has’ three roots w1th a small
miﬁor‘rootlet.located:beneatnﬂthe.paracone or prot,ocone°
MZ'tapersaposteriorly‘andvcompriSeSHtwo_cheeras
with enterostyle, protocone; andméaracone forming the'first |
chevron,:and~hypocone~andemetacone formingvthe'second
chevron,_‘The;enterostYle-is.posterior:relativefto the
protocone and paracoties . I is joined €& the- protocone by
-a highfconnectiOn; Thevparaconeais’more;sﬁrohlefconnectedvr'
-tOTthefprotoconeﬁx The hypocone,is larger'than»thefmeta—;
coﬁe; theysha-re-a.posterior‘coﬂnection° Thefenterosryle
is'weakly cOnoected to~tﬁefh§pocone”bya thiﬁrridge, The
paracoﬁefand'meraconeAare'well_separatedm-.The-anterostyle>
isfweil deVeloped*at‘thefanterolingﬁal cornerfof the tooth. -
Thevlabial;anterocone isea.small-but“diStinct:cusp at the
.‘aﬁterolabial margindof the tooth. .The posterior crngulum
is’reduced, u? has three roots.

Only one M3'of'Musiauc£or'has vet. beenfrecovered

The‘*-M-3 is WLder than- longn It has one: Well deflned chevron
composed of enterostyle, protocone, and paracone.' The
'enterostyle and paracone are at about the same’ level and-

sl;ghtly.postermor»relative~to.the protoconeo, The»protocone
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.1‘is,closer to the paraconeithan enterostyle, The hypocbne vl
isAclose.to the'enterostyle; but:well'separated’rrom the
‘paracone,;'Theianterostyleﬁis:a.largegcusp*atVthe;anteroea
1ingﬁa1i.' margin of the.toothf ﬁl The labial.anterocone i-s-"-idw’
_and rather llke a cingulum-at the anterolablal border of
fthe tooth : M3 has three rootsa. |

The lower jaw lS known from one’ left dentary frag-
.ment w1th Ml 2 The 1nc1sor, lower border,vcoronOLd,_and
condylar processes. are broken on this. specimen. The mas-
seterlc crest lS rounded and culmlnates in a moderately
_deVeloped*masseterlcvknob:below the:anterror'portlon of
- Mi;; The- area cf 1nsertlon of the: masseter medlalls is
1indlst1nctrt The mental foramen is large and located high
don the lateral surface of - the dentary, anterlor to, but at

a level just sllghtly lower than the masseterlc knob A

dlstlnct foramen is located on the medlal side of the rootﬁ_rj'

}of.the;ascendlng ramus sllghtly anterlor~tofthe,posterrOr
:iborder ofiMzi ) o e |
Ml comprlses six.main cusps (lablal and lingual
fanteroconlds, protoconld metaconld, hypoconld and ento-
conld)° The lablal and llngual anteroconlds share a strong
central connection w1th the protoconld and metaconld ‘to-
‘form an asymmetrlcal “X“ pattern.v The‘llngual»anteroconld

-tlls sllghtly larger than the lablal anteroconld and lS more

anterror 1n~po51tlonn_-Thewprotoconld-1s;sllghtly-posterlor'



relati&efto.the;metaconid,-and~the hypoconid is:slightly-'
posterior'relative.to the entoconid@j Theihypoconidcand
"entoconidfconneet'anteriorlyrto~form;a chevron;% The pos—j
terior cingulum is a flattened oval at the posterlor margln
'offthe tooth,between the hypoconld and entoconld° -Thee'
lab;al\clngulum:extsndsvposter;orly.from,the-lablal antero-i ;
':'coﬁid{ Clisp's. are."va\ria_b:l;y’ -'dev'-eloéed, on the labli-a-l' cingulum |
'»as7summarized‘in Table 83 however, Cl is usually present°
medlan anteroconld is present ln 4 of 15 spec:.mens° Therei
-are two main roots on Ml' w1th a mlnor,.very small rootlet -
1present beneath the protoconld “In-1 of" 15 spe01mens
(DP-292) there are two. unusually large accessory rootlets
under the protoconld and metaconld ’ However, the~accessory
' ;rootlets.even-1n this specimen, are ninor{when:coméared to
'”the main rootsoi' | | | o

