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INTRODUCTION AND ACKNOWLEDGEMENTS 

Hipparion D e C h r i s t o l , 1832, comprises extinct tr idacty l equids t y p i f i e d 

by their isolated protocones, w h i c h evolved i n N o r t h A m e r i c a f r o m Mery-
chippus stock, and invaded the O l d W o r l d 12.5 m i l l i o n years ago. G o n e are 

the days w h e n Hipparion was considered ancestral to Equus, but to this day 

sweeping conclusions are being d r a w n about some reduction i n the length 

of the side metapodials relative to the median metapodial f r o m the oldest 

to the youngest forms, whereas i n reality a l l there was is a l lometric g r o w t h 

(cf. F o r s t e n , 1973a). I n her plea for the new systematics, w i t h polytypic 

rather than local and chronological ly l imi ted species, F o r s t e n (1973b) ob

serves that since 1829, w h e n the f i rst f inds were described b y V o n M e y e r , 

u n t i l about 1930 new species of Hipparion have been described at a mean 

rate of one every three years. Since 1930, the mean rate o f increase i n the 

number of species described as new i n Hipparion has been two every three 
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years. I n her valuable rev is ion of the O l d W o r l d Hipparion, F o r s t e n (1968) 

regards only nineteen out of a total of s ixty-one described species as probably 

v a l i d . She d i d not even consider a l l the described O l d W o r l d species, leav ing 

out, e.g., those described by G a b u n i y a (1959) , and, of course, those described 

after 1968, such as Hipparion nagriensis H u s s a i n (1971) f r o m the N a g r i 

F o r m a t i o n o f the S i w a l i k s , one more s y n o n y m of Hipparion primigenium 
( V o n M e y e r ) o f w h i c h she h a d already l isted no less than s ixteen synonyms 

( F o r s t e n , 1968: 14/15). 

I w i s h to record m y great indebtedness to the late D r . L o u i s L e a k e y a n d 

to M r s . D r . M a r y L e a k e y who, after h a v i n g entrusted to me the rhinocerot ids 

kept i n the N a t i o n a l M u s e u m at N a i r o b i , gave me the equid mater ia l f r o m 

O l d u v a i G o r g e f o r study. T h i s contains the f i rs t skulls of "Stylohipparion" 
ever f o u n d anywhere. I a m also m u c h indebted to D r . F . C l a r k H o w e l l , w h o 

has sent me the equid mater ia l f r o m the O m o G r o u p deposits i n E t h i o p i a 

collected by the A m e r i c a n contingent f r o m 1967 to and i n c l u d i n g 1974. T h e 

equids of the B a r i n g o B a s i n i n K e n y a collected by the E a s t A f r i c a n Geo

logical Research U n i t ( E A G R U ) based at B e d f o r d College, L o n d o n , have 

been sent to me by D r . B i l l B i s h o p . D r . B r e t t H e n d e y k i n d l y a l lowed me 

to study the Hipparion f r o m Langebaanweg, S o u t h A f r i c a . I have seen casts 

of Hipparion f r o m the Makapansgat L i m e w o r k s , T r a n s v a a l , t h r o u g h the 

courtesy o f D r . A l a n W a l k e r . T h e N g o r o r a F o r m a t i o n Hipparion kept i n 

the N a t i o n a l M u s e u m s of K e n y a have been loaned to me b y the M i n i s t r y 

of N a t u r a l Resources, N a i r o b i . I have p r o f i t e d m u c h f r o m the col laboration 

w i t h D r . V i n c e n t M a g l i o , then of P r i n c e t o n , o n the L o t h a g a m - K a n a p o i - E k o r a 

hipparions collected by H a r v a r d and P r i n c e t o n U n i v e r s i t y E x p e d i t i o n s to 

K e n y a between 1965 a n d 1972. G r a n t s - i n - a i d f r o m the W e n n e r - G r e n 

F o u n d a t i o n f o r A n t h r o p o l o g i c a l Research, Inc. , N e w Y o r k , N . Y . , i n support 

of m y studies i n A f r i c a are grateful ly acknowledged. 

I n t h a n k i n g m y colleagues f o r their cooperation I can only say that I hope 

to have achieved some "per fec t ion i n the u n f i n i s h e d " , f o r new fossi l equids 

continue to t u r n up i n A f r i c a , a n d I have not had access to a l l that is collected 

to date. T h e photographs i n the present paper are by M r . C . H o o r n , L e i d e n . 

T h e m a j o r fossi l sites i n E a s t A f r i c a that have yielded equids are s h o w n 

i n f i g . ι . 

A w o r d about the terms M i o c e n e , Pl iocene, and Pleistocene. T h e s e do 

not mean the same to everyone, a n d are v e r y c o n f u s i n g to the unini t ia ted. 

F o r the purpose o f the present paper I hold the O l i g o c e n e / M i o c e n e boundary 

to be at 25 m i l l i o n years, the M i o c e n e / P l i o c e n e boundary at 5 m i l l i o n years, 

and the Pl iocene/Pleistocene boundary at 2 m i l l i o n years (cf. V a n C o u v e r i n g , 

1972). 
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SOME NOTES ON WORKING METHODS 

Hipparion is one o f the most interesting genera o f equids. I t gave its name 

to the "Hipparion f a u n a " , the classic M e d i t e r r a n e a n P o n t i a n . H o w e v e r , the 

relationships between the var ious species o f the genus r e m a i n a matter o r 

contention. T h e r e is a p r i m o r d i a l O l d W o r l d species, Hipparion primigenium 
( V o n M e y e r ) , a n d it is n o w becoming clear that the subsequent development 

i n A f r i c a was d i f ferent f r o m that i n E u r a s i a ( H o o i j e r & M a g l i o , 1974: 3 0 ) . 

T h e best documented A f r i c a n f o r m is Hippanon africanum A r a m b o u r g 

(1959) f r o m the V a l l e s i a n of A l g e r i a and M o r o c c o . Its h y p o d i g m includes 

skulls , mandibles, as w e l l as postcranials; it is identical w i t h Hipparion primi
genium o f the V a l l e s i a n o f E u r o p e a n d A s i a . W e have a s k u l l o f Hipparion 
turkanense H o o i j e r & M a g l i o f r o m L o t h a g a m , and a juveni le s k u l l o f H. 
primigenium f r o m E k o r a , both i n K e n y a ( H o o i j e r & M a g l i o , 1974: 8-15). 

T h e r e is a n (undescribed) skul l o f Hipparion baardi B o n é & S inger , but 

none o f Hipparion namaquense ( H a u g h t o n ) f r o m southern A f r i c a . W e have 

two skulls o f Hipparion cf . ethiopicum (Joleaud) f r o m O l d u v a i Gorge . I n 

the L o t h a g a m - K a n a p o i - E k o r a collections there is a smal l f o r m of Hipparion 
o f w h i c h we have n o s k u l l , and w h i c h consequently w e cannot classify 

p r o p e r l y although there are postcranials o f the same size class that m a y 

conf ident ly be re ferred to it . E v e n toothrows m a y be d i f f i c u l t to i d e n t i f y 

specif ically. A s far as the teeth go, there is no more to them t h a n meets the 

eye ( l ike any metaphor, this one is not f u l l y adequate as structures called 

ectostylids, w h i c h l o o m large i n phytogenies, m a y be h i d d e n f r o m v i e w i n 

the cement investment o n the external faces o f the lower cheek teeth). T h e 

enamel borders o f the fossettes and f lex ids f o r m patterns that m a y appear 

s imple o r complex: usual ly , but not i n v a r i a b l y they s i m p l i f y w i t h advancing 

wear. 

T h e interpretation of the dif ferences is rather obscure. Compl icated tables 

recording counts o f fossette plications fore and aft i n the uppers, at var ious 

levels o f the c r o w n , are g i v e n i n the l i terature. A l t h o u g h this method h a d 

its values, it tends to overemphasize the signif icance o f such f igures, a n d 

comparisons between the var ious forms are rather involved. M o r e o v e r , every 

p l i is counted as one no matter whether it is deep o r shal low, ample o r just 

a l ittle twist . 

C l e a r l y the most important , but l ikewise the most d i f f i c u l t character to 

establish i n any f o r m o f Hipparion is the absolute height o f the c r o w n s o f 

the teeth. I t is a great except ion to f i n d a complete c r o w n that is both u n w o r n 

a n d has the base calc i f ied, and preserved. T h e height as w o r n m a y be g i v e n , 

but this is of l itt le \'alue f o r purposes of comparison. I f we have crowns 
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that are just s l ightly w o r n a m i n i m u m estimate of the f u l l height m a y be 

obtained. T h e relative c r o w n height is the f u l l height expressed as a per

centage of either the c r o w n w i d t h or the anteroposterior c r o w n diameter: 

thus we get a height/width index or a height/length index irrespective of 

the absolute dimensions, and this is of importance i n assessing the evolutionary 

stage: small hypsodont forms m a y have crowns lower than large, not-so-

hypsodont forms. T h e absolute size of the tooth crowns, anteroposterior a n d 

transverse, is o f value only w h e n the measurements are taken i n a con

sistent m a n n e r a n d are not dependant u p o n wear; it should be stated how, 

at what level o f the c r o w n , the measurements are taken. I f i n d that at 2 c m 

f r o m the base a good measure of the size o f the c r o w n is obtained. T h i r d 

and f o u r t h premolars , and f i rs t and second molars become shorter antero-

posteriorly as wear proceeds, whereas second premolars and t h i r d molars 

tend to keep the same length o r lengthen w i t h advancing wear. T h e w i d t h 

i n the uppers increases w i t h wear at the base, where the protocone is p r o 

duced, but otherwise the w i d t h remains rather constant as i n the lowers. 

Cheek teeth i n situ i n skulls and mandibles must be measured occlusally i f 

the specimens are not damaged. 

Protocone indices w i l l not be found i n the present paper, although some 

authors set considerable store u p o n such indices. A n y o n e w h o handles Hip
parion teeth should realize h o w variable and d i f f i c u l t to measure precisely 

these structures are, and that indices express ing the transverse diameter o f 

the protocone as a percentage of the anteroposterior diameter o f the same 

look f ine on paper but are of v e r y l imited value (cf. Cooke & C o r y n d o n , 

1970: 140-145). 

SPECIES OF HIPPARION IN AFRICA 

I n a purported revis ion of A f r i c a n hippar ions published ten years ago, 

Boné & S i n g e r (1965) dis t inguish the f o l l o w i n g species: Hipparion ajrica-
num A r a m b o u r g (no subgenus), Hipparion sitifense P o m e l (no subgenus), 

Hipparion (Stylohipparion) libycum P o m e l , a n d Hipparion {Hipparion) al-
bertense H o p w o o d , the last w i t h two subspecies neither one of w h i c h is the 

nominal subspecies. 

T h e r e must needs be said something against the use of these names. Hip
parion africanum is a s y n o n y m of Hipparion primigenium ( V o n M e y e r ) . 

Stylohipparion V a n H o e p e n , 1932, is a s y n o n y m of Eurygnathohippus V a n 

H o e p e n , 1930, a n d the latter name should be used i f a subgeneric (or generic) 

dist inct ion is deemed necessary ( f o r w h i c h I see no reason). Hipparion 
albertense, a l though the name is widely i n use, i n actual fact is a n o m e n 

v a n u m ( i n the sense of S i m p s o n , 1945: 2 7 ) ; its type specimen is a n i n -
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complete upper molar , a n d specific ident i ty w i t h other mater ia l cannot b y 

any means be proved to be correct. L o w e r cheek teeth both w i t h , a n d without 

ectostylids have been re ferred to it, hypsodont, and not-so-hypsodont. I re

commend that the name Hipparion albertense should be either ignored o r 

l isted as indeterminate a n d without k n o w n signif icance (see p. 27/28) . 

Hipparion (Hipparion) albertense serengetense B o n é & S i n g e r (1965: 

389) has been erected f o r "Hypsohipparion" D i e t r i c h , 1941, w i t h lower 

cheek teeth devoid of protostyl ids and ectostylids. These (v ide D i e t r i c h , 1942, 

p l . X I I I figs. 89, 90, 93b, p l . X I V f ig . 101, p l . X V f ig . 106) are i n d i s t i n 

guishable f r o m Equus a n d belong there, whi le the uppers belong to "Stylo
hipparion" (cf . A r a m b o u r g , 1947: 3 0 6 ) . 

Hipparion (Hipparion) albertense baardi Boné & S i n g e r (1965: 389) 

f r o m Langebaanweg, Cape P r o v i n c e , lacks ectostylids, too, but has proto

stylids (unl ike i n Equus). D r . Bret t H e n d e y (personal communicat ion) i n 

forms me that the larger part of a Hipparion s k u l l recently recovered at 

Langebaanweg shows that it is very d i f ferent f r o m the type of H. turkanense, 
most s t r i k i n g l y i n that it has a pronounced preorbita l fossa. T h e Langebaan

w e g Hipparion appears to represent a species i n its o w n right, and it m a y 

henceforth be designated as Hipparion baardi Boné & S inger . T h e age o f 

the Langebaanweg f o r m of " E " Q u a r r y , w i t h Ceratotherium praecox H o o i j e r 

& Patterson (1972) as the most abundant large element ( H o o i j e r , 1972), 

ranges somewhere i n the 7 to 4 m i l l i o n year interval : this is the k n o w n 

temporal range of C. praecox ( M p e s i d a Beds to M u r s i F o r m a t i o n : H o o i j e r , 

1973: 169). 

T h e f i rst appearance of Hipparion i n land m a m m a l populations of the 

northern hemisphere is one o f the best documented biochronological events 

of the Neogene: the genus appears f i rst i n the M e d i t e r r a n e a n w o r l d about 

12.5 m i l l i o n years ago ( E v e r n d e n , Savage, C u r t i s & James, 1964: 167; V a n 

C o u v e r i n g & M i l l e r , 1971; V a n C o u v e r i n g , 1972: 256) . I n F r a n c e (Guérin, 

M e i n , P h i l i p p e & T r u c , 1972) its f irst appearance is M i d d l e to U p p e r " H e l 

v e t i a n " ( a n t e - " T o r t o n i a n " ) . 

T h e evidence available to date supports a 10.5 m i l l i o n year age f o r the 

base stratotype T o r t o n i a n ( V a n C o u v e r i n g , i n B i s h o p & M i l l e r (edi tors) , 

1972: 4 4 5 ) . T h i s means that the Hipparion datum of 12.5 m i l l i o n years is 

some 2 m i l l i o n years before the T o r t o n i a n ; i n the V a l l e s i a n , the dates being 

what they are, o r appear to be. 

I n A s i a , Hipparion appears f irst i n the N a g r i F o r m a t i o n of the S i w a l i k 

H i l l s ( S i m o n s , P i l b e a m & B o y e r , 1971), about 12 to 10 m i l l i o n years ago. 

H u s s a i n (1971) described the N a g r i F o r m a t i o n Hipparion as Hipparion 
nagriensis. H o w e v e r , this appears to be a clear s y n o n y m of Hipparion primi-
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geniutn: the cheek teeth display the v e r y characteristic pattern, a n d are o f 

the size o f those i n this species (cf . H u s s a i n , 1971: 49, 50, pis. 1, 2, a n d 

Sondaar, 1961: 273, figs. 21, 2 2 ) . H u s s a i n (1971: 51) d i d notice the resem

blance of H. nagriensis to Hipparion catalaunicum P i r l o t a n d H. koenigswaldi 
Sondaar both o f w h i c h are synonymous w i t h H. primigenium ( F o r s t e n , 

1968: 14, 15). 

I n N o r t h A f r i c a the earliest H i p p a r i o n is H. primigenium: i t was de

scribed as Hipparion africanum A r a m b o u r g (1959: 75, diagnosis: 95) f r o m 

the V a l l e s i a n o f W a d el H a m m a n (also k n o w n as B o u H a n i f i a ) and M a r c e a u 

i n A l g e r i a , a n d further occurs at C a m p B e r t e a u x ( M e l k a el O u i d a n e ) i n 

M o r o c c o ( A r a m b o u r g , 1959: 9 5 / 9 6 ) . T h i s ident i f i cat ion was st i l l upheld i n 

1970 ( A r a m b o u r g , 1970: 9 5 ) , although F o r s t e n (1968: 15) h a d already 

synonymized africanum w i t h primigenium. H. primigenium has since been 

recorded f r o m the V a l l e s i a n B e g l i a F o r m a t i o n o f T u n i s i a ( F o r s t e n , 1972). 

V a n C o u v e r i n g (1972: 249) placed B o u H a n i f i a at about 11.5 m i l l i o n years, 

and M e l k a el O u i d a n e at about 7.5 m i l l i o n years, i n w h i c h he was fo l lowed 

b y Jaeger, M i c h a u x & D a v i d (1973) . 

T h e discovery of Hipparion primigenium i n the N g o r o r a F o r m a t i o n o f 

K e n y a , w h i c h is between 12 a n d 9 m i l l i o n years o ld , greatly reduces the t ime 

lag once supposed to exist between the f i rs t appearance of Hipparion south 

o f the S a h a r a a n d that north o f the same; it is probably of l i tt le o r no 

geological s ignif icance. 

Teeth indist inguishable f r o m Hipparion primigenium have already been 

described f r o m K a n a p o i , i n K e n y a , a n d there is a juveni le s k u l l , w i t h a 

preorbital fossa a n d teeth o f the H. primigenium type, f r o m E k o r a , also i n 

K e n y a , s h o w i n g that the species l ingered o n i n sub-Saharan A f r i c a t i l l the 

4 m i l l i o n year level ( H o o i j e r & M a g l i o , 1974). T h e r e is material perta ining 

to this species f r o m the C h e m e r o n F o r m a t i o n (between 5.4 a n d 2 m i l l i o n 

years o l d ) , a n d f r o m the A t e r i r B e d s (4 m i l l i o n years o l d ) , described i n 

the present paper. I n the lowers the ectostylid occasionally reaches a height 

o f 45-50 m m , as i t does i n the K a n a p o i hemimandible as w e l l as i n a juveni le 

hemimandible f r o m L o t h a g a m ( H o o i j e r & M a g l i o , 1974). W e interpret this 

mater ia l as a n advanced Hipparion primigenium i n w h i c h , contrary to the 

development i n E u r a s i a ( F o r s t e n , 1968: 2 4 ) , the ectostylid continued to 

develop since the V a l l e s i a n . T h i s m a y have led to the emergence o f "Stylo
hipparion" i n the V i l l a f r a n c h i a n o f A f r i c a , the cu lminat ion of evolution i n 

the genus Hipparion. W e f i n d i t i n its typical development i n N o r t h A f r i c a , 

E t h i o p i a ( S h u n g u r a F o r m a t i o n f r o m M e m b e r F o n u p ) , T a n z a n i a ( O l d u v a i 

G o r g e ) , a n d i n southern A f r i c a i n c l u d i n g the famous australopithecine sites 

S w a r t k r a n s , K r o m d r a a i , and Makapansgat . 
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Fig. ι. The major equid sites in East Africa. 
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T h e vert ical distr ibut ion of Hipparion primigenium i n o u r interpretation 

of this species i n subSaharan A f r i c a is the same as that of Brachypotherium 
lewisi H o o i j e r & Patterson (1972; H o o i j e r , 1973: 153): f r o m the N g o r o r a 

F o r m a t i o n u p into L o t h a g a m H i l l , M e m b e r C , the 4 m i l l i o n year level. 

I n S o u t h A f r i c a , there is a n interesting but unfortunately not w e l l  k n o w n 

Hipparion seemingly representing an E a r l y Pl iocene stage; i t was described 

as Notohipparion namaquense H a u g h t o n (1932) f r o m an undated site i n N a 

maqualand. B o t h V a n H o e p e n (1932: 31) a n d D i e t r i c h (1942: 99) regard 

it as m o r e p r i m i t i v e than Stylohipparion, w h i c h it undoubtedly is . Cooke 

(1950: 426) concedes that it may have a bearing o n these advanced, 

Pleistocene forms. Boné & S i n g e r (1965: 389) place it i n the s y n o n y m y of 

Hipparion libycum P o m e l of the V i l l a f r a n c h i a n of N o r t h A f r i c a , w h i c h is 

not jus t i f ied . T h e ectostylid development i n Hipparion namaquense is clearly 

weaker than i n Stylohipparion: ectostylids show occlusally i n P 4 and Mlt 

w h i c h are w o r n to 2.5 c m of height, i n M 2 , w o r n to 3 c m of height, whi le 

the M 3 , w o r n to 3.5 cm of height, does not show it occlusally. I n ectostylid 

development the N a m a q u a l a n d mandibular teeth (the only teeth k n o w n ) are 

sl ightly i n f e r i o r to those of the Hipparion of the L o w e r S h u n g u r a F o r m a t i o n , 

part icular ly a mandible f r o m S h u n g u r a M e m b e r B11 described i n the present 

paper. T h e caballoid enamel conf igurat ion resembles that of the S h u n g u r a 

f o r m closely. 

Hipparion baardi Boné & S i n g e r (1965) f r o m Langebaanweg, Cape P r o v 

ince, is characterized by the absence of ectostylids by a m o l a r c r o w n height 

of some 7 c m , and the enamel pattern of the molars (except the most w o r n 

ones) is rather complex. Ptychostyl ids are m a r k e d l y developed. A b o v e a l l , 

H. baardi has a pronounced preorbital fossa ( Q . B . H e n d e y , i n l i t t . ) . A 

symphysia l p o r t i o n of the mandible shows that the t h i r d i n c i s o r is not 

reduced, unl ike i n "Stylohipparion" but as i n H. primigenium. Some entire 

median metacarpals (none were recorded i n the o r i g i n a l publ icat ion) w i l l 

be reported upon i n the section on the postcranials f r o m O l d u v a i G o r g e . 

T h e skul l of Hipparion turkanense H o o i j e r & M a g l i o (1973, 1974) f r o m 

L o t h a g a m i n K e n y a has no preorbita l fossa and moderately plicated molars . 

T h e anteroposteriorly oriented enamel borders are w r i n k l e d . T h e re ferred 

lower cheek teeth have w r i n k l e d enamel external ly and i n the f lex ids , no 

ectostylids, and the ptychostylids are masked by the conspicuous enamel 

w r i n k l i n g (unl ike i n H. baardi). 
Hipparion turkanense seems to have emerged i n A f r i c a south of the Sahara 

some 7 m i l l i o n years ago ( M p e s i d a Beds of K e n y a ) , possibly representing an 

invasion f r o m A s i a i n L a t e M i o c e n e times. It also occurs i n the L u k e i n o 

F o r m a t i o n (o l im K a p e r y o n B e d s ) of K e n y a , ca 6 m i l l i o n years, a n d i n the 
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M u r s i F o r m a t i o n of southern E t h i o p i a (dated at 4 m i l l i o n y e a r s ) , as w i l l be 

recorded below. Its temporal range coincides w i t h that of Ceratotherium 
praecox H o o i j e r & Patterson (1972; H o o i j e r , 1973: 168). 

I n a l l , then, I d is t inguish f o u r pre-Pleistocene species of Hipparion i n sub-

Saharan A f r i c a . These are Hipparion primigenium, Hipparion namaquense, 
Hipparion baardi, and Hipparion turkanense. 

I n addit ion, there are var ious forms o f Hipparion o f rather smal l size, i n 

d i f f e r e n t parts of the range, and none of w h i c h represented by a skul l . These 

forms are d i f f i c u l t to classify o n the materia l avaiíable: they present problems 

o f nomenclature. I f the small teeth cannot be told apart, w h y then give them 

separate names? I n one case i t was possible to establish a s igni f icant d i f f e r 

ence i n hypsodonty. D o these forms represent points on a chronocline, a 

lineage, or d i d they evolve independently? A r e they specif ical ly the same? 

These questions are h a r d to solve, and others may disagree w i t h the solution 

of fered. A case i n point is the w e l l - k n o w n Hipparion matthewi A b e l (1926a: 

163; 1926b: 432, f ig . 273) o f the P i k e r m i a n o f Samos, w h i c h has a length 

P 2 - M 3 o f on ly 110-112 m m ( F o r s t e n , 1968: 125). T h e r e is also Hipparion 
elegans G r o m o v a of the P i k e r m i a n of P a v l o d a r i n S i b e r i a , w h i c h has a 

P 2 - M 3 length of 133-137 m m ( G r o m o v a , 1952: 183). H. elegans has been 

tentatively referred to H. matthewi because of its size ( F o r s t e n , 1968: 5 3 ) : 

the Samos skulls are aged, w i t h senile a n d thus anteroposteriorly short teeth, 

whi le skulls measured by G r o m o v a al l belong to rather y o u n g indiv iduals 

( i n two o f them M 3 is on ly just e r u p t i n g ) , and the toothrows accordingly 

are at the ir longest ( F o r s t e n , 1968: 5 8 / 5 9 ) . W e had a smal l Hipparion at 

L o t h a g a m , K a n a p o i and E k o r a , and we called it Hipparion cf. sitifense P o m e l 

( H o o i j e r & M a g l i o , 1974: 2 7 ) . T r u e Hipparion sitifense is a N o r t h A f r i c a n 

species, just p r e - V i l l a f r a n c h i a n , around the 3 m i l l i o n year level, and, there

fore, later than the material we compared it w i t h f r o m south of the Sahara , 

w h i c h is i n the 6 to 4 m i l l i o n year range. I t probably occurs i n the " E a r l i e r " 

h o r i z o n of the K a i s o F o r m a t i o n i n U g a n d a , between L o t h a g a m and K a n a p o i 

i n age, and at Bethlehem i n Israel , a very early V i l l a f r a n c h i a n fauna ( H o o i j e r 

& M a g l i o , 1974: 27-29) . T h e r e is also small Hipparion i n the L u k e i n o 

F o r m a t i o n and i n the C h e m e r o n F o r m a t i o n , and i n the O m o G r o u p deposits, 

the latter def initely more hypsodont than the L o t h a g a m - K a n a p o i f o r m . T h i s 

w i l l be described i n the present paper. 

T h e Hipparion f r o m O l d u v a i G o r g e i n T a n z a n i a , "Stylohipparion" auc-

t o r u m , most fortunately is represented b y t w o skulls f r o m B e d I I at O l d u v a i , 

to be described i n the present paper. I n the U p p e r O m o g r o u p deposits i n 

southern E t h i o p i a there is a f o r m that is dental ly indist inguishable, and that 

was described as Hipparion ethiopicujn (Joleaud, 1933: 7 ) . T h i s is the 
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advanced, V i l l a f r a n c h i a n Hipparion f o u n d i n several parts o f A f r i c a , f r o m 

n o r t h to south, very hypsodont, w i t h very well-developed ectostylids, a n d 

reduced lateral incisors . A s D i e t r i c h (1942: 99) surmised, "Stylohipparion" 
is not a genus i n its o w n r ight , a n d H. namaquense or some such f o r m m a y 

be ancestral to it. I n the L o w e r O m o G r o u p deposits there are indicat ions 

of increase i n c r o w n height a n d ectostylid development w i t h t ime, as w i l l 

be documented below. 

Hipparion primigenium ( V o n M e y e r ) 

Geological m a p p i n g i n the B a r i n g o area o f K e n y a by the E a s t A f r i c a n 

Geological Research U n i t ( E A G R U ) based at B e d f o r d College, U n i v e r s i t y 

of L o n d o n , under the direct ion of P r o f e s s o r B . C . K i n g a n d D r . W . W . 