M2 has a rounded trape21form outllne ‘and 'is more

- narrow posterlorly than anterlorlyn There are- four main
cusps’ w1th protoconld and metaconld 301ned anterlorly to
form' a chevron, and ‘the hypoconld and. entoconid. 51mllarly .
connectedkto‘fOrm a chevron° The protoconld,and hypooonld
Jaré:élightly PQSteriorfrelatiVe:to:the metaconid and ento-

~ conid. .The entoconidvis well separated from-but'close to
thefmetaconid;t{The labial anteroconid is a distinct cusp
Aatfthetanterolabial border’ofﬂthettooth, It. connects with

the-anterolingual'partﬂof the protoconid. ' The labial
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cingulum-is;well:deﬁeloped'ln 4[§f”9 specimensvr7In these
faspecimene-with'a_well}deﬁelopedﬂlabial:eingulum,.twb speci= g~
' _menafhareﬂél only-preaentrand'two“hayerCl;and;és,present,t-
The'posterier'cingulnm?iSJa»emallfflattened oval;betWeen»
the hypoconld and entoconldoh Theer.haetwo-roots;
- 'MB is known from one - spec;men°, itgis a small’

ounded trlangle in-oéclusal’ outllne, 'The protocenld le
‘“'well;conhected to'theametaconld';ntwear;'and formS'a |
straight.eheﬁron-across the“anterlgrﬁportion‘ef'the toethc-
ThezpretOConidais larger'than'the;metacenid* The hypo-,-
‘conld is. large and dlsplaced llnguallyn‘ If there was a.
dlstlnct~entoc®nld lt has merged i weax: w1th the hypo—
’conld ln thlS spec1men, The entoconld<areav(1 e.; the-
'llngual portlon of the posterlor cusp in this spec1men§
,tapers;anterlerly toward-the metaconldo-vThe lablal,antero-
:eonidnis}small;, My has two. rootSOF

: Comparlsons, ThlS taxon is referred to- the genus

"Mus because the thlrd molars ‘are reduced (M length = about "°

60, o % length° M, length = about 67% M

| 3 2
. the Ml is. expanded anterlorly (Ml x ‘length = about 162%

X length), and

Mé x length) The anterostyle on Ml is. anteroposterlorlj
‘compressed and posterlor relatlve +to the llngual antero-
cone, and the poeterlor crngulum rsnreduced° Additionally, .
fthe Mliés'similar;tefggiginfforning'a'stronlefasymmetriCal:-

"X" pattern betWeethhe-labial,andflingual anteroconids,
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‘protoconid and métaconid. It is the smallest species of

murid yet recovered’from‘DP locality 13 (Figure 20),

“Mus: auctor'ls dlstlnct from other spe01es of Mus:
“in hav1ng a - lablal anterocone on M3 The. presence of a
labial anterocone on"M3 in Mus auctor<1nd1eates that the

M3 has not been reduced to the, extent of more modern speCLes

'of Mus,. The,varlablllty ;n»deyelopment of_the prec1ngulum

in Mus athor'is'probably greater than inrotherispecieé'bf

 the genus. Mue auctor is;similar-to;Mus petteri from 3

Olduvai Bed I (Jaeger, 1976)'in‘havinggthe:labial anterocone
'.on-Ml'slightly'posterlorfrelatiVe'to,the;lingual anterdCOneg

Mus auctor is: qulte similar to Progonomys debruljnl

from YGSP locallty 182, partlcularly in hav1ng the antero—-.r

style of M%”anteroposterlorly.compressedoq Mus‘auctor'ls

distinct from Progonomys debruijni in~havingfthe:cusps in

chevrbne more_strongly-cenneeted,'reduced posteriorrcineb
gulum on Ml;-and'in‘havinggaetnall§”and relatively smaller
:dM3;1 The Mi and M2of.the.twe~specie31are'particularly:}
difficult'to distinguish. Generally, thejlabial'cingulum

in Progonomys debruijni is better-developed andithe pos=

terior'cingulum.slightly less develeped "Also, the anterior

',portlon of Ml of Mus auctor is generally more asymmetrlcal

.

than in Progonomys debruljnln_

”Dmscu581ond The strong morphologlcal smmllarlty

between Progonomys deerl]nl and Mus auctor is hlghly
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suggestive of a close genetic relationship. The character

~of compressed.anterostylevcn Ml in Progonomys debruljnl is .

dshared with. Mus, but that character dlstlngulshes P

debrulgnl-from'all other-spec1es-of:Progonomysn_ Some

ﬁspecrmens of P debrul'nl from YGSP locallty 182" (ew go,_

_ YGSP 7679 and 7700) are dlStlnCt from M auctor only ln

'_ havrng a posterlor c1ngulum, whlle some specrmens of M.

-auctor from Dp- locallty 13 (e g,, DP 211 and 223) are dls—
:‘tlngulshed from P debrulgnl only by the absence of a
posterlor 01ngulum

Progonomys is more prlmltlve than Mus 1n hav1ng

a. posterlor crngulum on. Ml - a. character shared w1th most
other Tertlary genera,_ This andﬂthe ccmpressed:anterostyle'

suggest,that.the-genus Mué;evoltednfrcﬁfProgonchShthrcugh‘

Progonomys'debruijni and Mus auctora"The-stratigraphic

.occurrence of these taxa is consrstent w1th thlS hypotheSLSofx

Mlsonne (1969) divided. the spe01es of Mus into
three'sectlons basedvon the amcunt of elongatlon'and.dls—
Vtortlon of Ml, and the degree of reductlon of M3° Bach -
of the groups is present in both Afrlca and. Asia. The

Varlablllty obserVed in the}developmentiof;the'precingulum

B in'Musrauctorsincludeshmorphctypes similar'to-those found
.in‘each of the three sections of Mus. The presence of

3

~a labial anteroconid on M~ in Mus-auctor is considered-

primitive because it is a character shared with Progonomys..
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Other spec1es of Mus have lost the labial anteroconld in.
'the reductlon of M3 |

If these 1nterpretatlons are: correct Mus auctor

isa prlmltlve relatlve to other spe01es of Mus w1th re-~

Jspect to-the.elongatlon of M‘-L and reductlon of M3 T

4hsuggest that Mus auctor represents the ba51c stock of- the
fgenus and that all three sections of Mus, as deflned by
iMlsonhe_(lQGQ), were derlved from-thls‘baslc.stockg- he>
V'QQOldgiC record Of”thémgenus_gﬁgrisiconsistent with this
hYpothesis;p.The‘oidest previouslyfreported occurrehce of
.;Mus is from E Quarry, Langebaanweg, South Afrlca (Pocock
.fl976&wh The age of ‘B Quarry, according to.: Hendey (1976),
isrﬁlrocene, about 4-5 m}ymA Thetage:of“DP'locailty‘l3rlsf
greater tham 5 m.y. . "

‘Thus; the}earlylevolution'df'gggeappears to be*docu—

-mentedfinfthewsiWaLiks»oftPakistana fMusaprobablyveVOIVed*

'from‘Proéohomys debruijni represented.at YGSP localitydlSZ,
EVThejfirst’recordioftggg‘is_at DP locality.l3 somewhat;;
'oiderfthan 5 m.y. '~The genus theh spread“relatively

rapidly to-AfriCa,'occurringiat,Langebaanweg.about_4e5 Mm.y.

It iS;probableathat-other Mus-iike genera, such as

- Acomys; shared a . common ancestor with Mus° Acomys does not.
"have an elongated Ml and is, therefore,'prlmitive‘with'
)hrespect togMusgln.thlSjcharacterq 'However;‘it—is.Mus~likeff

. in-having'compressedTanterostyle'on Ml with a low connection
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between thefanterOStyle”anddlingual anterocone. It is also

__more prlmltlve than most Mus 1n havrng relatlvely larger

M3 wrth B lablal anteroconld (at least ln some- specres),
and'»M3 w;thca labral anterocone. It seems most llkely that'
'the_ccmmpn ahbestarrbetweeh Mus and Acomys'was preVLOus to

the cccurrence of'Mus aﬁctorg There is apparently nothlng

.that precludes Prcgonomys from belng the common. ancestor

and spe01f1cally, Progonomys debruljnl from the Slwallks

is a likely. candldatee.

MU.S R _S.p'o‘

Referred;Specimenso-”DP 201' left,Ml;fDszoz,r2Q3,

"_left Ml : (Flgure 21 Table 9).