B i s h o p , has led to the discovery o f the earliest Hipparion south o f the Sahara . 

Some isolated teeth of Hipparion were f i rst f o u n d i n the M p e s i d a Beds , 

dated at 7 m i l l i o n years ( B i s h o p & C h a p m a n , 1970: 917; B i s h o p , C h a p m a n , 

H i l l & M i l l e r , 1971: 391; B i s h o p , 1972: 228; H o o i j e r & M a g l i o , 1973: 

311), but continued research uncovered Hipparion remains i n the N g o r o r a 

F o r m a t i o n , w h i c h is between 12 and 9 m i l l i o n years o ld ( B i s h o p , 1972: 2 3 0 ) . 

T h i s materia l , to be described below, represents the p r i m o r d i a l Hipparion 
of the O l d W o r l d , Hipparion primigenium ( V o n M e y e r ) . 

T h e N g o r o r a F o r m a t i o n rhinocerotids have already been reported u p o n , 

and represent Brachypotherium lewisi H o o i j e r & Patterson (see H o o i j e r & 

Patterson, 1972: 17; H o o i j e r , 1973: 153), Aceratherium acutirostratum 
(Deraniyagala) c.q. Dicerorhinus leakeyi H o o i j e r (see H o o i j e r , 1971: 3 6 4 ) , 

and Chilotheridium pattersoni H o o i j e r (see H o o i j e r , 1971: 360-362, 3 6 5 ) . 

Brachypotherium lewisi ranges f r o m N g o r o r a to L o t h a g a m H i l l , M e m b e r C , 

12- to 4 m i l l i o n years ago. Aceratherium acutirostratum and Dicerorhinus 
leakeyi range f r o m the E a r l y M i o c e n e on u p : the latest occurrence o f Dice
rorhinus leakeyi is i n the C h e m e r o n F o r m a t i o n (between 5.4 and 2 m i l l i o n 

years: B i s h o p , 1972: 2 3 0 ) , possibly as reworked material ( H o o i j e r , 1973: 

155-156). Chilotheridium pattersoni ranges f r o m L o p e r o t to N g o r o r a , 18 

to 12- m i l l i o n years ago. T h u s , at N g o r o r a we have the latest Chilotheridium 
and the earliest Brachypotherium lewisi. 

T h e N g o r o r a F o r m a t i o n Hipparion material comprises not only cheek teeth 

but also incisors, some i n situ, a n d some postcranial bones. T h e incisors w i l l 

be dealt w i t h f irst . 

A n I 2 and I 3 s in . i n situ a p r e m a x i l l a r y f ragment f r o m N g o r o r a , K N M -

B N 1154 (p i . 2 f i g . 5 ) , show that I 3 was not reduced i n size as compared 

to I 2 as it becomes i n the later, Pleistocene, Hipparion. I 2 is w o r n d o w n to 

approximate ly 20 m m f r o m the c r o w n base. It lacks the apex of the root, 
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w h i c h was about 30 m m long. I 3 has the entire root; the c r o w n is w o r n to 

about 20 m m f r o m its base, a n d the root length is 30 m m . T h e c r o w n w i d t h 

at the occlusal surface is 18 m m for I 2 , a n d 19 m m for I 3 ; labiol ingual ly 

the diameter is 11.5 m m f o r I 2 , and 10.5 m m f o r I 3 . T h e cup is large i n both, 

the medial t h i r d very nearly constricted o f f i n I 2 , and cement-f i l led; there 

is a very weak longitudinal groove external ly , and a m e d i a n internal de

pression. A small canine, not more than 10 m m anteroposteriorly and about 

6 m m transversely, is i n s i tu i n the p r e m a x i l l a r y , placed 25 m m behind the 

I 3 . T h e upper incisors of H. primigenium f r o m W a d el H a m m a n described 

b y A r a m b o u r g (1959: 79-80) are of the same shape and size. I n the A l g e r i a n 

f o r m the canine is 13 by 9 m m i n diameters, and the I 3 - C interva l is 28-31 

m m . I n the type skul l o f Hipparion turkanense f r o m L o t h a g a m I 3 is not 

reduced i n size relative to I 2 , and the canine is 8 by 5 m m i n diameters, placed 

30 m m behind I 3 ( H o o i j e r & M a g l i o , 1974: 9 / 1 0 ) . It is rather probable that 

these laterally compressed canines indicate the male sex: i n the females o f 

the P i k e r m i h i p p a r i o n the canines are smaller, and r o u n d i n section ( P i r l o t , 

1952). 

F r o m the A t e r i r Beds there are port ions of both premaxi l lar ies , K N M - A T 

153-154, associated w i t h cheek teeth indist inguishable f r o m those o f H. pri
migenium. I 3 is not reduced i n size as compared to I 2 . U n f o r t u n a t e l y , the 

two central incisors are not preserved, but I 2 and I 3 dext. are i n s i tu , s l ightly 

damaged mesial ly; I 3 s in . is entire, and I 2 s in . b r o k e n o f f i n its alveolus 

( p i . 2 figs. 2-3). T h e c r o w n s of the A t e r i r Beds incisors are w o r n d o w n 

to about 25 m m f r o m their bases. T h e w i d t h at the oblique occlusal surface 

of I 3 is 17 m m , and the basal widths are 12 m m f o r I 2 a n d 13 m m for I 3 . 

T h e labio- l ingual diameters of I 2 and I 3 are 12, and 11 m m , respectively. 

T h e lower incisors i n the N g o r o r a collection, apart f r o m fragments ( K N M -

B N 1124 and 1212), are represented b y a n I 2 s in . , K N M - B N 1211, m u c h 

w o r n and w a n t i n g the root. T h e transverse diameter at the occlusal surface 

is nearly 18 m m , the labio- l ingual diameter 11.5 m m . A t the base of the 

c r o w n these diameters are 12.5, and 12.0 m m , respectively, the c r o w n thus 

assuming a nearly r o u n d cross section at base. T h e height of the c r o w n as 

preserved is barely 15 m m . 

T h e best preserved u p p e r cheek tooth f r o m N g o r o r a , K N M - B N 1119 

( p i . 3 f ig . 1) is a P 3 or P 4 dext. T h e parastyle is broad, broader than the 

mesostyle, as is the rule i n premolars, a n d the occlusal surface falls o f f 

anter ior ly . T h e c r o w n is w o r n to a height of only 2 c m internal ly , and 3.5 

c m externally. T h e isolated protocone measures 8.5 m m anteroposteriorly, 

and 5.5 m m transversely; the whole c r o w n measures 27.5 anteroposteriorly, 

a n d the transverse diameter is exactly the same w h e n measured over meso-
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style a n d protocone occlusally, but 30.0 m m inclusive o f the cement that 

covers the protocone internal ly . T h e caballine f o l d is duplicated, a n d each o f 

the two folds is forked. T h e pl icat ion pattern of the fossettes is extremely 

complex, w i t h no less than eight pl is i n the posterior border of the prefossette 

( i n c l u d i n g the p l i protoconule) a n d i n the anter ior border o f the postfossette 

( i n c l u d i n g the p l i post fossette). I n the prefossette there are s i x anterior pl is , 

a n d i n the postfossette there are four posterior pl is . T h e hypoglyph is n a r r o w 

but not yet obliterated. F r a g m e n t a r y upper cheek teeth also f r o m N g o r o r a 

( K N M - B N 1205 and 1208), a left premolar a n d molar , respectively, lack 

the internal port ions o f the c r o w n but show the same complex fossette 

pl icat ion pattern. A number o f smal l c r o w n fragments ( K N M - B N 1116, 

1206, and 1207) c o n f o r m . 

T h e fossette pl icat ion pattern observed i n the N g o r o r a cheek teeth is that 

of Hipparion primigenium ( V o n M e y e r ) , the p r i m o r d i a l O l d W o r l d Hip
parion. T h e upper dentitions f r o m W a d el H a m m a m described as H. afri
canum by A r a m b o u r g (1959: 82, f i g . 36 Α - C , p l . X f i g . 3, p l . X I f i g . 3, 

p l . X I I I f ig . 2) , as w e l l as those f r o m E s s e l b o r n i n G e r m a n y and N o m -

brevi l la i n S p a i n (Sondaar , 1961: 248, f i g . 21 Α - C ; the N o m b r e v i l l a d e n 

titions described as H. koenigswaldi Sondaar, as s y n o n y m of H. primigenium: 
F o r s t e n , 1968: 15) have deep fossette pl ications, those o n the a d j o i n i n g 

borders of pre- a n d postfossette especially n a r r o w and almost paral lel . T h e 

pattern is rather even a n d seems to f i l l the whole fossette. T h e resemblance 

of the N g o r o r a teeth to those of E u r o p e a n d A l g e r i a , a n d of the K a n a p o i 

dent i t ion already described ( H o o i j e r & M a g l i o , 1974, p l . 3) is as close as 

one could w i s h i t to be. 

T h e lower cheek teeth f r o m N g o r o r a are l ikewise indist inguishable f r o m 

those of H. primigenium. T h e r e are Ρ 2 - Μ χ dext. , and P 3 - P 4 s in. of the 

same mandible i n situ i n body fragments, K N M - B N 1117 ( p i . 1), excel

lently preserved. T h e metaconid a n d the metastyl id are rounded, the meta-

styl id tends to f o r m a point posteriorly , most m a r k e d i n P 3 . T h e metaconid-

metastylid val ley is shallow i n the premolars , a n d deeper i n M x . T h e r e is 

m u c h resemblance between the N g o r o r a lower denti t ion a n d that o f Hip
parion "africanum" ( = primigenium) f r o m W a d el H a m m a n as f igured by 

A r a m b o u r g (1959: 84). I n the premolars the entof lexids are larger than 

those i n the molar , as usual : i n the molars the external groove between 

protoconid and hypoconid extends further t o w a r d the internal valley, between 

metaconid and metastyl id, than i n the premolars. T h e metaf lex id and ento-

f l e x i d borders are weakly w r i n k l e d . T h e r e are v e r y m a r k e d protostyl ids, and 

traces of ptychostyl ids, but ectostylids do not show. These m a y wel l be 

hidden i n the thick cement that covers the teeth: this was the case w i t h the 
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K a n a p o i P 4 and M 2 before the cement was removed ( H o o i j e r & M a g l i o , 

1974, p l . 6 f igs. 1-2). T h e ectostylids never extend u p w a r d to the top of 

the c r o w n , not even i n the most advanced hipparions, but are short b y some 

10 m m o r more. Ectosty l ids are frequent i n H. primigenium a n d d i f f e r i n 

frequency i n the local populations: F o r s t e n (1968: 24) f o u n d that the 

frequency o f occurrence of ectostylids m a y v a r y f r o m 14 to 1 0 0 % i n the 

premolars , a n d f r o m 24 to 7 1 % i n the molars . A r a m b o u r g (1959: 84) d i d 

not observe them i n the teeth of H. primigenium f r o m W a d el H a m m a m 

but these were teeth i n s i tu and ectostylids m a y have developed just the same 

although they are not exposed. A s a matter of fact there is a damaged and 

incomplete r ight lower cheek tooth f r o m N g o r o r a , K N M - B N 1283 ( p i . 3 f ig . 

2 ) , o f w h i c h the external cement has been removed i n part , a n d this tooth 

shows a n ectostylid, e x t e n d i n g 15 m m u p w a r d (above the front of the M 

i n the photograph) . C e m e n t is profusely developed on the cheek teeth: the 

P 4 measures 18.5 m m transversely, cement included, a n d o n l y 14.5 m m 

across the enamel outer and inner borders. T h e anteroposterior diameters 

o f the cheek teeth are reduced as a result of i n t e r p r o x i m a l wear, but are 

30 m m f o r P 2 , 27 m m f o r P 3 and P 4 , a n d 25 m m for Mt, f igures that tal ly 

wel l w i t h those of H. primigenium i n the l iterature, i n c l u d i n g those of the 

K a n a p o i hemimandible. A l t h o u g h cranial material is so far lack ing , I have no 

doubt that the N g o r o r a Hipparion represents H. primigenium. N o teeth were 

f o u n d i n the collection f r o m the N g o r o r a F o r m a t i o n that represent o r re

semble those of Hipparion turkanense o f the M p e s i d a Beds a n d Lothagam-1 , 

to ment ion only the earliest occurrences. 

A m o n g the postcranial bones f r o m N g o r o r a there is f i rst of a l l the 

p r o x i m a l phalanx of a t h i r d digit , K N M - B N 1202 ( p i . 3 f igs. 5-6). A r a m 

b o u r g (1959) had only juveni le phalanges of H. primigenium f r o m W a d 

el H a m m a m , but F o r s t e n (1972) records s i x f irst phalanges of this species 

f r o m the B e g l i a F o r m a t i o n i n T u n i s i a , a n d the N g o r o r a phalanx I, w i t h 

a volar length of 54 m m a n d a least shaft w i d t h of 30 m m , is w i t h i n the 

l imits of these (volar length 50-56 m m ; least w i d t h 27-33 m m ) - T h e N g o r o r a 

phalanx is a typical Hipparion p r o x i m a l phalanx, lacking the characteristic, 

l o n g V - s h a p e d l igamentary scar of its homologue i n Equus. It i s on ly shorter 

than the p r o x i m a l phalanx of the t h i r d digit i n the O l d u v a i Hipparion cf. 

ethiopicum, w h i c h varies i n volar length f r o m 63 to 73 m m by a least shaft 

w i d t h of 27 to 36 m m . 

T h e p r o x i m a l end of a right metacarpal I I , K N M - B N 1344, is u n 

mistakable because of the smal l m a g n u m facet i n between the p r o x i m a l facet 

a n d that for metacarpal I I I , a n d measures 14 by 19 m m , exactly as i n 

H. primigenium f r o m W a d el H a m m a m ( A r a m b o u r g , 1959: 8 8 ) . 
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T h e r e are further, i n the N g o r o r a collection, two entire carpals, v i z . , a 

scaphoid dext . ( K N M - B N 1343), a n d a l u n a r s i n . ( K N M - B N 1296). 

A c c o r d i n g to H o p w o o d (1942: 81-86)) i t is d i f f i c u l t to separate these bones 

of Hipparion f r o m those i n recent and foss i l Equus. T h e scaphoid o f Hip
parion d i f f e r s f r o m that of Equus i n the shape of the i n f e r i o r facet f o r the 

lunar , a n d this is only a semi-constant d i f ference, w h i l e the o n l y di f ference 

between the l u n a r o f Hipparion and that o f Equus is that the distal recess 

f o r the posterior project ion o f the m a g n u m is smaller i n the f o r m e r than 

i n the latter. T h e measuremens o f the N g o r o r a bones are g i v e n i n table 1. 

T A B L E I 

Measurements o f scaphoid a n d l u n a r of 

H. primigenium, N g o r o r a ( m m ) 

scaphoid lunar 

Anterior height 31.5 25 
Proximal width 30 25 
Distal width 28 20 
Distal ant. post, diameter 44 31 

T h e upper premolars a n d molars of the A t e r i r Beds , K N M - A T 150-152 

( p i . 2 f igs, ι and 4) have the primigenium pattern, w h i c h strikes the eye 

once i t is recognized. T h e r e are P 2 - M * dext. ( K N M - A T 150), P 2 3 s i n . 

( K N M - A T 151), and M 3 s i n . ( K N M - A T 152), a l l evidently o f the same 

i n d i v i d u a l to w h i c h belonged the p r e m a x i l l a r y port ions w i t h the incisors 

already dealt w i t h above. T h e measurements a n d pl icat ion counts are g i v e n 

i n tables 2 a n d 3. S ince the m a x i l l a r y port ions h o l d i n g these teeth are i n 

complete external ly it is possible to give the external height o f some: P 2 , 

4.5 c m ; P 4 , 5.5 cm, a n d M 3 , 6 cm. 

T A B L E 2 

D e n t a l measurements o f H. primigenium, A t e r i r , 

K N M - A T 150-152 ( m m ) 

ant. post. 35 M 1 , ant. post. 25 
transv. 25.5 transv. 26 
protocone, ant. post. 9 protocone, ant. post. 8,5 

transv. 4 transv. 4 
ant. post. 27.5 M 3 , ant. post. 22 

transv. 29 transv. 20 

protocone, ant. post. 10 protocone, ant. post. 95 
transv. 4 transv. 3-5 

ant. post. 27 
transv. 29* 
protocone, ant. post. 10 

transv. 4.5 
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T A B L E 3 

P l i c a t i o n numbers o f upper teeth o f H. primigenium, A t e r i r , 

K N M - A T 150-152 

prefossette postfossette pli caballin 
ant. post. ant post. 

p2 5 6-7 5-6 1-2 2 
P3 6-7 7-8 6 2 1-2 
p4 5 8 6 2 I 
M i 6 7 6 3 I 
M3 3 3 3 I I 

A m o n g the material f r o m the C h e m e r o n F o r m a t i o n , local i ty J . M . 493, 

there are an M 1 dext., an M 2 s in . , a n d M 3 dext. evidently o f the same i n 

d i v i d u a l , K N M - B C 367 ( 1 ) , ( 2 ) , a n d ( 3 ) . T h e M 1 is v e r y w e l l preserved 

( p i . 3 f i g . 4 ) , a n d its c r o w n is w o r n to a height o f 5 c m external ly . T h e M 2 

lacks the mesostyle ( p i . 6 f i g . 5 ) , the M 3 has part of the mesostyle at the 

base, but lacks the metastyle. T h e i r bases are incomplete but the crowns are 

less w o r n than that o f M 1 a n d thus were somewhat higher. T h e C h e m e r o n 

dent i t ion is w o r n to the same extent as that f r o m A t e r i r , but less w o r n than 

that f r o m K a n a p o i , K N M - K P 43 i n w h i c h M 1 is w o r n to a height o f 36 m m 

o n l y ( H o o i j e r & M a g l i o , 1974: 13, p l . 3 ) . T h e great depth o f the fossette 

border pl is fore a n d aft, the absence o f w r i n k l i n g i n the i n n e r a n d outer 

borders of the fossettes, a n d the n a r r o w protocones are exact ly the same 

i n the three dentit ions, a n d I do not hesitate to refer the C h e m e r o n upper 

T A B L E 4 

D e n t a l measurements o f H. primigenium, 
C h e m e r o n , K N M - B C 367 ( m m ) 

M 1 , ant. post. 24 
transv. 24 
protocone, ant. post. 8 

transv. 4 

M 2 , ant. post. 23.5 
transv. — 
protocone, ant. post. 8.5 

transv. 4 
M 3 , ant post. 23 

transv. 21 
protocone, ant. post. 9 

transv. 3.5 

cheek teeth to H. primigenium. Measurements a n d pl icat ion numbers of the 

C h e m e r o n M 1 3 are presented i n tables 4 a n d 5. 

2 
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T A B L E 5 

P l i c a t i o n numbers of upper teeth of H. primigenium, 
Chemeron, K N M - B C 367 

prefossette postfossette 

ant. post. ant. post. pli caballin 

M i 
M2 
M 3 

6 9 
5 8 
6 4 

7 5 
5 3 
4 3 

ι 
I 
I 

T h e lower cheek teeth associated w i t h the uppers just mentioned are an 

M x o r M 2 dext., K N M - B C 367 ( 4 ) , a n d M x o r M 2 s in . , K N M - B C 367 (5) 

(p i . 4 figs. 1-2, p i . 5 f i g . 6 ) . These teeth, f r o m locality J . M . 493, have a 

deeper metaconid-metastyl id val ley than the N g o r o r a teeth, a n d the meta

s ty l id especially is t r iangular rather than rounded. T h u s they display more 

the cabal loid type o f the tie (i.e., metaconid a n d metastylid) than the h i p -

p a r i o n i d type, w i t h its typical ly rounded loops, separated by a wide a n d 

shal low valley. I n the r ight lower molar , K N M - B C 367 ( 4 ) , w h i c h is i n 

complete at base but at least 45 m m h i g h as w o r n , there is a n ectostylid 

extending to the occlusal surface and measur ing 4 m m anteroposteriorly. I n 

the left M i - 2 , w h i c h is w o r n to 4 0 m m o f height, the ectostylid is less devel

oped a n d near ly ent ire ly h i d d e n i n the cement: at the occlusal surface it 

presents an enamel r i n g 2 m m i n diameter. I n both of the molars there is 

a distinct protosty l id , somewhat damaged apical ly but as m a r k e d as that 

i n the N g o r o r a teeth, a n d a weak ptychostyl id . T h e c r o w n diameters are 
2 4 · 5 by 15 m m (without the external cement) f o r the r ight, and 27 by 17 m m 

f o r the left molar . 

A left lower deciduous m o l a r just touched b y wear, K N M - B C 368 ( p i . 15 

f ig . 4 ) f r o m the same local i ty i n the C h e m e r o n F o r m a t i o n ( J . M . 4 9 3 ) , base 

incomplete, has a strongly developed protosty l id , and, as i s i n v a r i a b l y the 

case i n m i l k molars , an ectostylid, w h i c h remains 10 m m below the t ip of 

the hypoconid . I t measures 30 b y 14 m m i n c r o w n diameters. 

T h r e e specimens of P 3 o r P 4 s in . are i n collections f r o m other localities 

i n the C h e m e r o n F o r m a t i o n : one, labelled 1/996, has the number K N M - B C 

454; the second is numbered 1/998 a n d is K N M - B C 455, a n d the t h i r d 

bears the n u m b e r 1/2002 a n d is K N M - B C 1158. I n a l l o f them there is a n 

ectostylid: i n K N M - B C 454, w h i c h is w o r n to a height o f 4 0 m m external ly , 

the t ip is just exposed i n the cement, and its total height is 38 m m ; i n K N M -

B C 455, a c r o w n port ion 30 m m h i g h but w i t h the base incomplete, i t is 

seen a l l a long the height, being 4 m m anteroposteriorly below and 2.5 m m 

above, whi le i n K N M - B C 1158, 47 m m h i g h as w o r n , the ectostylid is there 
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a l l along, too, a n d 5 m m anteroposteriorly above. T h u s , the ectostyl id varies 

somewhat i n dimensions. Protosty l ids are present i n a l l the premolars , a n d 

the ptychostyl id can be observed except i n K N M - B C 454. T h e metastyl id 

loop is t r iangular , that of the metaconid also i n K N M - B C 1158, a n d the 

metaconid-metastylid val ley is rather deep. T h e anteroposterior diameter o f 

the crowns o f P 3 . 4 s i n . is 26-27.5 m m , the transverse 15-17.5 m m , depending 

upon the amount o f cement: i n K N M - B C 455 there is no external cement, 

and the w i d t h , therefore, is m i n i m a l . 

A v e r y s l ight ly w o r n P 3 o r P 4 dext. , K N M - B C 1132, has a c r o w n height 

of 70 m m ; the anteroposterior diameter is 29 m m apically, but o n l y 25 m m 

just below the middle o f the height, g i v i n g a height/length i n d e x o f 280. 

T h i s f igure d i f f e r s v e r y s l ight ly f r o m that f o r the height/length i n d e x of 

a L o t h a g a m M x (300: H o o i j e r & M a g l i o , 1974: 19) that w e re ferred to 

Hipparion primigenium. T h e ectostyl id terminates i n the top 15 m m o f the 

c r o w n , a n d at the base i t measures 4 m m anteroposteriorly. P r o t o - a n d 

ptychostyl id do show occlusally. 

Recent ly , A g u i r r e & A l b e r d i (1974) r e f e r r e d the C h e m e r o n F o r m a t i o n 

teeth f r o m local i ty J . M . 493, uppers as w e l l as lowers, to Stylohipparion 
libycum. I do not t h i n k his ident i f i cat ion is jus t i f i ed , f o r the c r o w n a n d the 

ectostylid are higher i n the advanced, Pleistocene Hipparion, "Stylohip
parion", that w e f i n d i n the O l d u v a i G o r g e as w e l l as i n the O m o G r o u p 

deposits f r o m S h u n g u r a M e m b e r F o n up. I re fer t h e m to Hipparion 
primigenium just as we d i d the K a n a p o i a n d L o t h a g a m hemimandibles 

( H o o i j e r & M a g l i o , 1974), i n w h i c h the ectostyl id height is some 45 t o 45 m m . 

T h i s i s an H. primigenium m o r e advanced than the V a l l e s i a n , i n w h i c h the 

ectostylids are not so h i g h , although i n hypsodonty it does not exceed the 

earl ier f o r m . I f we interpret the post -Val les ian L o t h a g a m , K a n a p o i , A t e r i r 

Beds , a n d C h e m e r o n F o r m a t i o n specimens here described as an H. primi
genium that cont inued to develop the ectostylid, the development o f H. 
primigenium i n sub-Saharan A f r i c a is d i f f e r e n t f r o m that i n E u r a s i a : i t 

seemed to F o r s t e n (1968: 24) that the ectostyl id as w e l l as the protosty l id 

were m a x i m a l l y developed i n the earliest, V a l l e s i a n populations a n d 

d i m i n i s h e d i n later, P i k e r m i a n , H. primigenium. F o r s t e n (1968: 25) further 

stated Stylohipparion to be probably the descendant o f forest-hipparion 

w h i c h has retained and even further developed the ectostylid, a n d this is the 

development, I believe, that took place i n sub-Saharan A f r i c a . 

Hipparion turkanense H o o i j e r & M a g l i o 

I n the M p e s i d a Beds o f K e n y a , age 7 m i l l i o n years, a few Hipparion 
teeth were f o u n d ( B i s h o p & C h a p m a n , 1970: 917; B i s h o p , C h a p m a n , H i l l & 
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M i l l e r , 1971: 391) , w h i c h were then thought to be the earliest Hipparion 
south o f the Sahara. W e r e f e r r e d this mater ia l to Hipparion turkanense 
H o o i j e r & M a g l i o (1973) , a distinct species based on an unusual ly wel l 

preserved s k u l l f r o m Lothagam-1 f u l l y described i n 1974 ( H o o i j e r & M a g l i o , 

1974). O n l y one tooth f r o m M p e s i d a is ent ire , a P 3 o r P 4 dext., K N M - M P 

079 ( p i . 4 f i g . 4 ) . It has the w r i n k l e d enamel that also characterizes the 

upper cheek teeth o f H. turkanense, not o n l y i n the e n t o f l e x i d a n d buccally 

but a l l over. T h e metaconid a n d metastyl id show little folds, a n d the ento-

c o n i d has a n i r regular outline. T h e protosty l id is wel l developed, there is 

a ptychostyl id , but no trace o f an ectostylid. I n a l l these characters the 

M p e s i d a tooth is l ike those f r o m L o t h a g a m a n d E k o r a , w h i c h include 

specimens of the same serial pos i t ion ( H o o i j e r & M a g l i o , 1974: 17, p l . 7 ) . 

T h e external w r i n k l i n g i n these specimens extends a l l a long the height of 

the c r o w n ; the M p e s i d a tooth, w o r n to about 5 c m (base incomplete) , 

measures 29 m m anteroposteriorly and 16 m m transversely at the occlusal 

surface, a n d 27 by 14.5 m m at 2 c m above the neck. T h e r e are two f r a g 

ments o f teeth f r o m the M p e s i d a Beds, K N M - M P 122, a n o r M 2 w i t h 

a b r o k e n c r o w n , a n d K N M - M P 123, the external anter ior p o r t i o n o f a n 

other lower cheek tooth, both d isp lay ing the w r i n k l e d enamel but other 

than that not of m u c h value f o r comparative purposes. 