Stratlgraphlc and Geographlc Rangec .The»gthS Mus .

isjkhown frcm'the~Mrocene of Asra,.Pllocene;cf Africa,
PleiStOCeneicfiAfrica;:Asia} and:EﬁropeE.essehtially wOrldrw”?
- wide Recent dlstrlbutlon because of lnfluence by mano_ Mus
_spg-ln the Slwallks of Paklstan from DP. locallty 24,
.-debl Hrllsa- |

~§g§,hﬁEarly PLeistocene,dPinjOr'zone’OE Pilgrim,
’.Viilafranchian'eduivalent; |

| Descrlptlono MusVSﬁa from the‘Pabbi Hills is -

presently known from only three isolated teeth’ (lMl 2Ml)°

'M} is narrow and,anteropcsterlorly-elongate, wrth:three'

' transverse chevrohs. The first chevron is composed of
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Table 9. . ‘Meais,u’rzements‘ ‘of Mus. sp. from DP local’ity'bél_lﬁa )

7. Lergths . Width. .

DP 201, . - M. - 2.00. C O 1.20
~ pp 202 M - 1.50 0.88

DR 203 mMp o 1.8 0.92
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anterostyle; linguai.andmlabial'anteroconeSQ the second-

chevron is composed of enterostyle, protocone and paracone,

© ' and. the: thlrd chevron is composed of. hypocone and metaconeu

The anterostyle is anteroposterlorly compressed and 51tuated
T_Well pqstenlor}relatlve,to the l%ngnal_anterocone, The
-linéual aﬁfétoconemis the_latgest.cusp in‘the first chetron
-and is greatly»expanded'anterioriy; The labial anterocone
is}Tafgeb dTheianteroTabial.mafgin of'the-anterostyle has

- a iow.connection With'thefposterolingual margin'of the
‘lingualdanteroconeo The llngual and lablal anterocones
share a high and. rather, strong posterlor connectlono Thep
cnspsfoﬁtthe second chevron are"about equal in size- and
are“sttongly connected The enterostyle lS connected by a.
,narfOW“fidge to the hypocone° . The metacone is smaller -
than the. hypocone and lS dlsplaced posterlorly relatlve to
thehypocone° The posterlor p031t10n of_the metacone and-
.thedante;ior expansionfof the,lingnainanteroCOne impart'ae
somenhatiasymmetricai appearance to.the:tOOtha iThere is o
neitherca;WeIi defined:precingninm nor afpoSterio:_cin*'
gulnm- Ml apparently is three rooted

M comprlses six dlstlnct steep walled cusps°_uThe '

l
lablal cusps are posterlor relatlve to the llngual cusps.
The - hypoconld and entoconld share an anterior connectlon

'and form a chevronof The lablal anteroconld lS much smaller

: than the llngual anteroconld l The~anterocon1ds jOln the«
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.protoconid‘ahd metaconid'labial~tovthe.midiine of the tOOth;-
pto form an asymmetrlcal "X“ patterne - The posterlor cin-
.gulum lS transversely compressed and: extends along the..
}fposterlor margin of the.toothubetween~the-hypoconld;and
'entoconidﬁ’ There is no'medial;aﬁteroconid'or labial cin-
Jgtlqu: No roots are preserved

Compar;sons,- The genus Mus is characterlzed by

:haviﬂg;anpelongatefMl, reducedaMs; and:Ml w1th:anfasym—~
_metrical,“x“'patterﬁ,formed at. the anterior portion-of the
}tooth}jatdyno'iabiai'cihgtium@;"Onlnyl asd-Mi,arefknoWn
“-fromvbéelocality124i Theseffirst'molars are esseﬁtiall&
fmodern with: respect to: the characters mentroned above ands
-almost certalnly are referrable to Mus, |
| - Marshall (1977) lncluded 19 extant specmes in hlS
:key to. A51an spec1es of ‘the genus. Mus _Cons1der1ng;the~'
, lncomplete-representatlonnof?ggs from DP Iocality:24, and.
the compiexity'andtdiversity of modern species, it,seems
| most realistic_atdthis time to'refer these specimens |
"simpiy:to,@ggasp;: This: approach does not dlmlnlsh the
significance of these spec_n.mens° Mus Sp. from the Pabbl
:HillS'ié therfirst:record‘ofian,essentially“modernureprgs
sentative.of this genus from the~Siwalikso-
| Mus is presently represented in Paklstan by 3 |

spec1es. M musculus, M. sax1cola and M booduga.l Musf

:sp,,ls dlstlnct from M. musculus in hav1ng a more narrow
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'_M; w1th more elongate anterlor portlono Mus spo is dlsnp
_ tlnct from M saxrcola in belng smaller and in not havrng
.a prestyle.on Ml Q Mus.. sp° from DP locallty 24 1s most