T w o w e l l preserved lowers f r o m the L u k e i n o F o r m a t i o n ( o l i m K a p e r y o n 

B e d s ) , age about 6 m i l l i o n years, K N M - K Y 79 a n d 8 0 ( p i . 4 f igs. 5-6) , 

may represent H. turkanense. K N M - K Y 79 is a P 3 o r P 4 dext., w o r n to 

5 c m of c r o w n height, diameters 26.5 by 18 m m occlusally, a n d 23.5 by 

16 m m at 2 c m above the neck. K N M - K Y 8 0 is a n M x o r M 2 dext., same 

height as w o r n , 26 by 14 m m occlusally, a n d 22 b y 14 m m at 2 c m above 

the neck o f the c r o w n . 

A n incomplete P 2 s in . f r o m Y e l l o w Sands, the M u r s i F o r m a t i o n o f 

southern E t h i o p i a , Y S . 7-3 ( p l . 4 f i g . 3, p l . 5 f i g . 7 ) , m a y be re ferred to 

H. turkanense. T h e entof lex id border is m a r k e d l y w r i n k l e d , a n d this crenula-

t ion is also seen o n the enamel external ly . T h e r e is n o ectostylid but a slender 

ptychostyl id. T h e M u r s i F o r m a t i o n P 2 measures 31 m m anteroposteriorly 

a n d 16.5 m m transversely at the occlusal surface, 5.5 c m above the base. 

T h e lower part o f the c r o w n i s incomplete postero-laterally. 

I n the absence of a n ectostylid by a c r o w n height of over 5 c m , probably 

some 7 c m o n l y w h e n u n w o r n , the teeth o f Hipparion turkanense resemble 

those of Hipparion baardi f r o m Langebaanweg, Cape P r o v i n c e . B o n é & 

S i n g e r (1965: 374) give the f u l l height o f a P 4 as 70 m m b y a w i d t h o f 

25.5 m m . T h e result ing h e i g h t / w i d t h index, 270, is w i t h i n the l i m i t s o f 

H. primigenium (220-290: A r a m b o u r g , 1959: 7 9 ) . B o n é & S i n g e r (1965: 
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390) stress the complexi ty o f the enamel pattern a n d the tendency to f o r m 

stylids: i n the premolars especially there is a m a r k e d ptychostyl id. H o w e v e r , 

the typical enamel w r i n k l i n g external ly o n the lowers of H. turkanense 
( H o o i j e r & M a g l i o , 1974, p l . 7) is less m a r k e d i n H. baardi. I t is this v e r y 

w r i n k l i n g that makes a s t y l i d l ike the ptychosty l id i n H. turkanense a m u c h 

less conspicuous element than it is i n H. baardi. 
B o n é & S inger (1965: 367-379) present the general features as w e l l as 

some detailed descriptions o f the Langebaanweg teeth, s h o w i n g that the 

pattern is more complex than that i n H. turkanense. I n the lower teeth, the 

w r i n k l i n g of the e n t o f l e x i d is variable, a n d i t m a y also show buccally. I n 

the absence of a s k u l l f r o m B a a r d ' s Q u a r r y the relationships between H. 
baardi and H. turkanense must remain obscure, but the dental evidence is 

suggestive of the two forms being distinct f r o m each other. T h e r e is no 

di f ference i n dental size: the measurements of L o t h a g a m a n d K a n a p o i teeth 

as w e l l as o f those recorded above f r o m M p e s i d a , the L u k e i n o F o r m a t i o n , 

and M u r s i agree w i t h those f r o m Langebaanweg (Boné & Singer , 1965: 

371, 374) . I n the holotype s k u l l o f H. turkanense the incisors are i n part 

preserved, a n d show that I 3 is not reduced relative to I 2 just as it is i n H. 
primigenium ( A r a m b o u r g , 1959: 8 0 ) : i n the later, Pleistocene Hipparion 
the t h i r d inc isor is m u c h reduced. T h e symphys ia l port ion o f a mandible 

f r o m Langebaanweg, S . A . M u s e u m L 2 0 5 5 3 has an occlusal w i d t h o f I3 o f 

14.5 m m , whi le that o f I 2 is 15 m m , as is the case also i n H. primigenium 
( A r a m b o u r g , 1959: 8 4 ) . I n the Pleistocene Hipparion I 3 is on ly hal f as 

wide as is I 2 . T h u s , the unreduced t h i r d inc isor , a feature o f both H. primi
genium a n d H. turkanense, is characteristic o f H. baardi as w e l l . 

A s to the o r i g i n o f Hipparion turkanense we have voiced the o p i n i o n 

( H o o i j e r & M a g l i o , 1973: 313) that i t m a y represent an invas ion f r o m 

A s i a i n L a t e M i o c e n e t imes: the resemblance w i t h the post-Val les ian Hip
parion hippidiodum Sefve (1927: 9) of C h i n a is s t r i k i n g . W e also stated 

that H. turkanense m a y be ancestral to "Stylohipparion". T h i s was because 

o f cranial s i m i l a r i t y o f H. turkanense to the O l d u v a i Hipparion, a n d also 

because of the presence o f H. turkanense right at the bottom of the O m o 

G r o u p deposits ( M u r s i F o r m a t i o n ) . S o f a r n o Hipparion teeth other than 

the one re ferred to H. turkanense have been recovered f r o m the M u r s i 

F o r m a t i o n . I f Hipparion turkanense w o u l d be ancestral to "Stylohipparion" 
this w o u l d i m p l y that i t began developing the ectostylid o n l y after M u r s i 

F o r m a t i o n time. It m a y also be suggested that Hipparion primigenium is 

the ancestral f o r m ( H o o i j e r & M a g l i o , 1974: 3 0 ) ; it already h a d ectostylids 

i n the V a l l e s i a n . T h e preorbita l fossa t h e n got lost i n the process. 

T h e vert ical d is t r ibut ion o f Hipparion turkanense as here conceived, f r o m 
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the M p e s i d a B e d s u p into the M u r s i F o r m a t i o n , f r o m 7 to 4 m i l l i o n years 

ago, is the same as that of Ceratotherium praecox H o o i j e r & Patterson 

(1972; H o o i j e r , 1972; 1973: 168). C. praecox, o n crania l as w e l l as dental 

evidence, must be regarded as immediately ancestral to the m o d e r n white 

rhinoceros, Ceratotherium simum ( B u r c h e l l ) , w h i c h occurs i n the S h u n g u r a 

F o r m a t i o n as w e l l as at O l d u v a i Gorge . 

Hipparion? a f f . sitifense P o m e l 

A n almost ent ire upper cheek dent i t ion, P . 944, f r o m the base o f 

S h u n g u r a M e m b e r G (contact t u f f G a n d u n i t G x ) , collected i n 1972, is 

rather o n the small side. It comprises the r i g h t P 2 - M 3 , P 3 4 incomplete 

internal ly , a n d the left P 2 , incomplete i n f ront , a p o r t i o n o f the ectoloph 

of P 3 , a n d fur ther the entire P 4 , M 1 and M 3 . T h e amount o f wear is not 

great. T h e w o r n c r o w n height o f P 4 as w e l l as that of M 3 is 67 m m , that 

o f P 2 47 m m , a n d that o f M 1 57 m m . A l l the teeth are isolated, but w h e n 

j o i n e d the f u l l length o f the toothrow is 136 m m o n the occlusal surface; 

the occlusal length Μ * - Μ 3 is 62 m m . T h e s e are toothrow lengths as i n 

Hipparion sitifense P o m e l of the p r e - V i l l a f r a n c h i a n of N o r t h A f r i c a : the 

length P 2 - M 3 is 129 m m i n the dent i t ion f r o m M a s c a r a ( A r a m b o u r g , 1956: 

8 1 8 ) . T h e r e are a n u m b e r of smal l teeth i n the collection f r o m L o t h a g a m 

a n d K a n a p o i that we described as Hipparion cf . sitifense ( H o o i j e r & 

M a g l i o , 1974). T h e S h u n g u r a M e m b e r G uppers are exceedingly s i m i l a r 

to those f r o m L o t h a g a m a n d K a n a p o i i n diameters a n d enamel patterns, 

but there is one v e r y important d i f ference: the c r o w n height i n the 

S h u n g u r a M e m b e r G specimens is greater than that i n the L o t h a g a m -

K a n a p o i cheek teeth. O n e o f the M 3 f r o m L o t h a g a m just touched by wear, 

K N M - L T 137 (no. (1) i n H o o i j e r & M a g l i o , 1974: 23, table 7 ) , f r o m 

what is preserved o f the base (the closed bottom between the fossettes, 

a n d the contact between protocone a n d hypocone) cannot have exceeded 50 

m m i n f u l l height, whereas the M 3 f r o m the base of S h u n g u r a M e m b e r G , 

w i t h the base complete a n d only v e r y s l ight ly w o r n , w o u l d have been 70 m m 

h i g h i n the u n w o r n state. T h e r e is another M 3 f r o m S h u n g u r a M e m b e r G , 

L.16-31, w i t h the c r o w n u n w o r n a n d enough preserved of the base to show 

that its u n w o r n height w o u l d have been some 70 m m , too. N o w this is a 

d i f ference that, b y the same anteroposterior diameter of the c r o w n (21 m m ) , 

w o u l d give considerable discrepancies i n height/ length i n d e x (240 against 

330) between the M 3 o f L o t h a g a m a n d those of S h u n g u r a M e m b e r G , 

too m u c h , i n fact, f o r these to be accommodated i n a single species. T h e 

molars compared are some f o u r m i l l i o n years apart i n age ( L o t h a g a m 6 

m i l l i o n years, S h u n g u r a M e m b e r G 2 m i l l i o n years at m o s t ) . T h e S h u n g u r a 
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M e m b e r G small Hipparion, the more hypsodont o f the two, m a y have 

evolved f r o m the L o t h a g a m f o r m , but it is perfect ly possible that the later 

f o r m evolved independently. U n f o r t u n a t e l y , the degree o f hypsodonty o f 

Hipparion sitifense (to w h i c h the L o t h a g a m f o r m has been prov is iona l ly 

re ferred) is not k n o w n : the teeth f r o m S a i n t - A r n a u d a n d A i n el H a d j B a b a 

are w o r n , a n d those of M a s c a r a are even of an o l d i n d i v i d u a l ( A r a m b o u r g , 

1956). T h e i r age w o u l d be around 3 m i l l i o n years. F o r s t e n (1968: 36) 

gives hypsodonty indices f o r H. sitifense a r o u n d 260, but these are re ferred 

specimens f r o m S p a i n ( C o n c u d , L o s Mansuetos a n d L a F o n t a n a ) , a n d 

whether they really represent the same species as that f r o m the N o r t h 

A f r i c a n p r e - V i l l a f r a n c h i a n is not quite certain. T h e degree of hypsodonty 

o f the r e f e r r e d S p a n i s h material is much the same as that of the L o t h a g a m 

d w a r f Hipparion, a n d that of the S h u n g u r a M e m b e r G d w a r f Hipparion 
is decidedly higher, but we need to k n o w the hypsodonty i n d e x o f the type 

Hipparion sitifense f r o m N o r t h A f r i c a to settle the a f f i n i t y o f the sub-

S a h a r a n d w a r f f o r m o r forms. T h e L o t h a g a m small Hipparion we have 

named Hipparion cf. sitifense as this seemed to be the most m e a n i n g f u l 

designation. T h e r e are no lowers associated w i t h the smal l S h u n g u r a 

M e m b e r G uppers o f P .944, but there are several isolated lowers as w e l l 

as uppers, as fo l lows: 

L . i - 4 2 a , S h u n g u r a M e m b e r B , M 1 2 dext., ant. post. 21.5 m m , transv. 

23 m m . 

L . 7 5 8 - i d , S h u n g u r a M e m b e r C , P 2 s in. , ant. post. 30 m m , transv. 20 m m . 

L . 27-15B, S h u n g u r a M e m b e r C , P 3 4 s in . , ant. post. 23 m m , transv. 22 m m . 

L . 7 5 8 - i a , S h u n g u r a M e m b e r C , M 1 2 dext., ant.post. 22 m m , internal par t 

w a n t i n g . 

L . 7 5 8 - i b , S h u n g u r a M e m b e r C , M 1 2 s in. , ant. p o s t , 21 m m , transv. 21 m m . 

L . 7 5 8 - i c , S h u n g u r a M e m b e r C , M 3 dext., ant. post. 20.5 m m , transv. 

19 m m . 

L . 10-6, S h u n g u r a M e m b e r E , P 3 4 dext., ant. post, a n d transv. 21 m m . 

L . 26-71, S h u n g u r a M e m b e r E , M 3 s in. , ant. post. 21 m m , transv. 1 7 + m m 

(mesostyle incomplete) . 

L . 465-69, S h u n g u r a M e m b e r F , M 3 s in . , w o r n to a height o f 53 m m f r o m 

base; c r o w n incomplete behind except at base, where the ant. post. 

diameter is 28 m m . T h e transverse diameter is 11.5 m m . T h e r e is a n 

ectostylid, however n a r r o w (only 2.5 m m anteroposterior ly) that extends 

f r o m the base to 40 m m upwards; there is also a ptychosty l id . 

L . 465-104, S h u n g u r a M e m b e r F , M 3 s in . , w o r n a n d base b r o k e n , 35 m m 

h i g h as preserved, diameters 23 by 9.5 m m ; no trace o f ectostylid though 

ptychosty l id does show. 



24 ZOOLOGISCHE V E R H A N D E L I N G E N I42 ( l Ç 7 5 ) 

L . 6530, S h u n g u r a M e m b e r F , is the distal p o r t i o n of a small t h i r d 

metatarsal, superf ic ia l ly damaged, w i t h a n art icular w i d t h of 35.5 m m , 

anteroposterior distal crest diameter of 30 m m , and at the b r o k e n upper 

end, 9 c m f r o m the distal art iculat ion, diameters 25.5 by 23 m m ( p i . 19 

f i g . 7 ) . T h i s bone is of the size class of the t h i r d metacarpal of Hipparion 
cf. sitifense f r o m L o t h a g a m ( H o o i j e r & M a g l i o , 1974, table 11). 

L . 3981580, S h u n g u r a M e m b e r F , is the distal end of a t h i r d metacarpal, 

art icu lar w i d t h 34 m m , distal crest incomplete behind, to w h i c h the same 

r e m a r k s apply . 

L . 16112, S h u n g u r a M e m b e r G , P 3 ' 4 s in. , ant. post, a n d transv. 22 m m . 

L . 7271, S h u n g u r a M e m b e r G , M 1 2 dext. l a c k i n g internal p o r t i o n , ant. 

post. 20 m m . 

L . 6752, S h u n g u r a M e m b e r G , M 3 dext., 70 m m h i g h as w o r n , ant. post. 

21 m m , transv. 20 m m , protocone 9.5 by 3 m m . 

L . 1631, S h u n g u r a M e m b e r G , external p o r t i o n of M 3 s in . 

L . 7100, S h u n g u r a M e m b e r G , M 3 sin. , ant. post. 20 m m , transv. 18 m m . 

L . 627215, S h u n g u r a M e m b e r G , M x _ 2 s in . , incomplete behind, 52 m m 

h i g h as w o r n ; no trace of ectostylid, transv. 10.5 m m . 

L . 627213, S h u n g u r a M e m b e r G , M x _ 2 s in . , w o r n to 60 m m height, n a r r o w 

ectostylid (34 m m anteroposter ior ly) ; c r o w n ant. post. 21 m m , transv. 

12.5 m m . 

L . 59717A, S h u n g u r a M e m b e r G , M 3 dext., incomplete behind, w o r n to 

60 m m , ectostylid v e r y n a r r o w (1.52.5 m m ) , transv. 12 m m . 

These teeth are indist inguishable f r o m those of K a n a p o i a n d L o t h a g a m 

that we described as Hipparion cf. sitifense ( H o o i j e r & M a g l i o , 1974: 20, 

table 9 ) . O n l y the c r o w n height a n d ectostylid development i n the S h u n g u r a 

M e m b e r F a n d G specimens is greater than that i n the L o t h a g a m  K a n a p o i 

specimens. T r u e Hipparion sitifense as described by A r a m b o u r g (1956: 

823) has no ectostylids, although they may not show as the teeth are i n situ. 

It is evident that there is a small Hipparion i n S h u n g u r a M e m b e r s Β 

through G , a n d i t m a y be related to the species Hipparion sitifense, the 

N o r t h A f r i c a n p r e  V i l l a f r a n c h i a n d w a r f Hipparion, but better material is 

needed to settle its af f in i t ies . F o r the present I w i l l place it under the 

head Hipparion? aff . sitifense P o m e l . T h e measurements a n d plicat ion 

frequencies of the S h u n g u r a M e m b e r G upper denti t ion are i n tables 6 

and 7. 

T h e r e are a few inc isor fragments associated w i t h the upper cheek dent i 

t ion P.944, v i z . , I 1 dext. ( k ) , I 1 s in . (1), a n d I 2 s in . ( m ) . T h e base of the 

inc isor crowns cannot be measured: the transverse a n d labiol ingual d i a m 

eters at the w o r n surface are 17.5 by 11 m m f o r I 1 , a n d 18.5 by ca. 10 m m 
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T A B L E 6 

D e n t a l measurements of H. ? a f f . sitifense, S h u n g u r a G , P.944 ( m m ) 

P2 ant post. 29 
transv. 20 
protocone, ant. post. 7 

transv. 4 
P 3 , ant. post. 23 

transv. — 
protocone, ant. post. — 

transv. — 
P * ant. post. 23 

transv. 22 
protocone, ant. post. 7.5 

transv. 4 

M 1 , ant post. 22 
transv. 21 
protocone, ant. post. 7.5 

transv. 3.5 
M 2 , ant. post. 21 

transv. 20 
protocone, ant. post. 7 

transv. 3 
M 3 , ant. post. 21 

transv. 19 
protocone, ant. post. 7 

transv. 2.5 

T A B L E 7 

P l i c a t i o n numbers o f H. ? aff . sitifense, S h u n g u r a G , P.944 

prefossette postfossette 

ant. post. ant. post. pli caballin 

p2 3 3-4 1-2 I I 
P3 5 7 4 I — p4 3 6-7 4 I 2 
M i 2-3 6-7 4 I I 
M2 3 7 3 2 I 
M 3 

2-3 3-4 I 2 2 

for I 2 . These fragments are not of m u c h value f o r purpose of comparison 

but they do represent the d w a r f Hipparion the incisors o f w h i c h had not 

been described previously. A s f a r as direct comparison is possible they do 

seem to be smaller than the corresponding parts of I 1 and I 2 o f the large 

"Stylohipparion" (Hipparion ethiopicum) f o u n d i n the same deposits; as 

there is no I 3 available o f the d w a r f f o r m the degree o f reduction of this 

element relative to I 2 cannot be determined. 

S m a l l Hipparion teeth, of the size of Hipparion sitifense, occur i n the 

L u k e i n o F o r m a t i o n along w i t h those of Hipparion turkanense, and i n the 

C h e m e r o n F o r m a t i o n a long w i t h Hipparion primigenium. T h e L u k e i n o 

F o r m a t i o n material comprises one well-preserved upper molar , K N M - L U 

189, an M 1 2 dext., measur ing 20 by 20 m m and w o r n to 38 m m of height: 

the fossette pl icat ion numbers are 5-8-4-1 ( p i . 6 f i g . 6 ) . O f a set of three 

lower cheek teeth, K N M - L U 192 A , B , a n d C , P 3 a n d P 4 have a small , 

n a r r o w ectostylid, only 20, a n d 25 m m h i g h , respectively. T h e r e is none 

seen i n M x . P 3 measures 22 by 12 m m , P 4 21 by 12 m m . a n d M x 21 by 
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10.5 m m at 2 c m f r o m the base. T h e r e are fur ther two distal port ions o f 

smal l median metacarpals, K N M - L U 050 a n d K N M - L U 187, both i n c o m 

plete behind, w i t h a greatest distal w i d t h o f 34, a n d 36 m m , respectively, 

a n d a distal ar t i cu lar w i d t h ( i n K N M - L U 187) o f 36 m m . A b r o k e n distal 

e n d o f a lateral metapodial , K N M - L U 051 , has a n anteroposterior d i a m 

eter o f 1 6 + m m a n d measures 11 m m transversely ( p i . 19 f i g 2 ) . These 

f igures compare wel l w i t h those o f the metacarpals o f Hipparion cf . 

sitifense f r o m L o t h a g a m ( H o o i j e r & M a g l i o , 1974, table 11, p i . 18 f i g . 3 ) . 

I n the C h e m e r o n F o r m a t i o n collection there i s a n Mt.2 s in . , K N M - B C 

371, m e a s u r i n g 21.5 by 9.5 m m , w h i c h shows n o trace o f a n ectostylid. 

H o w e v e r , i n another set o f l o w e r cheek teeth, P 4 - M 2 dext., K N M - B C 

1157 ( p i . 5 f igs. 4-5) , f r o m the basal C h e m e r o n , m a r k e d 1/2002, there are 

ectostylids al though not very massive ones: t h e i r anteroposterior diameters 

are only 3 m m . T h e c r o w n of M1 is w o r n to 24 m m f r o m the base; the 

bases o f P 4 a n d M 2 are not c learly seen. T h e P 4 is incomplete i n f ront : 

the metastyl id is pointed postero-externally, as is also seen i n the M j . 

T h e r e are v e r y distinct protostyl ids i n the t w o molars , w h i c h measure only 

23 m m anteroposteriorly, a n d 13 m m transversely. A set o f upper molars , 

M ! - M 3 s in . , m a r k e d 1/997, is K N M - B C 450-452. T h e crowns are u n f o r t u 

nately damaged, a n d the protocones are not w e l l seen. T h e enamel pattern 

of the fossettes is rather complicated, least so that o f the last molar , as can 

be seen i n the photograph ( p i . 5 f i g . 3 ) . T h e c r o w n diameters of M 1 a n d 

M 2 are 20 m m anteroposteriorly, a n d 22 m m transversely; M 3 measures 

21 m m anteroposteriorly, a n d 18 m m transversely. S u c h dimensions are 

those o f Hipparion sitifense (cf . H o o i j e r & M a g l i o , 1974, table 7 ) , w h i c h 

is not to say that the C h e m e r o n teeth necessari ly belong here: w i t h only 

teeth l i k e these a prov is ional ident i f i cat ion is a l l that can be achieved. 

T H E O L D U V A I G O R G E H I P P A R I O N 

Hipparion cf . ethiopicum (Joleaud) 

T h e r e are var ious names f o r the advanced, Pleistocene Hipparion o f 

A f r i c a characterized by its extreme hypsodonty, well-developed ectostylids, 

and reduced t h i r d incisors, uppers as w e l l as lowers. T h e N o r t h A f r i c a n 

f o r m is Hipparion libycum P o m e l , 1897. F o r southern A f r i c a we have 

Hipparion steytleri V a n H o e p e n , 1930, Eurygnathohippus cornelianus V a n 

H o e p e n , 1930, a n d Stylohipparion hipkini V a n H o e p e n , 1932. F o r E a s t 

A f r i c a there is Libyhipparion ethiopicum Jo leaud, 1933. 

I n his paper o n the O l d u v a i G o r g e Hipparion, H o p w o o d (1937) used 

the name Stylohipparion cf . albertensis ( H o p w o o d ) . T h e name Hipparion 
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albertensis had been proposed by H o p w o o d (1926: 17, f ig . 4 A ) f o r an u p 

per molar w o r n to 7 c m of height and l a c k i n g the internal p o r t i o n , o r i g i n a 

t i n g f r o m the K a i s o B o n e B e d s o f U g a n d a . A l t h o u g h the species could not 

g iven a m e a n i n g f u l diagnosis, the same name, Stylohipparion albertense 
( H o p w o o d ) , was chosen b y A r a m b o u r g (1947: 303) f o r the Hipparion o f 

the O m o deposits, l i s t i n g Libyhipparion ethiopicum Joleaud as a synonym. 

L a t e r ( A r a m b o u r g , 1970: 8 4 ) , he relegated Hipparion albertensis to the 

s y n o n y m y of Stylohipparion libycum ( P o m e l ) , w h i c h has well-developed 

ectostylids, a n d u n w o r n u p p e r premolars 7.5 c m high. I n the O l d u v a i 

material re ferred by H o p w o o d to Stylohipparion cf. albertensis there was 

a lower premolar w i t h a n ectostylid ( H o p w o o d , 1937: 114), a n d i n the 

O m o material there were hypsodont upper molars (around 8 c m i n c r o w n 

height) , a n d lowers ( A r a m b o u r g , 1947: 305, f i g . 27, p l . X f i g . 3) w i t h 

large ectostylids. 

T h u s , both the O l d u v a i G o r g e and the hypsodont O m o Hipparion had 

been ident i f ied as Stylohipparion albertensis, or Stylohipparion cf . alber
tensis. I n this H o p w o o d a n d A r a m b o u r g were o r i g i n a l l y fo l lowed b y Cooke 

(1963: 8 2 ) , a n d others. H o w e v e r , i n a rev is ion o f the K a i s o fauna, Cooke 

& C o r y n d o n (1970) describe Hipparion teeth f r o m both the E a r l i e r a n d 

the L a t e r K a i s o , placed at 4-5 m i l l i o n years, a n d i n the 2-3 m i l l i o n year 

range, respectively. T h e authors note that those f r o m lower hor izons appear 

to be less hypsodont, w i t h shorter and broader protocones, than those f r o m 

higher levels, leaving the earl ier K a i s o mater ia l i n Hipparion albertense 
as a n early variant . I t must be noted though that it is not at a l l certain that 

the E a r l i e r K a i s o material belongs to the same species as that f r o m L a t e r 

K a i s o . It is most probable that there is m o r e than one species o f Hipparion 
i n the K a i s o deposits, w h i c h span several m i l l i o n years. T h i s uncertainty 

was i n fact realized by the authors, who note that the holotype of Hipparion 
albertense " i s a very inadequate type specimen a n d more mater ia l is needed 

f r o m this local ity i n order that the specif ic characters m a y be m o r e clearly 

d e f i n e d " ( C o o k e & C o r y n d o n , 1970: 136/137). T h e y do give a n emended 

diagnosis, i n w h i c h it is stated that the l o w e r teeth constantly lack the 

ectostylid, but this statement is not supported by the evidence available. 

A m o n g the lower cheek teeth there are only two that w o u l d show an 

estostylid, i f any, a n d one o f them is so smal l that we ( H o o i j e r & M a g l i o , 

1974: 27) provis ional ly r e f e r r e d to it as Hipparion cf . sitifense (Cooke & 

C o r y n d o n , 1970: 139, f i g . 5 J ) . T h e p r o b l e m w i t h the K a i s o Hipparion is 

whether there is more than one species, a n d w h i c h lower molars go w i t h 

the type. 

T h e Hipparion o f the K o o b i F o r a faunal sequence E a s t o f L a k e R u d o l f 
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i n K e n y a was named Stylohipparion albertense ( M a g l i o , 1971), a n d then 

Hipparion cf. albertense ( M a g l i o , 1972). N o t h i n g is gained by such a 

denominat ion. T h e name Hipparion albertense, o r H. cf. albertense, has 

since been used f o r not-so-hypsodont teeth albeit w i t h ectostylids f r o m 

L u k e i n o , K a p e r y o n , and A t e r i r by A g u i r r e & A l b e r d i (1974, table I ) , a n d 

f r o m the U s n o F o r m a t i o n a n d M e m b e r s A , B , a n d C of the S h u n g u r a 

F o r m a t i o n of southern E t h i o p i a b y Coppens & H o w e l l (1974, P lanche I ) . 

B y n o w the confus ion or ig inat ing f r o m the inadequacy of the type specimen 

is complete. 

S ince Hipparion albertense is based on an incomplete, non-characteristic 

type it is advisable not to use the name al a l l . I t should be kept i n the sus

pense account a n d not appl ied to material other than the type. I fo l low this 

course i n the present paper, and recommend it f o r the future. 

W e have, then, Hipparion ethiopicum as the earliest available v a l i d name 

f o r E a s t A f r i c a n advanced, Pleistocene Hipparion. F o r N o r t h A f r i c a there 

is H. libycum, a n d f o r southern A f r i c a H. steytleri. T h e teeth of these 

three named f o r m s are indist inguishable. W e do not k n o w their skulls . I t 

is possible that there were var ious geographic f o r m s i n these areas, w i t h 

certain s k u l l characters p e r m i t t i n g o f their d is t inct ion as such. T h e O l d u v a i 

Beds have p r o v i d e d , f o r the f i rs t t ime, skul ls o f the advanced Hipparion: 
i t is i r o n i c a l that this, the O l d u v a i B K I I Hipparion, has as yet no v a l i d 

name of its o w n . 

T h e s k u l l recovered at O l d u v a i G o r g e i n 1973 re ferred to b y L . S. B . 

L e a k e y (1965: 26) and by M . D . L e a k e y (1971: 256) p r o v i n g that 

Stylohipparion is i n fact the same as Eurygnathohippus, comes f r o m B K I I , 

pit 6 ( U p p e r B e d I I ) i n two parts both o f w h i c h are heavi ly distorted 

(pis. 7 a n d 8 ) . N o . 2845 n a s t n e premaxi l lar ies back to the deepest point 

of the nasal notch, no nasals, but the sides a n d ventra l port ions of the 

maxi l lar ies to some 4 c m behind the palatine processes of the premaxi l lar ies , 

where the alveol i f o r the (miss ing) P 2 are situated. N o . 2846 is the re

mainder of the s k u l l , b r o k e n o f f behind through the crania l cavity. T h e 

r ight orbit lacks only part of its ventra l border but is d r a w n out antero

posteriorly; part of the r ight g lenoid fossa is preserved. T h e two port ions 

were sent to me separately, a n d the only parts posit ively j o i n i n g are at the 

suture between p r e m a x i l l a r y a n d nasal on the left side, just behind the 

nasal slit. T h i s contact is shown i n the left lateral v i e w of the j o i n t specimen. 

P 3 - M 3 are i n s i tu, but because of the distort ion the right series is placed a 

c m or two fur ther back than the left, w i t h unnatura l diastemata between 

the molars. 

T h e c r u s h i n g o f the specimen has been m a i n l y sideways, w i t h the r ight 
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side pushed up higher than the left. T h e s k u l l is indented o n the right side 

between the facial crest a n d the top, f r o m the i n f r a o r b i t a l f o r a m e n to the 

orbit . O n the left side this region of the s k u l l is fractured, but the portions 

are not m u c h displaced, a n d it is perfectly clear that there was no preorbital 

fossa. T h u s , the O l d u v a i B K I I Hipparion shares this feature w i t h Hip
parion turkanense f r o m L o t h a g a m . 

T h e snout a n d the s i x incisors are a l l there, but the incisor-bearing 

port ion is pul led out sideways a n d d o w n to the r ight , the nasal processes 

of the premaxi l lar ies snapped o f f and displaced at a fracture 4 c m behind 

the body. F r o m the fracture to the n a s o m a x i l l a r y notch the r ight and the 

left nasal processes are m o r e o r less i n their natural pos i t ion; the lateral 

wal ls o f the nasal cavity are v e r y t h i n . T h e ventra l surface between I 3 and 

the alveolus of P 2 is not so m u c h distorted, a n d the palatine processes of 

the premaxi l lar ies can be seen to their f u l l extent. B y a l u c k y accident the 

deepest point o f the nasal notch is preserved o n the left side: the suture 

between p r e m a x i l l a r y and nasal , a long w h i c h the t w o s k u l l port ions f it on 

to each other, is behind the notch, so that the deepest point of the lateral 

notch is f o r m e d by the p r e m a x i l l a r y , as is the case i n Hipparion turkanense 
( H o o i j e r & M a g l i o , 1974). T h e i n f r a o r b i t a l f o r a m i n a are preserved on 

both sides, above the posterior border of P 3 , a n d the facial crests emerge 

above the posterior border o f P 4 . Between these heavy hor izonta l ridges and 

the top o f the s k u l l a preorbi ta l fossa, i f any, should be i n evidence but it 

is not there at a l l : even though the lateral surface of the s k u l l is b r o k e n 

there are no traces of such a cavity. Several transverse fractures, the m a i n 

one just i n f ront of the orbit , a long w h i c h the bone port ions are displaced 

a n d warped, render the remainder of the s k u l l u n f i t f o r accurate description. 

O n the ventra l side, the palate is compressed, but the anter ior palatine 

foramen is seen on a level w i t h the protocone of M 2 , a n d the posterior 

border of the h a r d palate is o n the same level i n the median l ine. T h e 

anterior marg ins of the orb i t are preserved o n the right side only; the 

zygomatic arch behind the orbi t carries part of the temporal condyle but 

does not f i t o n to the squamous temporal a n d is w a r p e d l ike the orbit itself. 

T h e occipital p o r t i o n o f the s k u l l is lost. 

F e w measurements can be g i v e n : the I 3 - P 2 diastema, 100 m m ; distance 

f r o m anterior border o f P 2 to anter ior border of the orbit , ca. 165 m m , 

a n d f r o m prosthion to poster ior border o f the palatum d u r u m , ca. 260 m m , 

showing that the O l d u v a i B K I I s k u l l is f u l l y as large as that of Hipparion 
turkanense o f L o t h a g a m as recently described b y H o o i j e r & M a g l i o (1974). 

T h e two skulls agree i n the absence of a preorbita l fossa. T h e dentit ion, 

however, provides the means o f d is t inguishing between the two. 
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T h e incisors o f the O l d u v a i s k u l l are o f the type of Eurygnathohippus 
cornelianus V a n H o e p e n ( 1 9 3 0 ) : the f i rst a n d second large, a n t e r i o r l y 

flattened, w i t h thick enamel i n f r o n t and t h i n enamel l ingual ly , a n d large 

cups completely f i l l e d w i t h cement. T h e r e is a shal low longi tudinal groove 

a long the centre o f the labial surface of the f i rs t inc isor , a n d the second 

has two such anter ior grooves. T h e l ingual surface are grooved also. T h e 

t h i r d inc isor is m u c h reduced. I n the L o t h a g a m s k u l l o f H. turkanense 
the incisors are smaller, ungrooved, and the t h i r d inc isor is not reduced 

i n size relative to I 2 . T h e r e is a smal l canine i n H. turkanense; this element 

is not developed i n the O l d u v a i s k u l l , and i t is not present i n any o f the 

"Eurygnathohippus" specimens f r o m C o r n e l i a , L a e t o l i l , o r O l d u v a i either. 

T h e premolars o f the O l d u v a i s k u l l , the P 2 dropped out o f its alveolus, 

have the anter ior h o r n o f the postfossette e x t e n d i n g o u t w a r d beyond the 

posterior h o r n o f the prefossette. T h i s is less m a r k e d i n the molars . T h e 

i n n e r a n d outer fossette borders lack the f ine w r i n k l i n g that characterizes 

the L o t h a g a m cheek teeth (cf . p l . 2 i n H o o i j e r & M a g l i o , 1974). T h e 

fossette p l is v a r y somewhat i n the homologous teeth o n the two sides: the 

counts are g i v e n i n table 8. 

T A B L E 8 

P l i c a t i o n numbers i n upper teeth o f O l d u v a i s k u l l B K I I , no . 2846 

prefossette postfossette 

ant. post. ant. post. pli caballin 

P3 1-2 5-6 3-4 I I 
P4 2-3 5-6 4 I 1-2 
M i 1-2 5-6 2-3 I I 
M 2 

2-3 6-7 2-3 0-1 I 
M 3 I 3-4 1-2 I 

T h e pl icat ion counts are v e r y s i m i l a r to those i n the type s k u l l o f Hip
parion turkanense except i n the anter ior border o f the postfossette, 6 i n 

P 4 - M 2 , a n d 5 i n M 3 o f the L o t h a g a m s k u l l o f Hipparion turkanense; the 

M 3 of the L o t h a g a m s k u l l even has 7-8 pl is i n the posterior border o f the 

prefossette. H o w e v e r , the d i f ference is not so m u c h i n the n u m b e r o f p l is 

but i n their extent, their ampli tude: i n the L o t h a g a m teeth the pl is are v e r y 

m i n o r , whereas i n the O l d u v a i teeth they are rather long, especially those 

i n the a d j o i n i n g borders o f pre- a n d postfossette, as shown i n the photo

graphs publ ished. T h e m o r e ample plications characterize "Stylohipparion" 
(cf . V a n H o e p e n , 1930, f igs. 14 a n d 7, as Hipparion steytleri, a n d Cooke, 

1950, f i g . 10, as Stylohipparion steytleri). T h e c r o w n height of the M 3 

s in . o f Hipparion steytleri, w o r n as i t is , amounts to 66 m m ( V a n H o e p e n , 
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1930: 2 2 ) , a n d that of the type lower molar of "Stylohipparion hipkini", 
w h i c h is not so m u c h w o r n , 81 m m ( V a n H o e p e n , 1932: 3 2 ) . D e n t a l 

measurements of the B K I I skul l are g i v e n i n table 9. 

T A B L E 9 

D e n t a l measurements of O l d u v a i skul l B K I I , no. 2846 ( m m ) 

Ρ 3 , ant. post. 25.5 
transv. 25 
protocone, ant. post. 8.5 

transv. 4.5 
P 4 , ant. post. 23.5 

transv. 25 
protocone, ant. post. 8.5 

transv. 4 
M 1 , ant. post. 22 

transv. 22.5 
protocone, ant. post. 8.5 

transv. 4 

M 2 , ant. post. 22.5 
transv. 22 
protocone, ant. post. 8 

transv. 4 
M 3 , ant. post. 22.5 

transv. 18.5 
protocone, ant. post. 7.5 

transv. 3.5 

T h e cheek teeth o f the O l d u v a i skul l are rather s imi lar i n size to those o f 

Hipparion turkanense a n d H. primigenium f r o m L o t h a g a m a n d K a n a p o i 

(cf. table 2 i n H o o i j e r & M a g l i o , 1974) although the M 3 i n the O l d u v a i 

skul l appears rather smal l ; the f u l l range i n size of the O l d u v a i M 3 is 

g iven further on, e x t e n d i n g i t to include the observations o n H. primigen
ium. T h e great anteroposterior diameter of the M 3 i n H. turkanense is 

caused by its oblique wear: as it is s i tu i t could not otherwise be measured. 

T h e anter ior parastyle f o l d of "Stylohipparion", specif ical ly mentioned 

by V a n H o e p e n (1930: 22) and Cooke (1950: 426) is a general feature 

of Hipparion: the L o t h a g a m and K a n a p o i molars show it ( H o o i j e r & 

M a g l i o , 1974, pis. 2 a n d 3) a n d it does occur i n the type a n d only k n o w n 

molar of Hipparion albertense ( H o p w o o d , 1926: 17, f i g . 4 A ; Cooke & 

C o r y n d o n , 1970: 136, f i g . 5 A ) . It runs d o w n into the root region, or stops 

short of that by a few c m , a n d is not always very d i s t i n c t 1 ) . 

A port ion of the r ight m a x i l l a r y w i t h M 1 3 i n s i tu, O L D / 6 5 , B K I I , 

no. 155, has M 3 just touched by wear, a n d M 2 and M 1 i n early wear. T h e 

dimensions at the base cannot be taken, but those at the alveolar border 

are 22.5 by 23.5 m m f o r M 1 , a n d 23 by 22.5 m m f o r M 2 ; the protocone 

diameters are 11 by 5 m m f o r M 1 , a n d 11 by 4 m m f o r M 2 . T h e pl icat ion 

!) It is not the parastyle fold of the rhinoceros upper molar, which is placed 
externally and behind the parastyle, between the parastyle and the paracone style. 
In the hipparions it is placed internally of the parastyle, separating it from the rest 
of the protoloph. 
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numbers i n the anter ior border o f the postfossette (5 f o r M i , 4 f o r M 2 ) 

are rather h igher than those i n the same molars of the adult s k u l l (no. 

2 8 4 6 ) ; the other counts are the same. T h e caballine f o l d , however, is 

duplicated i n M i and M 2 o f no. 155 instead of single as i n no. 2846. 

T h e f u l l height o f M i , taken external ly to the base of the enamel between 

the roots, is 70 m m , that f o r M 2 , 75 m m , a n d that f o r M 3 , 70 m m i n a 

straight l ine, i n its s l ightly w o r n state. 

T h e r e is a Hipparion s k u l l i n the O l d u v a i collection, m a r k e d O L D / 6 3 , 

B K I I , no . 283, Channel S a n d , that lacks the f r o n t port ion but has the 

basilar occipital port ion . I t is not quite adult: D M 4 is s t i l l i n s i tu o n the 

r ight side, a n d M 3 has not cut the gums yet ( p i . 9 f i g . 1, p i . 10). O n the 

b r o k e n edge o f the palate there is seen the posterior notch f o r the palatine 

processes o f the premaxi l lar ies , a n d it is 2.5 c m i n front o f the anter ior 

premolar, P 2 . O n the left we see the anteriormost deciduous m i l k molar , 

D M i , w h i c h is incomplete internal ly . F r o m this level on backward the s k u l l 

is compressed f r o m side to side: the palatal p o r t i o n o f the left m a x i l l a r y is 

pushed over (dorsa l ly o f ) the r i g h t at the median suture, a n d the palate 

as wel l as the choanae are too n a r r o w though the o r i g i n a l palatal w i d t h can 

be determined as the median suture and the median point of the anter ior 

border o f the posterior nares are preserved a long the undistorted r ight 

m a x i l l a r y a n d palatine. O n the sides of the s k u l l are seen the i n f r a o r b i t a l 

foramina, w h i c h are placed above the posterior border o f P 3 , a n d the facial 

crests, w h i c h emerge above the m i d d l e o f the e r u p t i n g P 4 . T h e top o f the 

skul l is again lateral ly compressed, the nasal bones being squeezed. T h e 

orbi t is rather w e l l preserved a n d undistorted o n the left side o f the s k u l l , 

a n d at least the anter ior border o f the r ight orb i t is i n s i tu. T h e side surface* 

o f the s k u l l between the i n f r a o r b i t a l f o r a m e n a n d the orbit , above the facial 

crest, is tolerably wel l preserved o n either side: the sutures between nasal , 

m a x i l l a r y , l a c r i m a l and j u g a l are s h o w n a n d the bones are s l ightly displaced 

a long sutures, w h i c h had not yet been completely closed. I t is evident f r o m 

the preservation of this p o r t i o n o f the s k u l l that a preorbita l fossa was not 

developed: there is a s l ight depression a long the naso-maxi l lary suture i n 

f ront of the l a c r i m a l but def ini te ly no true preorbi ta l fossa; the naso

m a x i l l a r y suture m a y be depressed i n Equus skul ls as we l l . O n the left side 

o f the s k u l l the posterior border of the orbit a n d the zygomatic a r c h behind 

it are intact a n d i n place. A l t h o u g h the crania l region is v e r y imperfect , 

several bone fragments c o m p r i s i n g nearly a l l o f the frontals i n c l u d i n g the 

superior border of the right o r b i t ( w i t h the supraorbita l foramen) could 

be assembled a n d jo ined. T h i s p o r t i o n o f the top o f the skul l f its o n to the 

side o f the s k u l l i n situ above the anter ior b o r d e r of the left orbit , a n d i t 
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also fits o n to what remains o f the r ight orbi t i n s i tu. Because of the lateral 

c r u s h i n g o f the s k u l l i t cannot be f i t ted o n to both simultaneously; it is 

shown, i n contact w i t h the r ight side o f the s k u l l , i n p i . 10 f i g . 2. T h u s , 

the greatest w i d t h of the s k u l l can be determined. T h e parieto-occipital of 

the s k u l l is m i s s i n g , but o n the ventra l surface we have the basi lar part of 

the occipital w i t h the left condyle a n d paroccipita l process that f its o n to 

the body o f the sphenoid i n s i tu i n the s k u l l , so that the postpalatal length 

of the s k u l l back to the basion can be taken. 

Measurements of the subadult O l d u v a i B K I I s k u l l are g i v e n i n table 10. 

T h e distance f r o m anter ior border of P 2 to the anter ior b o r d e r of the orbit 

is the same as that i n the type s k u l l o f Hipparion turkanense a n d i n the 

adult B K I I s k u l l , a n d the other measurements also as are as i n the 

L o t h a g a m s k u l l . 

T h e O l d u v a i skul l fortunately shows the extreme hypsodonty quite w e l l : 

the c r o w n height of the w o r n P 2 , as exposed o n the left side, is 60 m m , 

a n d that o f P 3 , as seen o n the r ight side, 75 m m . T h e f u l l height of the 

uncut P 4 cannot be determined, but that o f the w o r n M 1 , the base of w h i c h 

is exposed i n the i n t e r i o r o f the s k u l l , is 70 m m , a n d that o f M 2 , barely 

w o r n a n d measured i n the same way, 75 m m . T h e unerupted M 3 , the base 

o f w h i c h is somewhat damaged, has a f u l l c r o w n height, i n a straight l ine, 

o f 75 m m . 

T A B L E 10 

S k u l l measurements of O l d u v a i B K I I , no. 283 ( m m ) 

From anterior border of P 2 to anterior border of orbit 170 
Length P 2 - P 4 ca. 90 
Palatal width between P 2 50 
Idem between M 3 70 
Width over posterior borders of orbits 215 
Zygomatic width ca. 200 
Postorbital constriction ca. 65 
Greatest width of cranium ca. 95 
Bicondylar width 80 

P l i c a t i o n counts can be g i v e n only o f P 2 , P 3 , D M 4 , M 1 , a n d M 2 , as the 

u n w o r n crowns of P 4 a n d M 3 do not a l low of such observations (table 11). 

T h e highest counts, i t w i l l be observed, are i n the m i l k molar . T h e 

protocone (table 12) is rather elongated i n M 1 , longer even that o f M 1 

a n d M 2 i n the y o u n g adult f r o m B K I I , 155. T h e protocones o f the 

premolars have just been touched b y wear a n d appear v e r y smal l as a 

result: they are already t h i c k l y covered b y cement a n d can be measured only 

o n the occlusal surfaces. 

3 
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T A B L E II 

P l i c a t i o n numbers i n upper teeth o f O l d u v a i s k u l l B K I I , no. 283 

prefossette postfossette 

ant. post. ant. post. pli caballin 

p2 2-3 3-4 2-3 I I 
P3 2-3 3-5 1-2 0 I 
D M * 2 7 5 3 2 
M i 1-2 4-5 2-3 1-2 I 
M2 I 3 2 I I 

T A B L E 12 

D e n t a l measurements of O l d u v a i s k u l l B K I I , no. 283 ( m m ) 

P 2 , ant. post. 34 
transv. 25 
protocone, ant. post. 11 

transv. 3 
P 3 , ant. post 30 

transv. 27 
protocone, ant. post. 9 

transv. 2.5 
D M * ant. post 28 

transv. 24.5 
protocone ant post 11 

transv. 5 

M 1 , ant. post. 26 
transv. 24.5 
protocone, ant. post. 12 

transv. 3.5 
M 2 , ant. post 25 

transv. 22.5 
protocone, ant. post. 8.5 

transv. 2.5 

T h e teeth i n the subadult s k u l l h a d to be measured near the top o f the 

c r o w n , whereas those i n the adult s k u l l o f B K I I are measured near the 

base: the lesser anteroposterior lengths i n the m o r e w o r n teeth are thus 

accounted for , a n d there is no doubt that the t w o skulls are conspecific. 

T h e incisors o f Eurygnathohippus cornelianus V a n H o e p e n (1930) are 

more hypsodont than those of the earl ier Hipparion, a n d the t h i r d inc isor 

is reduced i n size, w h i c h i s another advanced character. O f the f o u r anter ior 

dentit ions o f "Stylohipparion" f i g u r e d by L e a k e y (1965, p i . 20) I have 

studied three, v i z . , two l o w e r (upper figs.) a n d one upper (bottom, left 

f i g u r e ) . T h e upper incisors ( O L D / 5 5 , B K I I , no. 264, p i . 11 f i g . 1) are 

less w o r n than those i n s i tu i n s k u l l no. 2845/6 o f the same deposit: the 

w i d t h o f the central incisors on the occlusal surface is s t i l l 22 m m against 

20 m m i n no. 2845 since the c r o w n n a r r o w s r o o t w a r d i n the I 1 . T h e 

external height o f the I1 f r o m the w o r n edge to the base of the enamel i n 

no. 264 is 70 m m i n a straight l ine , and 8 0 m m along the curve; these 

measurements are 50 m m , a n d 55 m m , respectively, i n no. 2845. A t 50 m m 

f r o m the base o f the c r o w n of I i i n no. 264 the w i d t h is reduced to 20 m m , 
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and the w i d t h is only i 6 m m at 20 m m f r o m the enamel base external ly . 

12 does not taper as m a r k e d l y t o w a r d the base as does I 1 : the occlusal 

w i d t h of I 2 is 22 m m both i n no. 264 a n d i n no. 2845, a n ^ a t 2 0 m m f r o m 

the c r o w n base the w i d t h of I 2 s t i l l is 18 m m . I 3 is m u c h reduced a n d w o r n 

very obliquely: its greatest w i d t h is 14 m m i n no. 264 (15 m m i n no. 2845) , 

and its total height no more than 45 to 50 m m . I t is placed r ight behind I 2 . 

T h e premaxi l lar ies f r o m the A t e r i r Beds described above, associated 

w i t h cheek teeth that belong to Hipparion primigenium, show that I 3 is 

w i d e r than I 2 at identical levels, wheres i n the O l d u v a i Hipparion I 3 is 

n a r r o w e r than I 2 . T h e incisors f r o m A t e r i r , however, have thick enamel 

on the labial surface, th inner enamel l ingual ly , a n d large cups w i t h a very 

th in and w a v y enamel border a n d completely f i l led w i t h cement. E v e n the 

longi tudinal g r o o v i n g of the enamel surface is seen i n the A t e r i r specimens. 

H e n c e , their is no fundamental d i f ference between the ear l ier a n d the 

later Hipparion i n the c o n f i g u r a t i o n of the i n c i s o r m a r k s . T h e labio- l ingual 

diameters o f I 2 a n d I 3 are 12 m m , and 11 m m , respectively, i n the A t e r i r 

Hipparion: i n the O l d u v a i Hipparion specimens f r o m B K I I (both no. 

264 a n d no. 2845) these diameters are 13 m m , a n d 10 m m , respectively. 

T h i s shows that i n H. primigenium, as i n H. turkanense, the reduction i n 

size of the t h i r d incisor is less m a r k e d than i n the later Hipparion. 

T h e two l o w e r anterior dentit ions o f "Stylohipparion" f r o m O l d u v a i 

B K I I ( p i . 12 figs. 1-3) are almost exact replicas o f the o r i g i n a l V a n 

H o e p e n Eurygnathohippus cornelianus but m o r e complete: the t h i r d i n 

cisors are entire. T h e y are smaller than those i n the upper j a w , o n l y 9-10 

m m w i d e by a w i d t h o f I x o f 21 m m , a n d o f I2 of 22-23 m m - ^ n n o - °^7/ 

5344 they f i t into a posterior groove i n I 2 just laterally o f the centre o f 

the c r o w n , r e c u r v i n g i n w a r d at the t ip , w h i l e i n no. 293 they are s l ightly 

m o r e lateral i n posit ion. A l l I 3 have a transversely concave occlusal surface; 

this concavity is caused by wear against the lateral ridge of its antagonist 

i n the upper jaw. T h e j o i n e d occlusal surfaces of the f i rs t a n d second i n 

cisors are s l ightly convex i n the upper, a n d sl ightly concave transversely 

i n the lower jaw. B o t h o f the lower inc isor dentit ions occlude w i t h the 

upper no. 264 v e r y wel l , almost as i f they h a d belonged to the same i n 

d i v i d u a l . T h e r e are a n u m b e r of isolated Hipparion incisors i n the O l d u v a i 

collection s h o w i n g something of the amount of i n d i v i d u a l v a r i a t i o n , and 

these w i l l n o w be considered. 

A n I 1 a n d a n I 2 s in . , B K I I nos. 50 a n d 52, collected i n 1952, 

belong to the same i n d i v i d u a l as they f i t exactly i n t e r p r o x i m a l l y , a n d are 

m u c h w o r n d o w n . T h e c r o w n is w o r n to 35 m m f r o m the external enamel 

base, and the tapering roots are 30 m m long. I 1 is 17 m m w i d e at the oc-
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clusal surface, a n d only 13 m m at the c r o w n base. I 2 , w i t h the oblique 

occlusal surface, shows the lateral posterior groove that lodged I 3 . T h e 

occlusal surface is 20 m m wide, but the transverse w i d t h of the c r o w n at 

that level is o n l y 17 m m , d i m i n i s h i n g only to 16 m m just above the root. 

B o t h specimens show that the cup, at this l o w level, is subdivided by a n 

enamel p a r t i t i o n i n the centre, leaving two cement-f i l led enamel islets the 

lateral o f w h i c h is the larger i n both (p i . 13 f i g . 3 ) ; the islets are larger 

i n I i than i n I 2 . I 1 has a shal low longi tudinal median groove external ly , 

as is also seen i n the central incisors of the B K I I sets nos. 2845 a n < ^ 2 ^ 4 J 

i n I 2 this groove is so weak as to be pract ical ly absent, i n the basal part 

of the c r o w n preserved. L a b i o l i n g u a l l y the diameters are 14 m m i n I 1 , and 

12.5 m m i n I 2 , r e m a i n i n g the same d o w n to the root. T h e dimensions are v e r y 

m u c h the same as those o f I 1 a n d I 2 i n the i n d i v i d u a l l y younger sets of 

B K I I a lready mentioned, taken at the same level. A n isolated I 1 s in . , 

O L D / 5 2 , G R C . S, no. 553, is 19 m m transversely at the w o r n surface, 

40 m m f r o m the base, intermediate between B K I I no. 50 a n d B K I I no. 

2845. T h e w i d t h of the cement-f i l led cup diminishes r o o t w a r d as does the 

transverse diameter: 15.5 m m i n no. 2845 ( S ° m m high, as w o r n ) , 14 m m 

i n no . 553 ( 4 0 m m h i g h as w o r n ) , and 10.5 m m i n no. 50 (35 m m h i g h as 

w o r n ) . 