'751mllar to M. booduga 1n size and general morpholooy, but
-the anterlor portlon of Ml appears to be more- elongate and

the- small prestyle observed on .some spe01mens of Mus booduga

is not presentco Although lt cannot be demonstrated with the
Vmaterial'at hand lt is at least reasonable ‘that Mus sp°

from: the Pabbl Hllls is more closely related to Mus booduga ;

vthan ‘to other species now llVlng in Paklstan,,

Parapodemus Sp. -

o Referred Spec1mens,.r(AllAYGSP numbers) - 7676,

7682, 7697, 7734, left Mii 7826, 7854, right M2; 7824,

l,f779b ‘Left Mg 7924, 7956, left
: M5{1797§, left Mg;‘7904,ﬂleftidentary»fragment wlth_
ffMizéf‘ (Flgure 22, Table.10). -

Stratlgraphic andiGeographicnRangeo‘ Late Vallesian

to Blharlan (or equlvalent) 1n ‘Europe- and Asia; in‘the@A
Slwallks, presently known: from YGSP locallty 182 Dhok.-
Pathan.Formatlon,_

| Age. InvPakistan, late'Miocene, Nagri or Dhok
-f'Pathantzonerof7Pilgrim,ilateiValleSian or;Turolian equina;’

lent.
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Table 10. Measurements of Parapodemus spo from_vYGSP
' ' locallty 182. ' ‘

‘Length wWidth

Cyese . 7676 Wk 2020 L35

~ Yesp - . 7682, M= 2.22 s 1.42

| YGSP S 7897 M= . 2,20 : . 1.48

- yGsp 9734w 2.p0 138

vese 7824 M= l.40 1.2

¥Gse . 7826 CoME 1_'_ 1.38 1.28.

vesp 7854 . M+7‘.  1.2 1.35

':YGSP ,:r:4 7779 | -M;f- = 1.88 ,;_ ' L;lp

vese ';779d'~ - Mo 2,;2 | o 1.22

. YGSP '7.- 7904 Ms. . 1.50 132 o

vese 7924 M= 1.48 - 1.42

. yese 7956 . Mz 1.58 . 1.48
yese 7904 M= 1.25 | 1.15

yesP - 7976 M,  1.22  1.08
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Descriptionox Parapodemusrspcvls known from seven.

Eisolated upper ‘molars and some prov181onally referred
spec1mens of: lower molars compr1s1ng five: 1solated teeth
' and one- jaw fragment w1th M2 e 'Cusps onvchevrons-are
A\dlstlnct but well connected relatlvely hlgh on the cusps°
:tCusps;on upper molars are 1ncllned posterlorly whlle
cusps on lower molars~are J.ncllned-anterlorly°
Mlihas a rounded occlusal outllne and comprlses

: tnree Chevrons the flrst chevron is composed of the antero—- -
style and llngual and lablal anterocones° The llngual
anterocone lS the largest cusp on: the flrst chevron, the
danterostylehrswsl;ghtdy,smallerqthanatherlrngual;antero%“
oonei butrlarger'than'the labial anterocone;'vThe antero-
 style is posterlor relatlve to the llngual anterocone, the
1llngual and labial anterocones are: about at the same level.
'-_The'anterolabialfareaﬁof-thefanterostylekis‘connected,to

»the posterolinguallarea of thevlingualeanterocone, The
lingualiandflabialQanteroconeS snare a‘posterior.connece
tion. VThe.first ohevronjis.Well.separated from'the'seCOnd
chevron. The second chevron comprlses three cusps (entero-
style, protocone, paracone) The protocone is theilargest“
cusp in the second”cnevron,;butiitfis only'sllghtly largerr
tnan.the enterostyle'and»paraCOne;fvThe_enterostyle'isf
-sllghtly posterlor to the paracone;"Both are‘posteriorl

relat;ve to t_he.protocone° - The- anterolablal area of the
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enterosty;e is joined to the posterolingual area of the
,protocone;» The thlrd chevron comprlses the hypocone and-
:metacone jOlned posterlorlyo_ The.hypoconeglsplargersthan“
the*metacone@,:The,seCOnd_end third'chevrons'arefconnected;
by thin;ridges,hetweenetheﬂenterostyie,and‘hypocone, and:
-betWeen,neracone;end;metaconef.‘Thereiisrno posterostYiéq