T h e r e r e m a i n f ive f ragmentary specimens o f the upper second incisor , 

none w i t h the base preserved but showing the asymmetry characteristic of 

a n I 2 a n d the occlusal surface f a l l i n g o f f t o w a r d the lateral side, w i t h the 

posterior lateral groove into w h i c h fits the I 3 . T h e specimens, w i t h their 

transverse a n d labiol ingual diameters, are: I 2 dext., O L D / 5 3 , S H K I I , 

no. 243 (21 b y 14 m m ) ; I 2 dext., O L D / 5 7 , S H K I I , no. 438 (20 by 13.5 

m m ) ; I 2 s in . , O L D , G R K I I , no. 1220 (20 b y 14 m m ) ; I 2 s in . , O L D / 5 5 , 

B K I I , no. 180 (21 by — m m ) , a n d I 2 s in . , O L D / 5 7 , S H K I I , no. 291 

(19.5 by 12.5 m m ) . O n e isolated I 3 d e x t , O L D / 6 2 , H W K Ε I I , no. 2889, 

resembles that i n no. 2845 closely, a n d is only s l ightly larger (17 by 11 m m ; 

15 by 10 m m i n no. 2845) . 

U p p e r a n d l o w e r Hipparion incisors are a l ike i n characters, a n d d i f f e r 

merely i n the ir degree o f curvature: the lowers are less curved. I n V a n 

H o e p e n ' s specimen f r o m C o r n e l i a the crowns of I 3 are incomplete, a n d 

the O l d u v a i specimens show f o r the f i rs t t ime what they look l ike . F u r t h e r , 

the interalveolar border behind I 3 is entire i n both specimens to w e l l behind 

the body o f the mandible, the median posterior border o f the symphysis , 

a n d i t shows n o trace of a canine, small o r large, w h i c h may indicate that 

they represent female indiv iduals unless canines had become completely 

reduced i n both sexes i n the advanced Hipparion. It w i l l be remembered 
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that the snout of the adult O l d u v a i B K I I s k u l l no. 2845 does not indicate 

the presence of canines either. Canines are absent i n the L a e t o l i l symphysia l 

portions, too ( D i e t r i c h , 1942: 9 7 ) . 

T h e r e is one set of r ight a n d left f i rs t a n d second lower incisors, cer

tainly f r o m a single i n d i v i d u a l , collected at O l d u v a i , H W K I I ( L o w e r B e d 

I I ) i n 1959 ( p i . 13 f ig . 1). Ix is w o r n external ly to 30 m m f r o m the enamel 

base, and I 2 to 42 m m f r o m the base; a l l show a labiol ingual part i t ion i n 

the cup. T h e specimens, w i t h the transverse a n d labiol ingual diameters at 

their occlusal surfaces, are: I x dext. no. 462, I x s in. no. 466 (18 by 11 

m m ) ; I 2 dext. no. 465, I 2 s in . no. 461 (19 by 12.5 m m ) . T h e external 

surface o f a l l incisors shows a shallow median groove, whi le l i n g u a l l y there 

is a longi tudinal r idge, f lanked by two f ine grooves. 

A p a i r of llf fortunately u n w o r n and v e r y nearly entire, l a c k i n g only 

the roots, O L D / 5 7 , S H K I I , no. 749 (It dext.) and no. 454 ( I x s in.) (p i . 

15 f i g . 6 ) , gives a f u l l c r o w n height of 67 m m i n a straight l ine (73 m m 

along the curve) external ly; the w i d t h at the top is 21 m m , a n d is 18 m m 

at 30 m m f r o m the base, whi le the labiol ingual diameter remains 12 m m d o w n 

to one c m f r o m the base. T h e cup i n its v i r g i n state is nearly f u l l of cement; 

the external enamel w a l l , w h i c h is higher than the l ingual w a l l , has a longi 

tudinal groove external ly , at about one-third of the w i d t h f r o m the median 

edge, w h i c h flattens out o n l y close to the base of the c r o w n . Opposi te to 

this groove, on the i n n e r surface o f the enamel, there is a sharp ridge, 

w h i c h i n w o r n teeth makes f o r a n i n f o l d i n g of the cup. A s i m i l a r but less 

developed ridge is placed at about one- t h i r d of the w i d t h f r o m the lateral 

c r o w n edge. T h u s , the tr ipart i te outl ine o f the cup comes into being. T h e 

l i n g u a l median ridge o f the c r o w n , w h i c h is n a r r o w apical ly a n d forms a 

point on the u n w o r n c r o w n edge, widens r o o t w a r d as the grooves f l a n k i n g 

it f latten out. These superb specimens ( I x s in . is damaged a long the c r o w n 

edge medial ly a n d l ingual ly , as w e l l as a long the base, but I x dext. is i n its 

pr is t ine state) demonstrate the extreme hypsodonty of the incisors of the 

O l d u v a i Hipparion, i n perfect h a r m o n y w i t h the specializations seen i n 

the cheek teeth. T h e w o r n I x dext. of the symphysia l p o r t i o n O L D / 5 5 , 

B K I I , no. 293, w h i c h fortunately can be extracted, has a c r o w n height as 

such of 53 m m , a n d at the top measures 20 m m transversely a n d 12 m m 

labiol ingual ly , as does the u n w o r n I x at the same level. A t the base these 

diameters are 13 by 13 m m i n both. T h e central incisors i n the symphysis 

f r o m B K I I , no. 293, therefore, had already lost some 15 m m i n height 

through wear. 

T w o specimens of the second incisor , I 2 dext., O L D / 6 3 , M N K I I , no. 

2331, a n d I 2 s in . , O L D / 6 3 , M N K I I , no. 3024, belong to one and the same 
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i n d i v i d u a l . B o t h are w o r n , though not very m u c h so: the transverse c r o w n 

w i d t h apical ly is 23 m m . T h e w i d t h is st i l l 18 m m 50 m m l o w e r d o w n , 

where I 2 dext. has b r o k e n of f . These I 2 have two grooves external ly , w i t h 

a weak median ridge i n between, but the lateral o f the grooves is rather 

weak. T h e w o r n I 2 dext. o f the symphysia l p o r t i o n O L D / 5 5 , B K I I , no. 

293, w h i c h can be taken out of its alveolus, has a height as preserved of 

55 m m , 23 m m transversely at the top, and 15 by 13.5 m m at the base: the 

w i d t h is 18 m m at 2 0 m m above the enamel base. T h e f u l l height of I 2 w h e n 

u n w o r n m a y have been a r o u n d 70 m m . 

O n e isolated I x dext., O L D / 5 7 , B K I I , no. 1458, s l ightly w o r n , measures 

70 m m i n height i n a straight l ine, 75 m m a long the external curve. T h e 

transverse a n d labiol ingual diameters are 23 a n d 11 m m at the top, a n d 13 

a n d 12 m m at the base of the c r o w n . T h i s specimen is the largest, a n d 

most flattened lt that I have seen. 

T h r e e isolated central l o w e r incisors r e m a i n i n g i n the collection are: It 

dext., O L D / 5 7 , B K I I I E , no. 1440, 20 by 10 m m at the top; O L D / 5 7 , 

S H K I I , no. 549, 20 by 12 m m at about 40 m m above the imperfect base, 

a n d O L D / 6 3 , B K I I , no. 1122, a m u c h w o r n I x dext. measur ing 14 by 12 

m m one c m f r o m the base. T h e root is preserved i n the specimen mentioned 

last: i t is 25 m m long, tapers to a point, but swol len labiol ingual ly , g i v i n g 

a m a x i m u m diameter i n that d i r e c t i o n of no less than 15 m m . I n this spec-

c imen, the cup is subdivided into three enamel islets by two part i t ions, o f 

w h i c h the lateral is the smallest. T h e median l i n g u a l r idge is st i l l distinct 

i n this basal p o r t i o n , more so than i n any of the other I j seen by me. 

S i x isolated second lower incisors , w i t h incomplete bases, a n d v a r y i n g i n 

height as preserved f r o m 25 to 50 m m , w i t h the c r o w n diameters at the top, 

are: I 2 dext. O L D / 5 9 , H W K I I , no. 463 (ca. 20 by 13 m m ) ; I 2 s in . , 

O L D / 5 3 , B K I I E x . , no. 62 (20 b y 12.5 m m ) ; I 2 s in. , O L D / 5 7 , S H K I I , 
n o - 597 ( 2 3 b y T 3 m m ) ; I 2 s in . , O L D / 5 7 , S C I I S, no. 360 (22 by 12.5 m m ) ; 

I 2 s in . , O L D / 6 3 , T K I I , no. 1760 (22 by 13.5 m m ) , a n d I 2 s in . , O L D / 6 3 , 

F C I I , no. 6601 (ca. 22 by 11 m m ) . 

O t h e r than the I 3 i n the two symphysia l port ions nos. 067/5344 a n d 293 

there are n o t h i r d lower incisors i n the O l d u v a i collection. T h e i r c r o w n 

height is some 30 m m as w o r n ; the occlusal surface is merely a posterior 

extension o f that o f I 2 a n d less than one-half its w i d t h (9-10 m m ) b y 

9 m m labiol ingual ly . T h e root, w h i c h is exposed on the left side i n the 

symphysis O L D / 5 5 , B K I I , no. 293, is swol len (10.5 by 10 m m ) but tapers 

apical ly, i ts length is u n k n o w n . 

T h e r e is a single, isolated m i l k inc isor of Hipparion i n the O l d u v a i col

lection, m a r k e d B K I I , 4 / L S , no. 2774 ( p i . 16 f i g . 1). T h a t it belongs to 
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the advanced Hipparion o f the O l d u v a i Beds rather than Equus is clear 

f r o m the cement-f i l led, large cup, i n w h i c h there is a par t i t ion cutt ing o f f 

the medial p o r t i o n as a separate islet, just as i n the permanent lower i n 

cisors that have undergone appreciable wear. T h e specimen is low-crowned, 

m a r k e d l y w i d e n i n g apical ly , and undoubtedly represents D I 2 s in . T h e 

transverse a n d labiol ingual diameters o f the w o r n c r o w n are 18 b y 8.5 m m . 

T h e external c r o w n height is only 12 m m , a n d the l o w e r m a r g i n of the 

t h i n enamel is curved u p w a r d external ly . O f the root n o m o r e than 7 m m 

remain, the remainder has been resorbed a n d the m a r k f o r the developing 

I 2 behind it is seen i n the root port ion l ingual ly . A n u n f i g u r e d D I 2 f r o m 

A ï n B r i m b a i n southern T u n i s i a ( V i l l a f r a n c h i a n ) , v e r y s i m i l a r to the B K I I 

specimen i n dimensions, has been recorded as Stylohipparion libycum 
( P o m e l ) b y A r a m b o u r g (1970: 8 5 ) . 

T h e r e are 17 specimens o f P 2 i n the O l d u v a i collection, 10 f r o m the 

r ight a n d 7 f r o m the left side, a l l isolated a n d w i t h the base tolerably w e l l 

preserved. E a c h series has been arranged according to increasing wear; 

none o f the teeth is u n w o r n . P 2 dext.: 1, O L D / 5 7 , B K I I , no. 879; 2, 

O L D / 6 3 , B K I I , no. 1775; 3, O L D / 5 7 , S H K I I , no. 339; 4, O L D / 5 7 , 

S H K I I , no. 682; 5, O L D / 5 5 , B K I I , no. 101; 6, O L D / 6 3 , B K I I , no. 

2759; 7, O L D / 5 2 , D C I I , no. 57; 8, O L D / 5 3 , B K I I E x . , no 337; 9, 

O L D / 5 7 , S H K I I , no. 192; 10, O L D / 6 1 , J K 2 , T ; P 2 s i n . : 11, O L D / 5 5 , 

B K I I , no. 100; 12, O L D / 5 3 , B K I I ; 13, O L D / 6 3 , B K I I , no. 2688; 14, 

O L D / 6 2 , S H K I I , no. 536; 15, O L D / 6 3 , F C I I W , no. 1207; 16, O L D / 

57, S H K I I ; 17, O L D / 5 7 , S H K I I , no . 451. O n e o f these specimens, 

15, has a truncated anter ior edge, a n d its anteroposterior diameter (at 2 c m 

f r o m base) is on ly 25 m m ; i n the others i t varies f r o m 29 to 33.5 m m . 

T h e transverse c r o w n diameter, l ikewise at 2 c m f r o m the c r o w n base, 

runs f r o m 22 to 24.5 m m , a rather u n i f o r m series. T h e p l i counts are (1-3)-

( 2 - 5 ) - ( 2 - 4 ) - ( 1 - 2 ) , a n d the p l i caball in is i n v a r i a b l y single. T h e protocone 

is internal ly flattened, sometimes pointed at both ends, a n d f r o m 7.5 to 

10 m m i n length b y a w i d t h (occlusal ly) o f 3-5 m m . T h e single P 2 o f Hip
parion libycum f r o m A ï n B r i m b a ( A r a m b o u r g , 1970: 87, p l . X V I f i g . 7, 7a) 

is 41 m m anteroposteriorly i n its s l ightly w o r n state occlusally, but at 2 c m 

f r o m the base this d i m e n s i o n w o u l d not be more than 37 m m ; i t exceeds a l l 

the k n o w n O l d u v a i P 2 i n size. T h e least w o r n o f the O l d u v a i P 2 (1 and 11) 

are 6.5 c m high . 

A m u c h w o r n r ight upper tooth series, l a c k i n g the anter ior premolar a n d 

the last molar , is O L D / 5 5 , B K I I , no. 222. P 3 a n d P 4 , w o r n to less than 

2 c m of height a n d exceedingly s imi lar , have a b i f i d caballine f o l d and 

protocones 11 by 5.5 m m i n diameters; i n M 1 a n d M 2 , w h i c h d i f f e r f r o m 
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the premolars i n h a v i n g a n a r r o w e r parastyle (subequal to the mesostyle) 

the p l i cabal l in is single, a n d the protocone 10.5 by 4.5 m m . P 3 - M 2 measure 

92 m m i n length; the w i d t h is 26 m m i n the premolars a n d 24.5 m m i n the 

molars. 

Isolated Ρ 3 o r P * are as fo l lows: PS-4 dext.: 1, O L D / 5 7 , S H K I I , no. 

189; 2, O L D / 5 9 , P D K S, no. 179; 3, O L D / 6 3 , B K I I , no. 3358; 4, O L D / 

55, B K I I , no. 138; 5, O L D / 5 7 , B K I I , no. 500; 6, O L D / 5 5 , B K I I , no. 3; 

7, O L D / 5 9 , E K K , no. 35; 8, O L D / 5 3 , S H K I I , no. 238; 9, O L D / 5 7 , 

S H K I I , no. 384; 10, O L D / 6 3 , M N K I I , no. 1519; 11, O L D / 5 3 , B K I I 

E x . , no. 340; P3-4 s i n . : 12, O L D / 5 5 , B K I I , no. 2; 13, O L D / 5 3 , B K I I ; 

14, O L D / 5 7 , S H K I I , no. 650; 15, O L D / 5 7 , B K I I , no. 651; 16, O L D / 5 7 , 

F C S, no. 1395; 17, O L D / 6 0 , G u l l y opposite F L K , S; 18, O L D / 5 5 , B K 

I I ; 19, O L D / 5 7 , S H K I I , no. 683; 20, O L D / 5 5 , B K I I , no. 52; 21, O L D / 

57, S H K I I E , no. 1201; 22, O L D / 5 7 , S H K I I , no. 1301; 23, O L D / 5 2 , 

S W K , no. 572; 24, O L D / 6 1 , J K 2 , 6; 25, O L D / 6 3 , M N K I I , no. 3404; 

26, O L D / 6 1 , J K 2 , T ; 27, O L D / 5 7 , B K I I , no. 1072. T h e specimens that 

are least w o r n (1 , 2, 12, 13) are 6.5 to 7 c m i n height, w i t h p l i counts 

( 2 - 3 ) - ( 5 - 6 ) - ( 2 - 4 ) - i ; one (13) has a double p l i cabal l in. I n specimens w o r n 

to about 2 c m of height the pl is are no less i n n u m b e r . T w o specimens w o r n 

to 5 c m (5 a n d 15) have duplicated caballine folds. T h e anteroposterior 

diameters v a r y f r o m 22.5 to 25.5 m m , a n d the transverse f r o m 23 to 25 m m , 

at 2 c m above the base. T h e protocone is very l o n g (13 b y 3 m m ) i n 5, but 

9-5 by 5.5 m m i n 7, these two specimens representing approximate ly the 

extent o f var ia t ion . S l i g h t l y w o r n P 3 4 o f Hipparion libycum measured 29-32 

m m anteroposteriorly a n d 27.5-31 m m transversely at the top ( A r a m b o u r g , 

1970: 8 7 ) ; those of the subadult B K I I skul l no. 283, w h i c h h a d be meas

ured near the top, are w i t h i n these l imits (table 11). 

T h e f i rs t a n d second upper molars of O l d u v a i , right a n d left, arranged 

i n each series according to increasing wear, are: M 1 * 2 dext.: 1, O L D / 5 7 , 

S H K I I , no. 544; 2, O L D / 6 3 , B K I I , no. 319; 3, O L D / 5 2 , D C I I - I I I , 

no. 570; 4, O L D / 5 5 , B K I I , no. 25; 5, O L D / 5 7 , S H K I I S, no. 419; 

6, O L D / 5 1 , B K I I , no. 981; 7, O L D / 5 2 , B K I I , no. 305; 8 O L D / 

55, B K I I , no. 53; 9, O L D / 5 2 , B K I I , no. 57; 10, O L D / 5 7 , B K I I , 

no. 1021; I i , O L D / 6 3 , B K I I , no. 3387; 12, O L D / 5 3 , B K I I E x . , no. 339; 

13, O L D / 6 3 , B K I I , no. 2488; 14, O L D / 5 5 , B K I I , no. 320; 15, O L D / 5 9 , 

K K I , no. 314; 16, O L D / 6 3 , T K I I , no. 208; 17, O L D / 5 7 , S H K I I , no. 

615; 18, O L D / 6 0 , S H K I I , no. 068/6149; 19, O L D / 6 3 , B K I I , no. 2100; 

20, O L D / 5 7 , B K I I , no. 494; M i * 2 s i n . : 21, O L D / 5 2 , B K I I , no. 58; 22, 

O L D / 5 5 , B K I I , no. 140; 23, O L D / 5 5 , S H K I I , no. 28; 24, O L D / 5 7 , 

S H K I I , no. 190; 25, O L D / 5 7 , S H K I I , no. 252; 26, O L D / 5 7 , S H K I I , 
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no. 616; 27, O L D / 5 7 , B K I I , no. 1357; 28, O L D / 5 7 , S H K I I , no. 784; 

29, O L D / 5 2 , B K I I , no. 59; 30, O L D / 5 7 , S H K S, no. 102; 31, O L D / 6 3 , 

B K I I , no. 1623; 32, O L D / ? , S W K I I base, no. 567; 33, O L D / 5 2 , M R C 

I I , no. 569; 34, O L D / 5 7 , S H K I I , no. 434; 35, O L D / 6 3 , B K I I , no. 2306; 

36, O L D / 6 3 , B K I I , no. 8 2 0 ; 37, O L D / 6 1 , J K 2 , 6; 38, O L D / 6 3 , M N K 

I I , no. 1281; 39, O L D / 5 7 , S H K S, no. 78; 40 O L D / 6 3 , B K I I , no. 13; 

41, O L D / 6 3 , B K I I , no. 2308; 42, O L D / 5 5 , B K I I , no. 4. T h e least w o r n 

specimens (1-5 and 21-25) have c r o w n heights of 7.5 to 8 cm, taken at 

the mesostyle. I n these molars , the p l i counts m a y be up to 3-7-3-3, w i t h 

single caballine folds (double i n 4 ) , but molars i n m e d i u m wear may have 

the same p l i numbers , a n d the complexi ty of the pattern does not seem to 

be affected by wear even further than that, as is shown by specimens 

17-20 a n d 41-42, w o r n to less than 3 c m of height. Protocone diameters 

also remain rather constant; although the longest protocones (13 m m ) are 

seen i n s l ightly w o r n molars the anteroposterior diameter does not d i m i n i s h 

m a r k e d l y rootward , whi le the transverse diameter has a tendency to increase 

somewhat, as does that of the hypocone, w h i c h is m o r e produced basally 

than apical ly. T h e c r o w n diameters, taken as usual ly at 2 c m f r o m the base, 

v a r y f r o m 20.5 to 24.5 m m anteroposteriorly and f r o m 21 to 24 m m 

transversely. I n Hipparion libycum ( A r a m b o u r g , 1970: 89, p l . X V I I figs. 

5-7) larger anteroposterior diameters are g i v e n , but A r a m b o u r g took these 

at the top (as his f igures s h o w ) , and at the level at w h i c h I take the 

measurements his specimens do not exceed m y m a x i m u m . 

T h e last upper m o l a r is a somewhat m o r e variable element than are M 1 2 ; 

the metacone m a y be rather produced basally, increasing the anteroposter

i o r diameter. H o w e v e r , since this posterior metacone bulge is restricted 

only to the basal c m it does not affect m y measurements, w h i c h I take at 

2 c m f r o m the base. M 3 dext.: 1, O L D / 6 1 J K 2, bottom; 2, O L D / 6 1 , J K 2 , 6; 

3, O L D / ? , G C I I I - I V j u n c t i o n , no. 573; 4, O L D / 6 3 , T K I I , no. 1606; 

5, O L D / 5 5 , B K I I , no. 51; 6, O L D / 5 3 , B K I I E x . , no. 338; 7, O L D / 5 5 , 

B K I I , no. 284; 8, O L D / 5 7 , S H K I I , no. 253; 9, O L D / 6 2 , J K 2 / B Í P 4 ; 

10, O L D / 6 1 , J K 2 , T ; i l , O L D / 5 7 , S H K I I , no. 127; 12, O L D / ? , M N K 

11, I / i , no. 67/1490; M 3 s i n . : 13, O L D / 5 3 , B K I I , no. 8; 14, O L D / 6 2 , 

J K 2 , A 2918; 15, O L D / 5 5 , B K I I , no. 50; 16, O L D / 5 7 , S H K I I , no. 191; 

17, O L D / 5 3 , S H K I I , no. 237. T h e greatest preserved height, i n a straight 

l ine at the mesostyle (1, 2, 13) is 6.5 to 7 cm. T h e c r o w n diameters v a r y 

f r o m 20 to 25.5 m m anteroposteriorly, a n d f r o m 18.5 to 23 m m trans

versely. P l i c a t i o n numbers are ( i - 2 ) - ( 4 - 7 ) - ( 2 - 3 ) - ( o - 4 ) , a n d the caballine 

f o l d is i n v a r i a b l y single. T h e protocone appears rather compressed laterally, 
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as a result of the obl iquity of the occlusal surface; the hypocone remains 

w e l l i n d i v i d u a l i z e d except i n the most w o r n d o w n specimens. 

T h e r e are several entire lower cheek tooth series i n situ as wel l as series 

l a c k i n g one tooth only , as fo l lows: 

O L D / 5 2 , B K I I , no. 301: P 2 - M 3 s in . 

O L D / 6 0 , F L K I , F 250 ( f i g u r e d i n Leakey , 1965, p i . 19): P 2 - M 2 dext. 

O L D / 6 2 , J K 2 , G e o l . P i t 8, no. 1620: P 2 - M 2 s in . 

O L D / 5 5 , B K I I , no. 1: P 3 - M 3 dext. 

O L D / 5 3 , B K I I E x . , no. 93: P 3 - M 3 s in . 

O L D / 5 7 , S H K I I , no. 335: P 2 - P 3 erupt ing, D M 4 , M x - M 2 dext. et s in . 

T h e oldest specimen, f r o m F L K I , the Zinjanthropus level, unfortunately 

is rather w o r n d o w n so that its hypsodonty cannot be studied: P 2 is w o r n 

to 1.5 c m , as i n M 2 . T h e ectostylids are 8.5 b y 3.5 m m i n the premolars, 

a n d 6.5 b y 2.5 m m i n the molars. T h e metaconid-metastyl id loops are 

angular, especially that of the metastyl id, a n d the val ley i n between is rather 

deep, w i t h straight sides, i n P ^ M ^ shallower a n d more rounded i n P 2 

a n d M 2 . P r o t o s t y l i d s show as isolated knobs i n P 3 and P 4 , and are con

fluent w i t h the protoconid i n M x a n d M 2 . Ptychosty l ids h a r d l y show, i n 

this advanced stage o f wear. T h e length P 2 - M 2 is 126 m m along the c r o w n 

bases. T h e specimen f r o m J K 2 , G e o l . P i t 8, w h i c h is f r o m B e d I I I and 

almost certainly f r o m the artefact h o r i z o n i n T r e n c h 8 ( M r s . M . R . H a l -

demann-Kle indienst , pers. c o m m . ) , is w o r n to the same degree and the 

length P 2 - M 2 is 120 m m . T h e ectostylids are s l ight ly smaller (6 b y 3 m m 

i n the premolars , a n d 5 b y 2.5 m m i n the m o l a r s ) , but the conf igurat ion of 

the " t i e " is the same. T h e three specimens f r o m B K I I as wel l as the m a n y 

isolated teeth f r o m that level show that this is no more than i n d i v i d u a l 

v a r i a t i o n among contemporaneous specimens. I n the most complete spec

i m e n , O L D / 5 2 , B K I I , no. 301 ( p i . 14 f ig . 2 ) , w h i c h is less w o r n than 

the B e d I and B e d I I I specimens ( w o r n height of M 2 4.5 c m ) , the length 

P 2 - M 2 is 130 m m along the alveolar border, a n d the ectostylids f o r m 

enamel f igures that are 10 b y 4 m m i n P 2 - P 3 , 8.5 by 3.5 m m i n P 4 , 6.5 

by 3.5 m m i n Μ χ - Μ 2 , and 4 by 2 m m i n M 3 . 

C o m p a r i s o n o f O L D / 5 2 , B K I I , no. 301 w i t h the S h u n g u r a M e m b e r B 1 1 

mandible ( L . 1-40), w h i c h is l ikewise w o r n to a height of M 2 o f 4.5 c m 

( p i . 14 figs. 2 a n d 1) shows that the ectostylid f igures are larger i n the 

O l d u v a i specimen, w h i c h is at least one m i l l i o n years younger than the 

S h u n g u r a M e m b e r B 1 1 specimen. T h e height o f the lower j a w of O L D / 

57, S H K I I , no. 335, w h i c h is not even adult as M 3 has not cut the gums 
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yet, is 95 m m at M1 a n d n o m m just b e h i n d M 2 ; these f igures are 80 m m , 

a n d 90 m m , respectively, i n the adult S h u n g u r a M e m b e r B 1 1 mandible. 

T h e ectostylids do not show occlusally i n the v e r y sl ightly w o r n M x and M 2 

of the S H K I I mandible; evidently the ectostylids do not extend a l l the 

w a y to the top of he c r o w n , even i n "Stylohipparion" (v ide the lower molar 

o f "Stylohipparion hipkini" i n V a n H o e p e n , 1932, f igs. 14-17). T h e pty

chostyl id does show i n the M x - M 2 as a dist inct l itt le twist , but the proto

s t y l i d cannot be seen yet. T h e measurements, w h i c h must needs be taken 

at the alveolar borders, are presented i n table 13. 

T A B L E 13 

Measurements o f teeth of O l d u v a i mandibles ( m m ) 

p2 p3 p4 M l M 2 M3 

B K II, no. 301 30 X 17 25 X 18 23 X 17 23 X 16 21 X 15 25 X 13 

F L K I, F 250 27 X 15 23 X 16 23 X 16 22 X 15 24 X 15 
JK2, Geol. Pit 8, 1620 27 X 15 24 X 16 22 X 15 22 X 15 22 X 15 
B K II, no. ι — X 14 2 0 X 1 5 2 0 X 1 4 2 0 X 1 3 2 6 X 1 2 
B K II Ex., no. 93 — X 18 23 X 18 22 X 17 23 X 15 31 X i5 
S H K II, no. 335 25 X 16 28 X 14 

O f the anter ior l o w e r premolar , P 2 , there are the f o l l o w i n g isolated 

O l d u v a i specimens: P 2 dext.: 1, O L D / 5 5 , B K I I , no. 275; 2, O L D / 5 9 , 

L G K I I , no. 391; 3, O L D / 5 3 , M N K I I , T r . I S, no. 068/6114; 4, O L D / 

55, B K I I , no. 54; 5, O L D / 6 2 , J K 2 , A 5271/F3; 6, O L D / 6 3 , B K I I , no. 

940; 7, O L D / ? , B K I I E x . , no . 3171; P 2 s i n . : 8, O L D / 5 5 , B K I I , no. 139; 

9, O L D / 6 3 , M N K I I , no. 2326; 10, O L D / 6 3 , B K I I , no. 1354; 11, O L D / 

62, J K 2 , A 2971; 12, O L D / 5 5 , B K I I , no. 259. T h e only u n w o r n specimen 

(1) is incomplete at the base, a n d the t i p of the ectostylid remains 7 m m 

below the t i p of the hypoconid . T h e ectostylid is 7-9 m m anteroposteriorly 

at base, a n d either remains that l o n g anteroposteriorly f o r at least 4 c m 

o f height (3 , 9, a n d 10) o r tapers to 5 m m anteroposteriorly already 3.5 

c m above its base ( 4 ) . E x c e p t i o n a l l y smal l ectostylids, however, are seen i n 

2, 7, a n d (baseless) 5: the anteroposterior diameter is no m o r e than 5 m m 

at the lower enamel m a r g i n . T h e c r o w n diameters, taken as usual at 2 c m 

f r o m the base, v a r y f r o m 27 to 32 m m anteroposteriorly, a n d f r o m 14 to 

17 m m transversely. T h e metaconid is just a smal l f o l d i n 10, subequal to 

the metastyl id i n most specimens, but rather elongated i n 8 a n d 9. Specimen 

2 is peculiar i n that the m e t a f l e x i d a n d entof lex id are confluent, cutt ing 

o f f the " t i e " (metaconid-metastylid) ( p i . 16 f i g . 2 ) . T h i s specimen is w o r n 

to 4.5 c m of height. T h e p l i h y p o c o n i d i n the anterior p o r t i o n of the 

e n t o f l e x i d is seen i n 8 a n d 12, the latter w o r n to only 2.5 c m . 
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A P 2 dext. o f Hipparion libycum ( A r a m b o u r g , 1970: 89, p l . X V I I f i g . 

9, 9a) is 34 m m anteroposteriorly, just above the m a x i m u m of the O l d u v a i 

series. 

Isolated P 3 or P 4 , arranged according to increasing wear, r ight and left, 

are: P 3 . 4 dext.: 1, O L D / 5 5 , B K I I , no. 49; 2, O L D / 6 3 , M N K I I I / i , 

no. 486; 3, O L D / 6 3 , M N K I I , no. 119; 4, O L D / 5 3 , B K I I E x . , no. 348; 

5, O L D / 5 2 , B K I I , no. 62; 6, O L D / 5 7 , S H K I I , no. 452; 7, O L D / 5 2 , 

B K I I , no. 63; 8, O L D / 5 5 , B K I I , no. 285; 9, O L D / 5 2 , M R C , no 586; 

10, O L D / 6 1 , J K 2 , T ; H , O L D / 5 2 , S W K , no. 574; 12, O L D / ? , B K I I , 

no. 688; 13, O L D / 6 3 , B K Π , no. 2374; 14, O L D / 5 2 , C M K I V , no. 683; 

15, O L D / 5 5 , B K I I ; 16, O L D / 5 5 , B K I I , no. 273; 17, O L D / 5 5 , B K I I , 

no. 280; 18, O L D / 5 3 , S H K I I , no. 239; P 3 . 4 s i n . : 19, O L D / 6 3 , B K I I , 

no. 3363; 20, O L D / 5 7 , S H K Π , no. 796; 21, O L D / 5 2 , C M K I V , no. 837; 

22, O L D / 5 7 , S H K I I , no. 386; 23, O L D / 6 3 , M N K I I I I / i , no. 1586; 

24, O L D / 6 3 , B K I I , no. 2645; 25, O L D / 5 7 , S H K I I , no. 814; 26, O L D / 

55, B K I I , no. i n ; 27, O L D / 5 7 , S H K I I , no. 220; 28, O L D / 5 5 , B K I I , 

no. 321; 29, O L D / 6 3 , B K I I , no. 938; 30, O L D / 5 7 , B K I I , no. 1455; 

31, O L D / 5 7 , S H K I I , no. 113; 32, O L D / 5 3 , B K I I E x . , no. 214; 33, 

O L D / 6 3 , B K I I , no. 453; 34, O L D / 5 2 , S W K , no. 580; 35, O L D / 6 3 , 

B K I I , no. 1608; 36, O L D / 6 2 , J K 2 , A 3000; 37, O L D / 6 2 , J K 2 , G e o l . 

P i t 8, Sec. 3. These premolars v a r y between w i d e l i m i t s : the anteroposterior 

diameter f r o m 22 to 27 m m , a n d the transverse diameter f r o m 13 to 17.5 

m m , taken at 2 c m f r o m the base. T h e ectostylid m a y v a r y f r o m 7 to 11 m m 

anteroposteriorly at base, a n d the height of this structure, i n the least w o r n 

specimens (1, 2, 19; 8 o n p i . 17 f i g . 6) is at least 65 m m , showing an 

enamel r i n g o r oval at the occlusal surface (none of the specimens is quite 

u n w o r n ) . T h e f u l l height o f the O l d u v a i P 3 . 4 m a y safely be put at 75-80 

m m . T h e protosty l id is always well-developed, extending to a few m m 

f r o m the top o f the c r o w n , and the ptychostyl id shows best apical ly although 

it is s t i l l discernible i n specimens w o r n to less than hal f their o r i g i n a l 

height. O n e specimen (8) has a deformat ion i n its basal p o r t i o n : the 

antero-internal corner of the c r o w n is pushed i n ( f o r an internal v iew, see 

p i . 16 f i g . 5) f r o m 3 c m above the base (preserved external ly) on d o w n , 

the internal anteroposterior diameter thereby reduc ing f r o m 22 m m to only 

16 m m . A s a m u c h w o r n specimen this tooth m i g h t have been interpreted 

as representing a small Hipparion l ike H. sitifense. Y e t , its ectostylid is 

60 m m h i g h as w o r n , and its enamel f igure is s t i l l 5 m m anteroposteriorly 

at the top a n d 7 m m at its base. A typical , good-sized specimen, P 3 . 4 s in . , 

w i t h part of the posterior root, c r o w n height as w o r n 70 m m , O L D / 6 3 , 

B K I I , no. 3363 (19 i n the above l ist) is s h o w n occlusally a n d buccally i n 
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p l . i 6 f igs. 3 a n d 7. T h e angular i ty o f the metaconid a n d the metastyl id 

loops is not extremely m a r k e d i n this specimen; they m a y f o r m m a r k e d 

internal points also i n m e d i u m and late wear. T h e P 3 a n d P 4 o f Hipparion 
steytleri V a n H o e p e n (1932: 34, figs. 21-23) ° f C o r n e l i a are 64, and 74 

m m h i g h as w o r n , a n d the ectostylid shows occlusally i n P 3 , not i n P 4 , 

indicat ing a n ectostylid height of about 70 m m . T h e Mx a n d M 2 of Hip
parion libycum ( A r a m b o u r g , 1970: 89, p l . X V I I f i g . 12, 12a, p l . X V I I I 

f igs. 4, 4a, 5) are stated to be 28-30 m m anteroposteriorly, but these 

diameters have been taken apical ly: at 2 c m f r o m the base they are w i t h i n 

m y l imits . T h e ecto- and protostyl ids are as well-developed as i n the O l d u v a i 

premolars. 

A l t h o u g h there are numerous isolated specimens of the f i rs t a n d second 

lower m o l a r i n the O l d u v a i collection none of the specimens w i t h the base 

preserved is u n w o r n , a n d i f the c r o w n is u n w o r n the base is not complete. 

T h e specimens, arranged i n the same w a y as the premolars, are as fo l lows: 

Μχ.2 dext.: 1, O L D / 5 7 , S H K I I , no. 1300; 2, O L D / 6 3 , B K I I , no. 477; 

3, O L D / 5 3 , B K I I ; 4, O L D / 5 5 , B K I I , no. 169; 5, O L D / 5 7 , S H K I I , 

no. 388; 6, O L D / 5 2 , B K I I , no. 60; 7, O L D / 5 7 , B K I I , no. 1456; 8, 

O L D / 5 5 , B K I I , no. 14; 9, O L D / 6 1 , J K 2 , 6; 10, O L D / 6 2 , J K 2 , G N 6 1 ; 

I i , O L D / 5 7 , S H K I I , no. 812; 12, O L D / 6 3 , B K I I , no. 1069; 13, O L D / ? , 

D C I I I ; 14, O L D / 5 7 , B K I I , no. 1073; 15, O L D / 6 5 , M N K , S K / 1 - 2 , no. 

067/1492; 16, O L D / 5 2 , S W K I I , no. 578; 17, O L D / 6 1 , J K 2 , 6; 18, 

O L D / 5 5 , B K I I , no. 296; 19, O L D / 5 2 , S W K , no. 581; 20, O L D / 5 7 , 

B K I I , no. 687; 21, O L D / 6 1 , J K 2 , B ; 22, O L D / 6 3 , F C I I W , no. 333; 

23, O L D / 5 2 , S W K , no. 582; 24, O L D / 5 5 , B K I I ; 25, O L D / ? , B K I I , 

4 / C S , no. 067/1663; 26, O L D / 6 2 , J K 2 , Geol . P i t 8, Sec. 5, no. 1569; 27, 

O L D / 5 2 , F C S, 684; 28, O L D / ? , F C I I W , L S / 3 , no. 067/5266; 29, 

O L D / 6 3 , F C I I W , no. 140; 30, O L D / 6 1 , J K 2 , 6; M H s i n . : 31, O L D / 

5 9 , L G K I I , no. 3 9 4 ; 3* , O L D / 5 7 , S H K I I , no. 303; 33, O L D / 5 7 , S H K 

I I , no. 387; 34, O L D / 5 7 , S H K I I , no. 194; 35, O L D / ? , G C B e d I I I base, 

no. 585; 36, O L D / 5 3 , B K I I E x . , no. 104; 37, O L D / 6 3 , B K I I , no. 1607; 

38, O L D / 6 3 , B K I I , no. 1610; 39, O L D / 6 3 , M N K I I , no. 3521; 40, O L D / 

57, S H K I I , no. 195; 41, O L D / 5 7 , S H K I I , no. 1122; 42, O L D / 6 1 , J K 2 , 

6; 43, O L D / 5 5 , B K I I , no. 202; 44, O L D / 6 3 , B K I I , no. 1762; 45, O L D / 

52, B K I I , no. 65; 46, O L D / 6 3 , B K I I , no. 3119; 47, O L D / 5 2 , B K I I , 

no. 67; 48, O L D / 5 7 , B K I V E , no. 1434; 49, O L D / 5 2 , D C I I , no. 584; 

50, O L D / 6 3 , B K I I , no. 677; 51, O L D / 5 2 , B K I I , no. 306; 52, O L D / 5 7 , 

B K I I , no. 984; 53, O L D / ? , B K I I , no. 069/6705; 54, O L D / 5 3 , S H K I I , 

no. 248; 55, O L D / 6 2 , J K 2 , A 3273. These specimens range f r o m 20.5 to 

24.5 m m anteroposteriorly, a n d f r o m 12 to 16 m m transversely. T h e 
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greatest observed height o f c r o w n is 78 m m ( 1 ) , a n d the ectostylid i n this 

specimen has a height of at least 70 m m . W h i l e the ectostylid is typica l ly 

some 7-9 m m anteroposteriorly at c r o w n base, one specimen (31) has a n 

ectostylid only 5 m m anteroposteriorly a l l over its vert ical extent (65 m m 

a lmost) , a n d there is another (49) i n w h i c h the ectostylid is only 4 m m 

anteroposteriorly already 35 m m above the base, the height to w h i c h this 

specimen is w o r n . T h e u n w o r n apical c r o w n port ions show that the t i p of 

the ectostylid remains 10-15 m m below that o f the hypoconid. I n s l ight ly 

w o r n crowns the enamel spur i n the anterior p o r t i o n of the e n t o f l e x i d ( p l i 

hypoconid) is dist inct ly seen. Protosty l ids are v e r y m a r k e d , ptychostyl ids 

show best i n the apical c r o w n port ions. T h e external groove between proto-

conid a n d h y p o c o n i d always reaches the " t i e " , w h i c h has pointed loops 

separated b y a n usual ly w i d e and shal low valley. 

T h e l o w e r cheek tooth series o f Hipparion steytleri V a n H o e p e n (1932: 

34, f igs. 21-23) includes M x a n d M 2 , w h i c h are m o r e w o r n than o u r spe-

m e n 1 ( p i . 16 f i g . 6, p i . 17, f igs. 1 a n d 4) f o r the apical poster ior project ion 

o f the h y p o c o n u l i d i s already w o r n of f . T h e heights as g i v e n b y V a n 

H o e p e n are 74, a n d 73 m m , respectively, and the ectostylids show as enamel 

r ings occlusally, next to the ptychostyl ids, w h i l e the small f o l d i n the 

anter ior p o r t i o n o f the e n t o f l e x i d ( p l i hypoconid) i n also distinct. These 

structures are c learly seen occlusally i n our specimen 1, w h i c h has the base 

preserved internal ly at the bottom of the metaconid a n d the metastyl id-

entoconid. T h e lack of cement i n this p o r t i o n o f the c r o w n discloses a 

c ingular prominence i n the metaconid-metastylid val ley that we rarely see: 

i t is a tubercle 6 m m h i g h only . T h e M1 a n d M 2 o f Hipparion libycum 
( A r a m b o u r g , 1970: 89, p l . X V I I f i g . 11, n a , p l . X V I I I f igs. 2, 3, 3 a ) , 

o f w h i c h the M 2 is 69 m m h i g h as w o r n , are g i v e n anteroposterior d i a m 

eters up to 32 m m , but this is t a k e n apically. O u r specimen 1 is 30.5 m m 

anteroposteriorly at the top but o n l y 24 m m at 2 c m f r o m the base, the level 

at w h i c h I take the measurements. T h e N o r t h a n d S o u t h A f r i c a n "Stylo
hipparion" molars are exceedingly s imi lar to o u r O l d u v a i molars i n the ir 

wide, flattened ectostylids and angular, pointed metaconid-metastylids, i n 

addi t ion to their great c r o w n height. 

O f M 3 w e have the f o l l o w i n g specimens: M 3 dext.: 1, O L D / 5 9 , L G K 

I I , no. 395; 2, O L D / 6 3 , B K I I , no. 2442; 3, O L D / 5 2 , M R C , no. 588; 4, 

O L D / 6 2 , J K 2 , A 2956; 5, O L D / 6 3 , B K I I , no. 1611; 6, O L D / 5 7 , S H K 

I I , no. 304; 7, O L D / 5 7 , B K I I , no. 652; 8, O L D / 5 7 , S H K I I , no. 432; 

9, O L D / 5 7 , S H K I I , no. 1120; 10, O L D / 6 2 , J K 2 A 3 2 7 0 / M F 2 ; 11, 

O L D / 6 3 , B K I I , no. 191; 12, O L D / 5 2 , B K I I base, no. 571; M 3 s i n . : 

13, O L D / 6 3 , B K I I , no. 2689; 14, O L D / 5 3 , S H K I I , no. 234; 15, O L D / 
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57, S H K I I , no. 433; 16, O L D / 5 2 , B K I I , no. 71; 17, O L D / 6 1 , J K 2 A , 

T ; 18, O L D / 5 7 , B K I I , no. 1035; 19, O L D / 6 2 , J K 2 , A 3 2 7 0 / E F 2 ; 20, 

O L D / 6 3 , B K I I , no. 2712; 21, O L D / 6 3 , B K I I , no. 704. I n this element, 

the least w o r n of w h i c h (1, 13) are 75 m m h i g h , the ectostylid, although i n 

var iab ly present, may be v e r y slender. S p e c i m e n 1 ( p i . 16 f i g . 4) has an 

ectostylid o n l y 45 m m h i g h , a n d 2 m m anteroposteriorly at base, 1 m m at 

the top. T h e protosty l id is not very wel l developed i n this specimen either, 

petering out at 55 m m f r o m the base. N o r m a l l y , however, the ectostylid 

is 4-6 m m anteroposteriorly at base, terminat ing , as i n Μ χ . 2 , ί ο to 15 m m 

f r o m the top of the hypoconid . A t 2 c m f r o m the base the c r o w n measures 

25 to 29 m m anteroposteriorly, a n d 10 to 13 m m transversely. T h e M 3 o f 

Hipparion libycum ( A r a m b o u r g , 1970: 89, p l . X V I I I f i g . 1) is exceedingly 

s i m i l a r to the lectotype o f Hipparion ethiopicum (Joleaud, 1933, p l . I f igs. 

2, 6 ) , w i t h an ectostylid 5 m m anteroposteriorly, at least 50 m m h i g h , a n d 

not m a r k e d l y n a r r o w i n g over this height. S u c h well-developed ectostylids 

characterize most of the O l d u v a i M 3 . 

T h e O l d u v a i Hipparion is a ful l - f ledged "Stylohipparion" that does not 

d i f f e r dental ly f r o m either Hipparion libycum of the V i l l a f r a n c h i a n of 

N o r t h A f r i c a o r Hipparion steytleri ( i n c l u d i n g Hipparion hipkini) of 

southern A f r i c a ( C h u r c h e r , 1970, has recently recorded a P 3 - 4 s i n . and an 

Μχ-2 dext. f r o m the S w a r t k r a n s australopithecine site a n d the K r o m d r a a i 

type site, respectively) . O f neither the N o r t h A f r i c a n n o r the S o u t h A f r i c a n 

"Stylohipparion" we have the s k u l l , w h i c h m a y be d i f f e r e n t f r o m that of 

the O l d u v a i f o r m . T h e c r o w n height o f the lowers is over 8 0 m m , a n d the 

ectostylids m a y reach a height o f over 7 c m ; 65 m m has been measured i n 

some teeth s h o w i n g a w o r n enamel ring at the t ip . T h e type o f H. hipkini 
( V a n H o e p e n , 1932: 31, f igs . 14-17) is 81 m m h i g h , a n d the ectostylid, 

as seen f r o m the f igure, reaches a height of 75 m m . T h e height/length 

i n d e x of his important specimen, based o n the anteroposterior diameter of 

22 m m at 2 c m f r o m the c r o w n base, is at least 370. I n l o w e r molars of 

Hipparion primigenium f r o m L o t h a g a m ( H o o i j e r & M a g l i o , 1974: 18/19, 

p l . 6 f i g . 4) a n d the C h e m e r o n F o r m a t i o n ( this paper, p. 19) indices taken 

i n the same w a y amount to 280-300, a n d the ectostylid is m a x i m a l l y 55 m m 

h i g h . T h e least w o r n o r M 2 i n the O l d u v a i collection ( O L D / 5 7 , S H K 

I I , no. 1300) has a height/ length i n d e x o f at least 325, a n d its ectostylid 

reaches a height of 70 m m . I n the S h u n g u r a M e m b e r G collection, as w i l l 

be ment ioned later o n , there is a n M x o r M 2 ( L . 616-63) s l ightly w o r n , 

8 0 m m h i g h , 24 m m anteroposteriorly at 2 c m f r o m the base, g i v i n g an 

i n d e x o f 335, w i t h a n ectostyl id height o f 75 m m . These f igures show the 

evolut ionary advance o f Hipparion ethiopicum over Hipparion primigenium. 
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T h e m i l k cheek denti t ion i n the O l d u v a i G o r g e collection comprises, apart 

f r o m the f o u r t h deciduous molars i n situ i n the O l d u v a i B K I I s k u l l no. 283 

a n d i n the mandible f r o m S H K I I , no. 335, on ly isolated uppers, and two 

lower tooth rows plus isolated lowers. T h e most w o r n upper, D M 3 or D M 4 

s in. , O L D / ? , F C I I W , L . S., no. 067/5254, has a very wide protocone 

(10 by 5.5 m m ) since the protocone widens r o o t w a r d ; the transverse d i a m 

eter is 24.5 m m , a n d the pl icat ion pattern obscured i n part, but posteriorly 

i n the prefossette there are at least 7 of them, as i n the m i l k m o l a r of the 

skul l f r o m B K I I , no. 283, that is of the same size (tables 10 a n d 11). T w o 

specimens of D M 3 4 s in . , O L D / 6 3 , B K I I , no. 3360, and O L D / ? , B K I I 

(no n u m b e r ) , are very s l ightly w o r n and the plications, therefore, do not 

show. T h e i r bases are incomplete external ly, but the internal c r o w n height 

is just about 30 m m . T h e protocones are very massive, 12-12.5 m m antero

posteriorly , depressed internal ly a n d only 3 m m transversely on the occlusal 

surfaces. T h e i r diameters 1 c m f r o m the top are 30-31 m m anteroposteriorly 

and 22-23 m m transversely. T h r e e specimens of D M 3 4 dext., O L D / 5 7 , 

F C S, no. 1390, O L D / 5 3 , B K I I E x . , no. 103, a n d O L D / 6 3 , B K I I , no. 

3386, w o r n to 30, 25, and 15 m m external ly at the mesostyle, have p l i counts 

( 2 - 4 ) - ( 5 ~ 7 ) - ( 2 - 3 ) - ( i - 3 ) , and the middle specimen has a b i f i d caballine fo ld . 

A t 15 m m f r o m the base the c r o w n diameters are 26-30 m m antero

posteriorly . T h e protocones are 12 m m anteroposteriorly a n d 4-5 m m 

transversely, o n the occlusal surface. T h e r e is a perfect set o f r ight lower 

m i l k molars , D M 2 - D M 4 s in . , O L D / 6 3 , B K I I , no. 3367 ( p i . 15 f i g . 5 ) , 

D M 2 w o r n to 15 m m , D M 4 to 25 m m , w i t h protostyl ids, ptychostyl ids, a n d 

massive ectostylids, the latter 8.5-9.5 m m anteroposteriorly and 3.5-4 m m 

transversely on the occlusal surfaces. I n the D M 2 the external groove 

between protoconid a n d h y p o c o n i d is very shal low, but i n D M 3 and D M 4 

i t is very deep, as i n the permanent molars. T h e length D M 2 - D M 4 is 91 

m m occlusally a n d the w i d t h 15 m m throughout. A s imi lar set, D M 2 - D M 4 

s in . , is i n s i tu i n a hemimandible m a r k e d O l d u v a i S. 4, 1941, F 706; the 

ectostylid of D M 2 is l i n k e d up w i t h the h y p o c o n i d by a n a r r o w isthmus. 

I n the r e m a i n i n g , isolated specimens, the ectostylid is always separate f r o m 

the hypoconid . These specimens are: D M 3 _ 4 dext.: 1, O L D / 5 2 , B K I I 

base, no. 576; 2, O L D / 5 3 , S H K I I , no. 235; 3, O L D / 6 3 , B K I I , no. 2098; 

4, O L D / 5 5 , B K I I , no. 125; 5, O L D / 5 7 , S H K I I , no. 196; 6, O L D / 5 7 , 

B K I I , no. 501; 7, O L D / 5 7 , F C S, no. 1394; D M 3 . 4 s i n . : 8, O L D / ? , no. 

067/1493; 9, O L D / ? , E F H R I I , L G , no. 067/5411; 10, O L D / 5 7 , B K I I , 

no. 626; l i , O L D / 5 2 , B K I I , no. 64. T h e ectostylids remain approximate ly 

10 m m below the u n w o r n c r o w n edge, and are sometimes depressed exter-
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nal ly . T h e c r o w n diameters, at 15 m m f r o m the base, v a r y f r o m 28 to 31 

m m anteroposteriorly, a n d f r o m 12.5 to 16 m m transversely. 

O f the postcranial remains of equids, w h i c h abound i n the O l d u v a i col

lection, I w i l l deal here o n l y w i t h the median a n d lateral metacarpals a n d 

metatarsals o f Hipparion. O f the t h i r d metacarpal there are n ine entire 

specimens the measurements of w h i c h are g i v e n i n table 14. T h e y bear the 

f o l l o w i n g notations: 1, O L D / 6 1 , F L K N i , T r . I l l , no. 7693; 2, O L D / 5 9 

I , L G K , no. 366; 3, O L D / 5 7 , S H K I I , no. 576; 4, O L D / 5 7 , S H K I I , no. 

935; 5, O L D / ? , no. F . 345; 6, O L D / 6 0 , F L K N i , I I/1-2-3 , no. 933; 7, 

O L D / 6 3 , B K I I , no. 2750; 8, O L D / 6 3 , M N K I I S K , no. 167, a n d 9, 

O L D / 5 5 , B K I I , no. 45. N o s . 1-4 are f r o m the right side. A l l are clearly 

Hipparion, a n d some (nos. 1 a n d 6, p i . 18) have port ions o f the lateral 

metapodials attached to t h e m not, however, i n a v e r y good state a n d l a c k i n g 

the distal art iculations. 

T A B L E 14 

Measurements o f metacarpal I I I o f Hipparion, O l d u v a i ( m m ) 

No. of specimen I 2 3 4 5 6 7 8 9 

Length 230 213 228 217 205 222 223 210 223 

Proximal width 4ß 43 43 46 45 45 41 42 — 
Proximal ant. post, diameter 34 32 30 34 37 33 31 28+ 38 
Mid-shaft width 33 30 27 32 32 28 27 30 35 
Ant. post., same level 27 23 23 25 27 25 22 25 28 
Distal width at protuberances 44 41 36 42 47 40 36 — 48 
Distal articular width 42 40 39 42 41 41 34 39 — 
Distal crest, ant post. 33 32 31 34 34 34 30 30 37 
Distal art. width/length index 18 19 17 19 20 18 15 19 — 

O f the median metatarsal f r o m O l d u v a i there are fewer specimens o f 

w h i c h the total length can be taken, as fo l lows: 1, O L D / 5 5 , B K I I , no. 68; 

2, O L D / 6 0 , H W K I I S , no. 86; 3, O L D / 5 7 , S H K I I , no. 557; 4, O L D / 

57, S H K I I , no. 729/730; 5, O L D / 5 3 , B K I I , a n d 6, O L D / 5 7 , S H K I I , 

no. 1177. N o n e o f these have lateral metatarsals attached to them; nos. 1 

a n d 2 are f r o m the r ight side. T h e measurements are i n table 15. 

T h e facet f o r the meso-entocuneiform is present o n nos. 1-5 although 

quite smal l i n nos. 1 a n d 2; o f no. 6 the p r o x i m a l surface is damaged. 