‘The posterior cingulunvis well developed'in-3 ¢f~4 specimensa

~and. extends labially from about the center of the posterlor-~~,

.margln of the-hypocone; A prec1ngulum is varlably developed
in 3 of 4 spec1mensw. Two of 4. spec1mens have a small but
dlstlnct accessory cusp at the llngual margln of the tooth
between the anterostyle and enterostyle, but closer to the.
enterostyle° -Roots are preserved 1n only one spec:.men°
'Mi‘is:four7rooted as.erresuLt of_tw1nnlngvoﬁ_the;llngual |
root. It'is bifurcateddrstallv,_but fused proximal to the
crown. ‘ | |

el isfbroad enterioriy but-roundedrand,tapered
:~posteriorly,vhit-comprisesgtwo chevrons{»fThe first chevron
. iswcomPOSed ofnenterostYIe;'orotocone, and"paraconew The
dprotocone is the largest cusP of‘thevfirst chevron‘endris
connected posterlorly to the paracone, and vat’itsepostero—'
,llngual margln, to the anterolablal portlon of the entero-
_styleu The second chevron comprlses ‘the hypocone and -
metacone connected posterlorly° The hypocone is. the“

largest'cusp_on MEQA The metacone is relatlvely small and
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dlsplaced anterlorly towards the paracone, The first and |
second chevrons are connected lingually by a thln rldge

t between the enterostyle and hypocone, and lablally by the
appress10n of the paracone and metaconeo The anterostyle

is avround columnar cusp on the anterior. c1ngulum at the
anterolingual‘area_of the tooth@~/The'lablal.anteroconeals

a smallkcusp'on.the-anterior cingulum atﬂtheianterolabialv,v
area of*the.tooth? There'isano'posterostYlegttThe posterior'tf
-;cingulum~is weak.and low,'extending:labially from the hypo—"
cone. No spec1mens w1th roots preserved have been re—v
covered ~“but the broken outllne of- roots at the base of the-

crown suggest four roots Wwere- present

No M—:i can deflnltely be referred to Parapodemus Sp.

Miahas a rounded trapeZLform occlusal outllne and
comprises-SLX:majorAcuspsm The labial cusps (lablal
anteroconid,>protoconid;_hypoconld) are sllghtly posterlor
reiative.to theilinguai cusps.(lingual._anteroconld,
metaconid,_entoconid),. The,labialnandwlingual~anteroconids,v
:protoconid;andvmetaconid unite to form an asymmetrical_“x"
pattern,‘:The'hypoconid;and,entoconid connect.anteriorly
to:form a chevron,l,h-small nedian Itiureai'sd-irec"'.,i.:‘ed-an--=
terlorly from the junctlon of the hvpoconld and’ entoconld
A small medlan anteroconld lS present° _The posterlor
c1ngulum‘rs,a'transversely flattenedvovai at thejposterior

margin of the tooth between.the hypoconid and metaconid.
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_A'lahial cingulum:eXtends_from the labial_anteroconid to
thé.hyPQCOnid'at thé*?osterolabialuma:gin of the tootha

Cl is Well develoéednand'weakly connected to thfe-hypoconid°
'CB and>C4 are small;f1c3 is anterior to the antexolabial

’ portlon of the protocnld Oneespecimen in two~has~aw
minute llngual accessory cuspule between the llngual
hanteroconld and metaconld Mi apparently has two roots
;WLth.awmlnor.medlalvrootlet,-

o Mf has a rounded rectangular outllne and comptlses
Ewo ! chevrons with protoconld and metaconld jOlned anterlorly
-:to form the flrst chevron, and hypoconld and entoconld
JOlned anterlorly to. form the second chevron, The proto—
:COnld_lS si;ghtlY PQSterlorgre;at;ve-tottheAmetaconld;- |
,the-hyp000nid'is sliéhtly posterior relativeetoathe’ento—l-nu

onid' A weak longltudlnal spur prOjects anterlorly from
the ]uncture of the hypoconld and’ entoconldog A labial
,anteroconld¢1s promlnent on the anterlor CLngulnm; and a
labialicinguium_extends.posteriorly fromitheflabial*antero- :
conidni Cl is weil deVelopediand“Weakly connected. to the
hypoconid. C3 is small andflocated.atrthe posterolabial.'
Vlimitvof thel_pr'otocon’id° .The posteriorhcingulum is a
transversely.flattened oval;at the posterior margin ofh'
Vthe'toothhbetween'the hypoconid and‘entooonid;’5M3-ap?

 parently has two roots.



























































































































































































































































































































































































