F e w data can be g i v e n o n the lateral metapodials o f the O l d u v a i Hip
parion. M e t a c a r p a l I I attached to metacarpal I I I no. 1 has a p r o x i m a l 

w i d t h of 15 m m a n d a n anteroposterior diameter of 19 m m ; the shaft 

remains o f a n even diameter anteroposteriorly, 15 m m , d o w n to some 8 c m 

f r o m the upper end, a n d t h e n reduces s l ight ly i n diameter, but it is s t i l l 11 

m m anteroposteriorly ( a n d 6 m m transversely) at the b r o k e n dista l end: 

4 
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T A B L E 15 

Measurements of metatarsal I I I of Hipparion, O l d u v a i ( m m ) 

No. of specimen I 2 3 4 5 6 

Length 257 244 253 260 242 254 
Proximal width 47 40 47 48 45 — 
Proximal ant. post, diameter 40 — 38 38 37 — 
Mid-shaft width 31 28 33 33 30 29 
Ant. post., same level 34 28 31 33 31 30 
Distal width at protuberances 45 38 45 45 44 — 
Distal articular width 43 36 44 43 43 41 
Distal crest., ant. post. 35 29 35 37 34 33 
Distal art. width/length index 17 15 17 17 17 16 

the total length as preserved is 16 cm. T h e second metacarpal attached to 

metacarpal I I I no. 6 also has a l ength as preserved o f 16 c m ; at the p r o x i m a l 

e n d i t i s 12 b y 17 m m i n diameters, a n d the shaft is m o r e slender, too; the 

anteroposterior shaft diameter is 13 m m at 2 c m f r o m the p r o x i m a l e n d , 

a n d reduces gradual ly t o only 7 m m at 13 c m the p r o x i m a l end. I n the 

distal 3 c m it begins to w i d e n again sl ightly, a n d i t is 9 m m anteroposteriorly 

at the b r o k e n distal end, the transverse diameter be ing 5 m m . M e t a c a r p a l 

I V attached to metacarpal I I I no. 1 is 10 b y 16 m m at the p r o x i m a l a r t i c u 

lat ion, a n d the shaft, o f w h i c h o n l y 6 c m are preserved, is s t i l l 14 m m 

anteroposteriorly (and 8 m m transversely) at its b r o k e n distal end. 

Fortunate ly , we have at least one distal art iculat ion o f a lateral metapodial 

o f the O l d u v a i Hipparion: i t is O L D / 6 2 , J K 2, B , T T K , a n d was collected 

b y M i s s M a x i n e K l e i n d i e n s t ( n o w M r s . M . R . H a l d e m a n n - K l e i n d i e n s t ) 

i n B e d I I I . T h e specimen ( p i . 19 f i g . 1) has been g i v e n to me by D r . A l a n 

W a l k e r . T h e dista l w i d t h is 9 m m , the anteroposterior diameter 16.5 m m 

A s such, i t is o f the same size as those o f the smal l Hipparion cf . sitifense 
f r o m the V i l l a f r a n c h i a n o f Bethlehem i n Israel ( H o o i j e r , 1958: 281, p i . 35 

figs. 5, 6) a n d f r o m the L a t e M i o c e n e o f L o t h a g a m i n K e n y a ( H o o i j e r & 

M a g l i o , 1974: 29, p l . 19 f i g . 5 ) ; they resemble the distal e n d o f the lateral 

metapodial of Hipparion crustafonti V i l l a l t a (1952, p l . X X I I I ) o f the 

V i l l a f r a n c h i a n o f S p a i n . T h e lateral metapodials o f Hipparion libycum have 

not been described ( A r a m b o u r g , 1970). 

W h i l e i n N a i r o b i , i n September, 1973, D r . A l a n W a l k e r also presented 

me w i t h casts o f distal ends o f t w o Hipparion lateral metapodials o r i g i n a t i n g 

f r o m the Makapansgat L i m e w o r k s D u m p s , L o w e r Phase I B r e c c i a . T h e y 

bear the numbers M L D 20 a n d M L D 36. M L D 20 has acquired some 

u n j u s t i f i e d fame as it was described b y Boné (1955: 88-91) as a n acromia l 

fragment of the clavicle o f Australopithecus prometheus D a r t . I t is l i s ted 
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as a clavicle f ragment o f Homo africanus ( D a r t ) b y R o b i n s o n (1972: 

173). B o t h M L D 20 a n d M L D 36 are l isted as acromial extremities o f 

australopithecine clavicles b y O a k l e y & C a m p b e l l (editors, 1967: 6 3 ) . T h e 

Hipparion f r o m M a k a p a n s g a t is l isted as Stylohipparion steytleri (Cooke, 

1963: 94 ( w i t h a q u e r y ) ; C h u r c h e r , 1970: 146). M L D 2 0 has been 

exhaustively described b y B o n é (1955) , a n d M L D 36 is v e r y s i m i l a r but 

less complete. T h e specimens are s h o w n i n p i . 19 f igs. 3, 4. T h e distal 

condyle o f the lateral metapodial measures 12 by 21 m m , a n d thereby is 

one-third larger i n d imensions than the O l d u v a i B e d I I I specimen. H o w e v e r , 

i n H. primigenium f r o m W a d el H a m m a m the distal ar t iculat ion o f meta

tarsals I I a n d I V reaches 20-21 m m anteroposteriorly, w h i l e there is also 

a specimen o n l y 17 m m anteroposteriorly ( A r a m b o u r g , 1959: 91, 9 2 ) . T h u s , 

there is v a r i a t i o n i n the development o f the lateral metapodials i n H. 
primigenium as wel l as i n "Stylohipparion", a n d we cannot say that there 

was reduction i n the side toes as we pass f r o m the one to the other. 

A m o n g the incomplete metapodials o f Hipparion f r o m O l d u v a i there is 

the distal e n d o f a t h i r d metacarpal, O L D / 4 1 , S 2, no. F . 807, that has a 

protuberance w i d t h o f 51 m m by an a r t i c u l a r w i d t h o f 47 m m , w h i l e the 

crest measures 39 m m anteroposteriorly. T w o distal ends o f median meta

tarsals, O L D / 5 5 , B K I I , no . 135, a n d O L D / 6 3 , B K I I , no. 620, have a 

w i d t h at the protuberances o f 48 m m , distal ar t icular widths o f 45 m m , a n d 

anteroposterior diameters o f the distal crest o f 38-39 m m . T h e s e bones 

exceed those l isted i n tables 14 a n d 15 i n size. 

T h e t h i r d metacarpal o f Hipparion libycum f r o m L a c I c h k e u l recorded 

by A r a m b o u r g (1970: 91) is larger than a n y o f the O l d u v a i t h i r d metacar

pals: its length is 268 m m a n d its p r o x i m a l w i d t h 55 m m . I n other 

dimensions the bone o f H. libycum is not o r h a r d l y larger than the m a x i m a 

i n o u r series. T h e t h i r d metatarsal ( A r a m b o u r g , I.e.) is l ikewise 268 m m 

long, but otherwise does not exceed the m a x i m a f o u n d f o r the corresponding 

O l d u v a i bones. 

I n the early E u r a s i a t i c H. primigenium the frequency o f t h i r d metatar

sals l a c k i n g the facet f o r the meso-entocuneiform is relat ively h i g h ; it 

seems to d i m i n i s h i n later H. primigenium ( F o r s t e n , 1968: 15-16). T h e 

lengths o f the median metapodials i n the N o r t h A f r i c a n H. primigenium 
are not m u c h less than those i n the O l d u v a i Hipparion: metacarpal I I I 198-

210 m m , metatarsal I I I 232-240 m m , a n d the distal ar t icular w i d t h / l e n g t h 

indices are v e r y m u c h the same: 17-18 f o r the metacarpal, a n d 14-15 for 

the metatarsal ( A r a m b o u r g , 1959: 87, 9 0 ) . T h u s , the evolut ionary advance 

o f "Stylohipparion" over the p r i m o r d i a l O l d W o r l d Hipparion primigenium 
as s h o w n i n the teeth is not manifest i n the metapodials although, of course, 
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the p r o x i m a l phalanx of the median digit is m o r e elongated i n the f o r m e r 

than i n the latter. 

It is, therefore, not to be wondered at that the median metapodials of 

Hipparion baardi f r o m Langebaanweg, Cape P r o v i n c e , w h i c h are inter

mediate between H. primigenium a n d H. ethiopicum i n geological age, do 

not d i f f e r m u c h i n size o r proport ions f r o m those of either of these. D u r i n g 

a vis i t to Cape T o w n i n 1971, at the inst igat ion of D r . B r e t t H e n d e y , I 

examined Hipparion material f r o m Langebaanweg i n the S o u t h A f r i c a n 

M u s e u m . T h e r e are two t h i r d metacarpals, L 2148 a n d L 5576: the length 

is 213215 m m , the p r o x i m a l w i d t h 41 m m i n both, the midshaft w i d t h 

2931 m m , a n d the distal art icu lar w i d t h 3536 m m . These bones do not 

d i f f e r s igni f i cant ly f r o m those o f table 14, but not f r o m those of H. 
primigenium either. T h e p r o x i m a l phalanges of median digits of the 

Langebaanweg Hipparion, L 1 4 5 6 a n d L 1 4 6 2 A ( f i g u r e d i n Boné & Singer , 

1965, p l . X V I ) are 6971 m m i n v o l a r length, a n d 3541 m m i n least shaft 

w i d t h , longer than those of H. primigenium. M o r e material of Langebaan

w e g w i l l be dealt w i t h at a later date. 

T H E O M O G R O U P H I P P A R I O N 

Hipparion spec, a n d Hipparion ethiopicum (Joleaud) 

T h e M u r s i F o r m a t i o n Hipparion turkanense has already been dealt w i t h 

under that head. I have seen no materia l f r o m the B a s a l M e m b e r n o r f r o m 

M e m b e r A of the S h u n g u r a F o r m a t i o n , but Hipparion is represented i n 

the A m e r i c a n collection f r o m the U s n o F o r m a t i o n a n d f r o m S h u n g u r a 

M e m b e r Β o n up. 

T h e ear l ier O m o G r o u p materia l w i l l be dealt w i t h under the head: 

Hipparion spec. 

I n Coppens, H o w e l l , Isaac & L e a k e y (editors, i n press) there is a survey 

of the fauna of the O m o G r o u p deposits. M y contr ibut ion o n the Per isso

dactyla i n that volume is based exclusively o n the collections made by the 

U . S. A . contingent since 1967. 

T h e most complete Hipparion specimen i n the A m e r i c a n O m o collection 

is most of a mandible , w i t h the left a n d the r i g h t cheek dent i t ion i n situ. 

T h e vert ical parts of the r a m i a n d the symphysia l p o r t i o n are m i s s i n g . T h e 

specimen is m a r k e d L . 140 a n d comes f r o m S h u n g u r a M e m b e r B 1 1 . A l l 

the premolars a n d m o l a r s have developed ectostylids: they show as enamel 

r ings o r ovals o n the occlusal surfaces. Because of ancient fractures i t is 

possible to give the height as w o r n of several o f the teeth: the P 4 is w o r n 
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to 4 c m of height, the M x to 3.5 c m , a n d the M 2 to 4.5 c m . T h e ectostylids 

of these teeth, therefore, are at least that h i g h . T h e enamel f igures o f the 

ectostylids o n the occlusal surfaces are 2 b y 2 m m i n P 2 , 5 by 2.5 m m i n 

P 3 , 3 b y 2 m m i n P 4 , 4.5 b y 2 m m i n Mt, 3.5 by 2 m m i n M 2 , a n d 2 b y 

2 m m i n M 3 . T h e hemimandible of Hipparion cf. ethiopicum f r o m O l d u v a i 

B K I I (no. 301, p i . 14 f i g . 2) is f i g u r e d beside the same side ( left) of the 

S h u n g u r a M e m b e r B 1 1 mandible ( p i . 14 f i g . 1) to show that the ectostylid 

f igures are larger i n the O l d u v a i specimen; the two dentit ions are w o r n 

d o w n to 4.5 c m of M 2 i n both. T h e O l d u v a i dent i t ion is m o r e hypsodont 

than that f r o m S h u n g u r a M e m b e r B 1 1 as the ramus height shows (above, 

p. 4 3 ) . Ptychosty l ids are h a r d l y visible, but protostyl ids are there: although 

the antero-external corner is lost i n most o f the teeth, o r damaged, a proto-

s t y l i d is seen i n P 3 - M x , e x t e n d i n g a l l a long the height, be ing free at the 

apex i n P 3 . T h e f o l d between protoconid a n d hypoconid is v e r y deep i n Mlt 

e x t e n d i n g to the internal val ley, between metaconid a n d metastyl id. I n M 2 

the external f o l d is s l ight ly less deep, be ing cut o f f f r o m the internal val ley 

b y the extremities o f m e t a f l e x i d a n d entof lex id , whereas i n M 3 , w h i c h is 

i n ear ly wear, the external groove extends st i l l less far t o w a r d the internal 

val ley, a n d the e n t o f l e x i d meets the metaf lex id , as i n P 3 a n d P 4 . M e t a c o n i d 

a n d metastyl id are angular , a n d the val ley between them is rather deep, 

h a r d l y less so i n P 3 a n d P 4 than i n M x a n d M 2 , a l though this val ley is 

more rounded i n the molars . T h e least w o r n molar , M 3 , has a pointed 

internal valley, a n d i n this feature, as w e l l as i n its shal low external groove, 

i t resembles the posterior t w o premolars rather than the anter ior two 

molars . T h e measurements o f the crowns are i n table 16. R a m u s height 

between P 4 a n d Mlf 8 0 m m ; below middle of M 3 , 90 m m . 

T A B L E 16 

Measurements of teeth of S h u n g u r a M e m b e r B11 mandible, L . 1-40 ( m m ) 

P 2 Ps P4 M i M 2 M s 

Anteroposterior 31 26 25 24.5 25 27 

Transverse 17 17.5 17 16 15 Η 

T h e length P 2 - M 3 i s 163 m m ; that o f the m o l a r series only , 8 0 m m , 

taken at the alveolar border. H e n c e , the length o f the lower cheek toothrow 

is the same as that i n Hipparion africanum (146-157 m m , A r a m b o u r g , 

1959: 84) and i n Hipparion koenigswaldi (163-176 m m , Sondaar , 1961: 

250) both of w h i c h are synonyms of H. primigenium ( F o r s t e n , 1968: 15). 

A s mentioned above, A r a m b o u r g d i d not observe ectostylids i n H. afri
canum, but these m a y not be exposed because the teeth are i n s i tu, a n d 
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Sondaar mentions the occurrence o f ectostylids on a few teeth ( P 4 , M x ) 

o f H. koenigswaldi. Nevertheless, ectostylids are frequent i n H. primi
genium: there is a local populat ion f r o m Gaise lberg i n w h i c h ectostylids 

are developed i n 1 0 0 % of P 3 - P 4 , a n d one f r o m V i e n n a sensu stricto i n 

w h i c h they occur i n 7 1 % of M x - M 2 ( F o r s t e n , 1968: 2 4 ) . T h e ectostylids 

are about 3 c m h i g h i n the N a m a q u a l a n d mandib le described by H a u g h t o n 

(1932) as Notohipparion namaquense. I n teeth f r o m K a n a p o i a n d L o t h a g a m 

( H o o i j e r & M a g l i o , 1974: 16, 18) and i n the mandible f r o m S h u n g u r a 

M e m b e r B 1 1 the ectostylids are 4-5 c m h i g h , whereas i n "Stylohipparion" 
they m a y reach a height of over 7 cm. T h i s suggests an evo lv ing group, 

but we badly need s k u l l material to decide what the species are, a n d we 

have n o skul ls yet f r o m the O m o G r o u p deposits. E x c l u d i n g the small 

specimens (mentioned under the head Hipparion ? a f f . sitifense P o m e l ) 

the U s n o F o r m a t i o n specimens, a n d those f r o m the S h u n g u r a F o r m a t i o n 

M e m b e r s Β through E , w i l l be described i n the pages that fo l low. 

U S N O F O R M A T I O N 

T h e U s n o F o r m a t i o n Hipparion material consists of some isolated teeth 

most o f w h i c h are incomplete. H o w e v e r , i n v i e w of the age o f the U s n o 

F o r m a t i o n , together w i t h S h u n g u r a M e m b e r B , probably f r o m 3.9 to 3.75 

m i l l i o n years, i t is an important collection. 

W . 552, U s n o F o r m a t i o n , is a P 2 dext. that looks ro l led: the anter ior a n d 

posterior surface as w e l l as the mesostyle a n d the parastyle are abraded, 

and the base is incomplete but what remains is smoothly rounded of f . T h i s 

tooth displays the same complex enamel pattern as its homologue i n the 

K a n a p o i dent i t ion re ferred to H. primigenium ( H o o i j e r & M a g l i o , 1974, 

p l . 3 ) . T h e Ρ 2 o f this dent i t ion is preserved o n l y o n the left side, a n d it 

is i l lustrated next to the U s n o F o r m a t i o n P 2 o n p i . 6 f i g . 1. Just i n f ront 

o f the prefossette there is a transverse enamel w a l l indicat ing that the U s n o 

specimen was truncated i n f r o n t rather than pointed, as is the K a n a p o i 

tooth, a n d as is n o r m a l f o r a P 2 ( p i . 6 f i g . 2 ) . T h e anterol ingual i n c u r v a t i o n 

i n a P 2 lodges the persist ing D M 1 , w h i c h i n the U s n o specimen m a y have 

been rather large. T h e plications i n the two fossettes can be counted i n both 

teeth, a n d the numbers f r o m f r o n t to back (anter ior a n d posterior i n the 

prefossette, a n d anter ior and posterior i n the post fossette) are 7-5-5-1 

against 5-6-4-1 i n the K a n a p o i P 2 ( H o o i j e r & M a g l i o , 1974, table 4 ) . T h e 

caballine f o l d i n the U s n o P 2 is t r ip le (single i n the K a n a p o i P 2 ) , a n d the 

protocone, measur ing 9 b y m m , is more flattened than that i n the K a n a p o i 

P 2 , i n w h i c h it measures 7 by 4 m m . T h e U s n o P 2 is about 5.5 c m h i g h 

as w o r n , the K a n a p o i P 2 o n l y 3 c m ; the anteroposterior a n d transverse 
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diameters of the c r o w n o f the U s n o specimen appear to be just the same 

as those of the K a n a p o i P 2 , 35, a n d 23 m m , respectively. 

T h e r e is no w a y i n w h i c h the U s n o P 2 can be dist inguished f r o m that of 

K a n a p o i : the anter ior edge (protostyle?) a n d the protocone of course v a r y 

i n d i v i d u a l l y to some extent, as is shown b y the next specimen. 

W . 133, U s n o F o r m a t i o n , another P 2 dext. incomplete i n front , w o r n to 

3.5 c m of height, p l i numbers 5-7-5-1, single p l i cabal l in, protocone 8 b y 

4 m m . T h e c r o w n w i d t h is 23.5 m m . T h e anterior edge was certainly more 

prominent than that i n the preceding specimen. 

W . 296, U s n o F o r m a t i o n , is a P 3 o r P 4 dext. w o r n to a height o f 3 c m ; 

the postero-internal angle o f the c r o w n is b r o k e n o f f . T h e complex i ty o f 

the enamel pattern is s t r i k i n g , the pl ications f i l l i n g almost the whole 

prefossette ( p i . 3 f i g . 3 ) . P l i numbers 6-8-7-3, e v e n e x c l u d i n g the v e r y 

m i n o r twists, o f the same order as those i n P 3 a n d P 4 o f the K a n a p o i 

dent i t ion, w h i c h are h a r d l y less w o r n (3.5, a n d 4 c m h i g h at the meso-

sty les) ; protocone only s l ight ly longer (9 b y 4 m m , against 7.5 b y 4 m m 

i n the K a n a p o i P 3 - P 4 ) . T h e p l i cabal l in has a single point , against 2-3 

i n the K a n a p o i specimens. C r o w n dimensions 28 b y 26 m m . 

W . 629, U s n o F o r m a t i o n , a n entire M 1 o r M 2 dext. w i t h a w o r n height 

o f 5 cm, s l ighly m o r e numerous pl ications than i n those f r o m K a n a p o i , 

v i z . , 6-9-6-3, an almost isolated boucle préfossette (prefossette bay) w i t h 

two invaginations, a single p l i caball in, a n d the protocone 8 b y 4 m m across 

( p i . 5 f i g . 1). T h e c r o w n measures 26 m m anteroposteriorly, a n d 24.5 m m 

transversely at 2 c m f r o m the base, whereas the K a n a p o i M ! - M 2 , measured 

at the same height, are 22-22.5 1 1 1 1 1 1 anteroposteriorly. N o other dif ferences 

can be observed. 

B . 139, U s n o F o r m a t i o n , the u n w o r n c r o w n of a left upper premolar , 

lacks the t ip o f the protocone a n d a chip postero-externally; the base 

unfortunately is not preserved. A specimen l ike this shows that the t ips of 

the buccal cusps .(paracone a n d metacone) are some 5-6 m m higher than 

those o f the l i n g u a l (protoconule a n d hypocone) i n their pr is t ine state; the 

proto loph a n d metaloph are less h i g h again than the internal cusps, a n d 

the enamel projections into pre- a n d postfossette respectively, the fossette 

pl is , start at the summit o f these ridges. P l i counts cannot be g i v e n except 

f o r those i n the anter ior border of the profossette, w h i c h show as the 

anter ior c r o w n p o r t i o n is b r o k e n 2 c m below the top o f the proto loph: 

they are 7 i n number. T h e protocone can be seen i n an obl ique section: it 

is 8 m m long, a n d the p l i cabal l in is single. T h e h y p o g l y p h can be fo l lowed 

d o w n the c r o w n so f a r as preserved, a n d flattens out 5 c m f r o m the t ip 

o f the hypocone. A t the antero-buccal angle there is seen a vert ica l f o l d 
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just internal ly o f the parastyle, m a r k i n g i t o f f f r o m the remainder of the 

protoloph: this f o l d is widest at the top. T h i s f o l d , w h i c h m a y be called 

the anter ior parastyle f o l d , is present i n a l l h ippar ions , hypsodont o r not, 

a n d flattens out rootward. I n the already complicated nomenclature o f 

Hipparion teeth this f o l d has n o designation o f i ts o w n , although V a n 

H o e p e n (1930: 22) d r e w attention to i t i n Hipparion steytleri, ca l l ing it a 

pecul iar f o l d i n the anter ior surface of the anter ior style (parastyle) . 

B- 367, U s n o F o r m a t i o n , is a sl ightly w o r n D M 4 d e x t , t y p i f i e d by 

its t h i n enamel a n d very l o w c r o w n . U n f o r t u n a t e l y the base is m i s s i n g 

external ly , b u t internal ly the c r o w n height is not m o r e than 2.5 c m . E n a m e l 

pl icat ion numbers cannot be g i v e n as only the m a j o r p l i anter ior ly i n the 

prefossette and that poster ior ly i n the post fossette project f r o m the cement 

that f i l l s the fossettes. T h e p l i cabal l in is double, a n d there is a peculiar 

spur f r o m the protocone, p o i n t i n g t o w a r d the protoconule. T h e c r o w n 

measures 34 m m anteroposteriorly and 27 m m transversely, 4 m m more, 

either way , than the D M 4 o f H. primigenium f r o m E k o r a ( H o o i j e r & 

M a g l i o , 1974, table 6). 

W . 134, U s n o F o r m a t i o n , a r i g h t upper m i l k m o l a r o f w i c h the internal 

part is m i s s i n g : either D M 3 o f D M 4 dext. T h i s tooth i s w o r n external ly 

to a height o f 28 m m , a n d the anteroposterior diameter of the c r o w n is 

30 m m . T h e mesostyle has a m e d i a n groove i n the top 12 m m , m a k i n g i t a 

double r idge, but the basal p o r t i o n is evenly rounded. T h e parastyle shows 

the anter ior parastyle f o l d , a l l the w a y d o w n to the base o f the c r o w n . 

T h e specimen is just as large as the E k o r a D M 4 , but its p l icat ion pattern 

is obscured b y cement. 

W . 165, U s n o F o r m a t i o n , a n upper m o l a r fragment s h o w i n g most o f 

the fossettes, W . 22g, U s n o F o r m a t i o n , a fossette, a n d FS.433, U s n o 

F o r m a t i o n , a protocone p o r t i o n , are l isted mere ly f o r the sake o f com

pleteness, 

H C F N . 4 6 0 , U s n o F o r m a t i o n , is a s l ightly w o r n P 3 o r P 4 s i n . preserved 

to almost the base, 63 m m h i g h as preserved. T h e protosty l id extends a l l 

a long the height o f the c r o w n as a slender p i l l a r , barely 2 m m i n diameter; 

at the apex i t is free f r o m the external surface. T h e ectostylid is also seen 

to extend to the occlusal surface, where i t is as smal l as the protosty l id , 

but basalward i t increases somewhat i n diameter. T h e top p o r t i o n of 28 m m 

only is preserved, the basal p o r t i o n is b r o k e n of f , a n d the t h i n cement 

investment w o u l d not show that a n ectostylid h a d been present: i t was 

evidently free the external surface of the c r o w n except at the v e r y base. 

T h e c r o w n projects m a r k e d l y b a c k w a r d i n the upper p o r t i o n , but the 

anteroposterior diameter diminishes rootward. T h e outer surface behind 
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the ectostylid is b r o k e n o f f i n the basal p o r t i o n ( p i . 17 f i g . 7 ) . I n c r o w n 

v i e w ( p i . 17 f i g . 3) the " t i e " (metaconid a n d metastyl id) is nearly con

stricted o f f b y the close a p p r o x i m a t i o n of metaf lex id a n d entof lex id , a n d 

the external groove between protoconid a n d hypoconid consequently is 

shal low; this is a feature o f premolars . I n the a d j o i n i n g port ions of both 

f lex ids there is seen a smal l spur; such l i tt le folds disappear w i t h advancing 

wear. M e t a c o n i d as w e l l as metastyl id are not quite rounded, but pointed, 

most ly so the metastyl id, a n d the val ley i n between is w i d e a n d shallow. 

T h e loops w o u l d become flatter t o w a r d the roots. A tooth l i k e this, even 

incomplete, i s h igher than the entire l o w e r m o l a r f r o m L o t h a g a m ( H o o i j e r 

& M a g l i o , 1974, p l . 6 f i g . 4 ) , w h i c h is o n l y 60 m m h i g h i n the u n w o r n 

state, and w h i c h has a n ectostylid 45 m m h i g h : the U s n o specimen is 

c learly m o r e advanced than that o f L o t h a g a m , w h i c h i s some 2 m i l l i o n 

years older. T h e c r o w n is 22 m m anteroposteriorly at the middle of the 

height, a n d 12 m m transversely, wi thout cement. 

H C F N . 4 5 8 , U s n o F o r m a t i o n , a P 3 o r P 4 dext. w o r n to 5 c m of height, 

has the base not complete. T h e protosty l id is as weak as that i n the pre

ceding specimen, but the ectostylid is better developed, 5 m m basally a n d 

4 m m apical ly i n anteroposterior diameter. Its height was at least 5 c m . 

T h e r e i s a ptychostyl id , a n d a p l i h y p o c o n i d , the smal l spur i n the anter ior 

p o r t i o n o f the entof lex id . T h e c o n f i g u r a t i o n o f the " t i e " is as i n H C F N . 

460, a n d the c r o w n diameters are 24 b y 14 m m . 

W . 621, U s n o F o r m a t i o n , is a P 2 dext. , entire, a n d w o r n d o w n to 1.5 c m 

f r o m the external enamel base. T h e ectostylid, 3 b y 2 m m i n diameters, 

is there, but no ptychosty l id . T h e m e t a f l e x i d is quite smal l , a n d the meta

c o n i d , therefore, not w e l l m a r k e d o f f . T h e c r o w n diameters are 31 by 

15 m m . 

W . 7 4 2 A , U s n o F o r m a t i o n , is the basal p o r t i o n o f a n M 3 s in . w i t h an 

ectostylid u n i f o r m l y 3 m m i n diameter e x t e n d i n g to the occlusal surface, 

3 c m above the base, a n d a distinct protos ty l id ; the " h e e l " (hypoconul id) 

has two smal l lateral lobes, the c r o w n diameters are 26.5 b y 11 m m , 

exclusive o f cement. 

W . 23-932, U s n o F o r m a t i o n , a c r o w n p o r t i o n 4 c m h i g h as w o r n , 

represents P 3 o r P 4 dext. just s h o w i n g the " t i e " , the ectostyl id strongly 

developed (6 m m i n diameter anteroposter ior ly) , a n d a dist inct ptychostyl id. 

T h e c r o w n w i d t h is 16 m m . 

W . 290, U s n o F o r m a t i o n , is a n M± o r M 2 dext. b r o k e n o f f anter ior ly 

t h r o u g h the metaconid, 2 c m h i g h as w o r n . T h e ectostylid is 3.5 b y 2.5 m m 

occlusally. 

W . 524, U s n o F o r m a t i o n , a fragment o f a n M x o r M 2 o r M 3 s i n . b r o k e n 
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o f f behind the entoconid a n d incomplete external ly . T h e protosty l id is 

distinct, the ectostylid present but b r o k e n i n this tooth, on ly about 1.5 c m 

h i g h as w o r n . T h e c r o w n w i d t h (anter ior ly) is 14 m m . 

H C F N . 459, U s n o F o r m a t i o n , is the top p o r t i o n of a n u n w o r n M 3 s in . 

coated w i t h cement a n d s h o w i n g the weak apical port ions o f ectostylid a n d 

protosty l id , w h i c h are only part ia l ly preserved. T h e fragment is on ly 4.5 c m 

h i g h a n d is s t i l l l engthening d o w n w a r d at the b r o k e n edge. 

F S . 759, U s n o F o r m a t i o n , three lower cheek tooth fragments, one of 

w h i c h 5.5 c m h i g h , W . 647, U s n o F o r m a t i o n , W . 648, U s n o F o r m a t i o n , 

a n d H C F N . 461, U s n o F o r m a t i o n , a l l lower cheek tooth fragments, are 

here recorded o n l y f o r the sake o f completeness. 

S H U N G U R A M E M B E R Β 

L . i - 4 2 d , S h u n g u r a M e m b e r B 1 1 , is most of a P 2 dext. T h e p o r t i o n i n 

f ront of the parastyle is lost. T h e plications i n the a d j o i n i n g borders of 

pre- and postfossette cannot be dist inct ly seen, but those i n the posterior 

border o f the postfossette are at least three i n number. T h e c r o w n is w o r n 

to a height o f 6 c m external ly , measured f r o m the closed base between the 

fossettes. It displays a weak w r i n k l i n g of the anteroposteriorly or iented 

fossette borders. T h e protocone diameters are ca. 9, a n d 3 m m , a n d the 

transverse diameter of the c r o w n , over mesostyle a n d protocone, is 26 m m , 

exclusive o f cement. T h e p l i cabal l in is single. T h e h y p o g l y p h is deep 

occlusally but flattens out t o w a r d the base. T h u s , this tooth is w i d e r than 

the U s n o F o r m a t i o n P 2 , w h i c h has a tr iple caballine f o l d , a n d a single p l i 

posteriorly i n the postfossette; di f ferences o f doubt fu l s ignif icance. 

L . i -42e, S h u n g u r a M e m b e r B 1 1 , is an M 1 o r M 2 dext. w i t h a most 

complex enamel pattern ( p i . 3 f i g . 7 ) . T h e pl icat ion numbers are 6-8-8-? 

(the posterior border o f the c r o w n is not complete) . T h e eight deep folds 

i n the a d j o i n i n g borders o f pre- a n d postfossette f i l l the fossette areas 

evenly, the typica l H. primigenium pattern. T h e height of the c r o w n as 

w o r n is 6 c m , a n d the diameter anteroposteriorly 24 m m , a n d 24.5 m m 

transversely, at the middle o f the height. 

L . 380-4, S h u n g u r a M e m b e r B , is an M 1 o r M 2 dext. w o r n to 3.5 c m 

of height, s h o w i n g just the same complexi ty o f the enamel pattern although 

the folds are not as wel l exposed as those i n the preceding specimen. T h e 

p l i cabal l in is single, the protocone 8 by 4 m m i n diameters, lent icular , 

pointed at both ends. A t 2 c m f r o m the base the c r o w n measures 25 by 

23 m m i n diameters. 

L . 1-61, S h u n g u r a M e m b e r B 1 1 , is the external ha l f o f a n M 1 o r M 2 

dext., u n w o r n , a n d w i t h the base preserved. T h e f u l l height o f the c r o w n 
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at the mesostyle is 65 m m . T h e anteroposterior diameter, except at the top 

a n d at the bottom c m (where it diminishes) is 25.5 m m , g i v i n g a height/ 

length i n d e x of 255. T h e height/width i n d e x cannot be g i v e n , but as the 

transverse diameter of an upper m o l a r does not d i f f e r m o r e than a f e w m m 

f r o m the anteroposterior the dif ference w o u l d not be great. I n f o u r sl ightly 

w o r n upper premolars a n d molars of H. primigenium f r o m W a d el 

H a m m a m the h e i g h t / w i d t h i n d e x runs f r o m 220 to 290 ( A r a m b o u r g , 1959: 

7 9 ) , a n d the index i n the S h u n g u r a M e m b e r Β M 1 2 was certainly of the 

same order. 

L . 2-2 i a , S h u n g u r a M e m b e r B , is a w o r n M 1 2 s in. without the base. 

T h e h y p o g l y p h is just disappearing at the b r o k e n base: at the occlusal 

surface i t is very deep, a n d the hypocone v e r y nearly constricted o f f ( p i . 6 

f ig- 3)> whi le the inf lect ion is closed at the root e n d (the posterior height 

o f the f ragment is exactly 30 m m ) . T h e c r o w n pattern is somewhat simpler 

than that i n L . i -42e, w i t h fossette plications n u m b e r i n g 1-5-4-2, and a 

single caballine fo ld . T h e protocone measures 8 by 3 m m , a n d the c r o w n 

23 b y 21 m m , exclusive o f cement. 

L . 2-2b, S h u n g u r a M e m b e r B , is a n M 3 dext. w i t h a w o r n height of 

5 c m , pl icat ion numbers 5-4-5-1, p l i cabal l in single, c r o w n a n d protocone 

diameters as i n the preceding specimen. 

L . 2-2C, S h u n g u r a M e m b e r B , the external hal f of an M 1 2 s in . , w o r n 

height 3.5 c m , pl is n u m b e r i n g 5-?-5~3, is interest ing f o r the conf igurat ion 

of the posterior border of the prefossette. T h e f o u r t h p l i f r o m the buccal 

e n d is confluent w i t h the p l i protoconule, isolat ing the postero-l ingual 

p o r t i o n o f the fossette as a n enamel i s land, w i t h two small inf lect ions ( p i . 5 

f i g . 2 ) . S u c h an isolated prefossette bay (boucle préfossette) is occasionally 

seen, e.g., i n the M 2 of the molar series of H. africanum f igured by 

A r a m b o u r g (1959: 82, f i g . 3 6 A ) . T h e anteroposterior diameter of the 

c r o w n is 24 m m . 

L . 1-397 a a n d b, S h u n g u r a M e m b e r B , are fragments of r ight upper 

molars , one the prefossette p o r t i o n , the other h o l d i n g the protocone, 8 by 

4 m m , a n d a single p l i cabal l in. 

L . ι - 2 1 , S h u n g u r a M e m b e r B u , a protocone port ion very s i m i l a r to the 

last, but w i t h a t r ip le caballine fo ld . 

L . 2-150, S h u n g u r a M e m b e r B , is a near ly complete D M 4 dext. closely 

resembling the E k o r a specimen ( H o o i j e r & M a g l i o , 1974, p l . 4 f i g . 3) a n d 

that f r o m the B e g l i a F o r m a t i o n ( F o r s t e n , 1972: 12, f i g . 2 ) . T h e pl icat ion 

numbers are 6-10-5-5 against 3-8-3-3 f o r E k o r a a n d 4-7-4-4 f o r the B e g l i a 

F o r m a t i o n specimen. T h e p l i cabal l in is b i f i d , the protocone 9 b y 6 m m a n d 

intermediate i n shape between those of D M 3 a n d D M 4 o f E k o r a . T h e 
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c r o w n measures 29 m m anteroposteriorly, a n d the transverse diameter is 

approximate ly 25 m m (mesostyle incomplete) . T h u s , i t is somewat smaller 

than the D M 4 o f the U s n o F o r m a t i o n ( B . 3 6 7 ) , but shows the pattern 

rather nice ly ( p i . 6 f i g . 4 ) . 

L . ι-42c, S h u n g u r a M e m b e r B 1 1 , i s a n ent ire P 2 dext. w i t h the base 

preserved ( p i . 15 f i g . 3 ) . T h e most conspicuous feature is the ectostylid, 

w h i c h is well-developed, 7 m m anteroposteriorly at base, a n d gradual ly 

taper ing to a point that has not yet been touched by wear: its height is 43 

m m ( p i . 15 f i g . 7 ) . I n the U s n o F o r m a t i o n P 2 ( W . 621) the ectostylid is 

less developed, being only 3 m m anteroposteriorly at 1.5 c m f r o m its base. 

T h e ptychosty l id is wel l -marked occlusally but f o r the most part h i d d e n 

i n cement. I n the entof lex id , a s lender enamel inf lect ion a r i s i n g f r o m the 

hypoconid opposite to the ptychostyl id , extends across a n d touches the 

metastyl id. W e see such enamel spurs i n s l ight ly w o r n lowers only ; they 

disappear w i t h advancing wear. T h e c r o w n measures 31 m m anteroposte

r i o r l y a n d 12 m m transversely at the occlusal surface, but the w i d t h increases 

to 15 m m near the base, where the ectostylid is most p r o m i n e n t ; this is 

exclusive oft cement. T h e U s n o F o r m a t i o n P 2 is just as large basally 

(31 by 15 m m ) . 

L . 2-2d, S h u n g u r a M e m b e r B , a P 2 s in . w o r n d o w n to 3.5 c m , has a n 

ectostylid e x t e n d i n g to the occlusal surface, o n w h i c h its enamel r i n g is 

3 m m across; at the base it is 5.5 m m anteroposteriorly. T h e anteroposte

r i o r diameter o f the c r o w n is , again, 31 m m , the transverse, 13.5 m m 

occlusally, a n d 14.5 m m basally, without cement. T h e ectostylid i n the 

present specimen, then, is intermediate i n size between the preceding a n d 

the U s n o F o r m a t i o n P 2 ectostylids. 

F o u r l o w e r t h i r d o r f o u r t h premolars are rather u n i f o r m i n characters 

a n d size: (1) P 3 . 4 dext., L . 2-151, S h u n g u r a M e m b e r B ; (2) P 3 . 4 s in . , 

L . 2 - 2 i b , S h u n g u r a M e m b e r B ; (3) P 3 . 4 s i n . , L . 2-2e, S h u n g u r a M e m b e r 

B , and (4) P 3 . 4 s in . , L . i - 4 2 b , S h u n g u r a M e m b e r B 1 1 . T h e ectostylid i n 

(1) is 50 m m h i g h , taper ing f r o m 5 m m anteroposteriorly at base to 2 m m 

just below the occlusal surface. I n ( 2 ) , w o r n to 4 c m of height, the ectostylid 

is 4 m m anteroposteriorly occlusally. I n ( 3 ) , w o r n to 3.5 c m , the occlusal 

diameter is 5 m m , and i n ( 4 ) , w o r n to the same height, approximate ly the 

same (the ectostylid i s damaged). I n a l l these teeth the protosty l id is a 

wel l -marked, slender p i l l a r , whi le the ptychosty l id is not v e r y m a r k e d , a n d 

metaf lex id a n d e n t o f l e x i d are u n w r i n k l e d . I n the least w o r n specimen (1) 

the metaconid f o r m s a point l ingual ly but becomes more rounded below, 

as i t is i n the other specimens. T h e c r o w n diameters, taken at 2 c m f r o m 

the base, are 25-26.5 m m anteroposteriorly, a n d 15-16 m m transversely. 
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L . 2-2IC, S h u n g u r a M e m b e r Β , is a s l ight ly w o r n M x - 2 s in . , 5.5 c m 

h i g h , w i t h the t ip o f the ectostylid at the occlusal surface. A t the base i t is 

5.5 m m anteroposteriorly but not v e r y p r o m i n e n t . I n the e n t o f l e x i d there 

is a spur just as we have seen i n var ious other specimens. B o t h metaconid 

a n d metastyl id are pointed a n d far apart o n the occlusal surface, becoming 

m o r e rounded a n d somewhat closer together basally. T h e c r o w n diameters 

are 25.5 by 13 m m . 

O f three last lower molars , two, v i z . , L . 1-172, S h u n g u r a M e m b e r B 1 1 , 

M 3 s in . , and L . 729-5, S h u n g u r a M e m b e r B , M 3 s in . , have a n ectostylid, 

w h i l e the t h i r d , L . 2-2a, S h u n g u r a M e m b e r B , M 3 s in . , does not have it . 

L . 1-172 is 5.5 c m h i g h as w o r n , and the ectostylid is just touched by wear 

( s h o w i n g the l itt le spur i n the e n t o f l e x i d ) . T h e protosty l id is as h i g h as 

the ectostylid, the ptychosty l id m a r k e d , at least occlusally. I n L . 729-5 the 

ectostylid is w o r n to a r i n g 3.5 m m across at 4 c m f r o m the base. T h e 

specimen L . 2-2a, i n w h i c h the ectostylid is so capric iously absent, d i f f e r s 

i n n o other w a y f r o m the others. T h e c r o w n diameters o f the three spec

imens, at 2 c m f r o m t h e i r bases, are 30 m m anteroposteriorly, a n d 12-13 

m m transversely. 

T h e r e remains, f r o m S h u n g u r a M e m b e r Β 1 2 , a fragment o f left lower 

cheek tooth, L . 795-14, w i t h metaconid a n d metastyl id, 6 c m h i g h as 

preserved. 

A few postcranial Hipparion remains f r o m S h u n g u r a M e m b e r B 1 1 , v i z . , 

a nav icu lar s in . , L . 1-14, a shaft p o r t i o n of a f e m u r s i n . w i t h the t h i r d 

trochanter, L . 1-66, a n d the distal e n d o f a t i b i a s in . , L . 1-65, are indis 

t inguishable f r o m series o f these bones f r o m O l d u v a i G o r g e representing 

both Hipparion and Equus. T h e y w i l l be dealt w i t h a long w i t h these 

remains. 

S H U N G U R A M E M B E R C 

It is i n this p o r t i o n o f the S h u n g u r a F o r m a t i o n sequence, w i t h a 

p r o v i s i o n a l age of 2.9 to 2.4 m i l l i o n years, that we begin to encounter very 

hypsodont cheek teeth that approach "Stylohipparion", a l though the ecto

s ty l id development st i l l is somewhat i n f e r i o r to that seen i n ful l- f ledged 

Hipparion ethiopicum a n d that f r o m O l d u v a i B e d I I . T h e r e are some lower 

incisors f i rs t : 

L . 132-11 a n d L . 27-15A, S h u n g u r a M e m b e r C , are w o r n I 2 dext. T h e 

base is preserved only i n L . 132-11, a n d its w o r n height is 37 m m . T h e 

diameters are 16 by 12.5 m m at the top against 13 m m labio l ingual ly a n d 

9.5 m m transversely at the base. T h e other I 2 , L . 27-15A, a f ragment 32 m m 
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h igh , is 17 b y 12 m m occlusally. T h e r e is a m e d i a n l i n g u a l r idge f lanked by 

sharp grooves i n both of the I 2 , but i n L . 132-11 i t is seen to flatten out 20 

m m f r o m the base. T h e cup is f i l l ed w i t h cement a n d has a wavy outline. 

L . 768-1, S h u n g u r a M e m b e r C , is an M 3 s in . that is not w e l l preserved, 

but metacone a n d hypocone are untouched a n d the base preserved at least 

posteriorly. Because of the natural curvature o f the c r o w n of this last upper 

molar , the posterior height ( w h i c h can be measured exactly as 63 m m , i n 

a straight l ine) i n less than that anter ior ly , what w i t h the higher anterior 

cusps (paracone and protoconule) a n d the l o w e r base, at the convex side 

of the curved tooth. T h e protoconule is not preserved; the paracone has 

probably lost some 3-5 m m i n height because o f wear, w h i c h makes f o r a 

f u l l c r o w n height of approximate ly 75 m m . T h e protocone is untouched 

by wear, and is recurved external ly at the t ip , against the t ip of the l ikewise 

untouched hypocone and even c u r v i n g somewhat over it . P l i c a t i o n patterns 

of course cannot be seen at this stage yet. T h e antero-external edge o f the 

c r o w n is damaged, as is most o f the apical h a l f o f the anterior surface: 

the basal c r o w n diameters are 27 b y 22 m m , whereas one c m f r o m the apex 

these diameters are 22 by 19 m m . T h e protocone has a u n i f o r m antero

posterior diameter of 11 m m throughout its height. T h e present tooth is as 

h i g h as the uncut M 3 i n the subadult O l d u v a i B K I I s k u l l (no. 2 8 3 ) . 

L . 724-3, S h u n g u r a M e m b e r C , is l ikewise a s l ight ly w o r n M 3 s in . but 

it lacks the apical ha l f o f the internal surface a n d the base is not quite 

complete. T h e f u l l height o f this specimen is 71 m m , i n a straight l ine , 

the protocone is 9.5 m m anteroposteriorly a n d 3.5 m m transversely as seen 

i n section at 3.5 c m f r o m the base, the c~own diameters 24 b y 20 m m at 

this level. 

L . 724-2, S h u n g u r a M e m b e r C , is a n M 1 2 s i n . that m a y have belonged 

to the same i n d i v i d u a l as the last; unfortunate ly the external surface is 

miss ing . T h e c r o w n height, as w o r n , is 67 m m , the p l i counts 3-7-2-1, 

single caballine f o l d , and protocone 9.5 b y 3.5 m m , anteroposterior c r o w n 

diameter 25 m m . 

L . 46-33, S h u n g u r a M e m b e r C , is a ( Prolled) P 3 * 4 s in . , preserved height 

6 cm, p l i numbers 1-7-5-1, double p l i cabal l in, protocone incomplete, no 

diameters can be given. 

L . 777'2y S h u n g u r a M e m b e r C , a port ion o f a m u c h w o r n left upper 

cheek tooth. 

L . 27-4, S h u n g u r a M e m b e r C , external p o r t i o n o f a D M 3 4 s in . , t h i n 

enamel, p l i counts 4 - 5 - 5 + - ? , external c r o w n height 16 m m . 

L . 51-11A, S h u n g u r a M e m b e r C , is a worn-out D M 3 4 s in . i n w h i c h the 

postfossette is represented b y t w o enamel is lands, a n d the protocone is 9.5 
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by 5.5 mm, internally flattened. The crown, worn to 7 mm of height, is 

22.5 mm transversely. 

Among the lower teeth there is a set from Shungura Member C, L . 304-3 

( P 2 sin.) and L . 304-21A ( M 3 dext), L . 304-21B ( P 3 sin.), L . 304-21C 

( M 2 sin.), L . 304-21D ( M 2 dext), L . 304-21E ( M x sin.) plus a few 

fragments all evidently of one and the same individual. Crown heights as 

worn are: P 2 : 39 mm, P 3 : 46 mm, M x : 57 mm, M 2 : 63 mm, and M 3 : 

66 mm. The ectostylid is present and well-developed in all these teeth, and 

extends to their occlusal surfaces except in M 3 , in which it is only 49 mm 

high; the basal anteroposterior diameters vary from 6-7 mm and the enamel 

figures occlusally are from 4 mm (in P 2 , the most worn tooth) to 1 mm 

(in M 2 ) in diameters. A l l the teeth have marked protostylids, the metastylid 

angular and the metaconid more rounded-triangular. Crown diameters are 

in table 17, and have been taken at 2 cm from the crown base. 

T A B L E 17 

Measurements of teeth from Shungura Member C, L . 304-3, L . 304-21 

(mm) 

P2 P 3 P 4 M i M 2 Ms 

Anteroposterior 29 26 — 25 24 24 

Transverse 14.5 16.5 — — 13 11 

The teeth of the Shungura Member B n mandible (table 16) are slightly 

more down, and in the M 3 of this specimen the ectostylid reaches the 

occlusal surface. In the Shungura Member C lower dentition the ectostylids 

are at least 60 mm high, as the M 2 shows, whereas that of M 3 barely reaches 

50 mm in height. Ptychostylids are present in all the teeth, and show 

occlusally, while in P 2 as well as in the slightly worn M 2 the enamel spur 

in the anterior part of the entoflexid is seen; this apical structure that soon 

vanishes upon wear is not observed in the mandible from Shungura Member 

B n , another sign that it is more worn than the Shungura Member C teeth: 

the ectostylid height in the earlier teeth is somewhat in excess of 5 cm, 

certainly not much at that. 

L . 55-29, Shungura Member C, is rather complete M x _ 2 dext., and its 

crown height is 7 cm. The ectostylid is seen to peter out at at 60 mm from 

the base, and, therefore, does not show occlusally. This slightly worn tooth 

is 28 by 13 mm occlusally, because of the posteriorly projecting hypo-

conulid; at 2 cm from the base it is 23 by 13 mm in diameters. 

L . 15-16, Shungura Member C, an M x _ 2 sin., worn height 5.5 cm, has 

an ectostylid all the way up to the occlusal surface. Crown diameters 21.5 

by 12 mm. 
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L . 327-9, S h u n g u r a M e m b e r C , is a nearly u n w o r n c r o w n p o r t i o n o f a n 

Mx.2 dext. i n w h i c h the apex of the ectostylid is seen to extend just 10 m m 

short of the c r o w n edge. Diameters as i n L . 55-29. 

L . 768-19, S h u n g u r a M e m b e r C , is a n M 3 s in . unfortunately incomplete 

internal ly , w o r n to 6.5 c m of height, a n d 28.5 by 12.5 m m i n diameters, at 

2 cm f r o m its base. 

L . 45-10, S h u n g u r a M e m b e r C , a m u c h w o r n P 3 . 4 s in . (height only 2 

c m ) , has an ectostylid 8 b y 3.5 m m i n diameters; the c r o w n is 23.5 m m 

(reduced as a result of i n t e r p r o x i m a l wear) by 16.5 m m . 

L . 768-18, S h u n g u r a M e m b e r C , a P 3 . 4 dext. 4.5 c m h i g h as w o r n , f u l l 

ectostylid (5.5 by 2.5 m m occ lusal ly) , measures 26 by 16.5 m m at 2 c m 

f r o m the base. 

L . 335-30, S h u n g u r a M e m b e r C , is a P 3 . 4 s i n . incomplete o n the sides 

and basally: its anteroposterior diameter is 25 m m at the occlusal surface, 

about 2 c m f r o m its base, a n d the ectostylid measures 5.5 by 3 m m . 

R e m a i n i n g l o w e r cheek tooth fragments, f r o m S h u n g u r a M e m b e r C : 

L . 27-34, L . 69-11, L . 51-11B, L . 327-24, a n d L . 355-5 are l isted f o r 

completeness of record. 

T h e distal p o r t i o n o f a metatarsal I I I f r o m S h u n g u r a M e m b e r C , 

L . 46-34, is Hipparion; the distal ar t icular w i d t h is 43 m m , a n d the distal 

crest measures 34.5 m m anteroposteriorly. A n astragalus dext., S h u n g u r a 

M e m b e r C , L . 183-26, measures 45 m m i n distal ar t icular w i d t h , a n d 61 

m m i n media l height, a n d thereby is intermediate i n size between the largest 

a n d the smaller Hipparion astragali f r o m L o t h a g a m ( H o o i j e r & M a g l i o , 

1974: 19, 2 7 ) . 

S H U N G U R A M E M B E R D 

T h e Hipparion specimens f r o m this port ion o f the S h u n g u r a F o r m a t i o n 

sequence, prov is ional ly dated at 2.4 to 2.1 m i l l i o n years, comprise some 

incisors as wel l as cheek teeth, a l l w o r n : 

L . 36-14, S h u n g u r a M e m b e r D , is an I x dext. 50 m m h i g h as w o r n , 

measur ing 21.5 by 11.5 m m occlusally. T h e m e d i a n l ingual r idge is m a r k e d 

( p i . 3 f i g . 8 ) ; the lateral o f the grooves d e l i m i t i n g i t is most pronounced. 

T h e median external groove shows i n the basal 20 m m . T h e basal w i d t h is 

13 m m . 

L . 9-29, S h u n g u r a M e m b e r D 5 , is a n I 2 s i n . It is w o r n , w i t h the base 

incomplete, a n d the occlusal diameters are 19 b y 11 m m . 

L . 11-4, S h u n g u r a M e m b e r D 5 , a n M 3 s i n . w o r n d o w n to 5 c m , i n 

w h i c h the ectostylid t ip is just touched by wear , g i v i n g a height o f 5 0 + 

m m . C r o w n diameters 26 b y 11 m m . 
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L . 95-1, S h u n g u r a M e m b e r D , a n M x _ 2 dext., has a w o r n height o f 4.5 

c m ; the ectostylid as w e l l as the protosty l id extend a long the f u l l height 

of the c r o w n , w h i c h measures 25 by 13 m m . 

L . 581-3, S h u n g u r a M e m b e r D , a n M 1 2 s in . , the o n l y entire upper 

cheek tooth, 25 by 24 m m i n diameters, has pl is n u m b e r i n g 3-5-4-?! , a 

single p l i cabal l in, a n d a protocone 9 by 4 m m occlusally, at 4.5 c m f r o m 

the base. 

L . 12-3B, S h u n g u r a M e m b e r D 2 , a n incomplete M 3 dext. , about 4.5 c m 

h i g h as w o r n , measures 27 by 20 m m . P l i counts cannot be g iven. 

L . 12-3A, S h u n g u r a M e m b e r D 2 , a fragment of an M 1 2 dext. probably 

o f the same i n d i v i d u a l as the last, w o r n height at least 5 c m , shows pl is 

n u m b e r i n g 5-8-4-? 

L . 11-5, S h u n g u r a M e m b e r D 5 , a fragment o f an upper left cheek tooth, 

a n d L . 12-24A a n d B , S h u n g u r a M e m b e r D 2 , and L . 9-80, S h u n g u r a 

M e m b e r D 5 , three l o w e r cheek tooth fragments, do not add anyth ing o f 

value. 

T h e distal e n d of a t ib ia dext., L . 36-13, S h u n g u r a M e m b e r D , cannot 

be dist inguished f r o m series o f Hipparion a n d Equus t ibiae f r o m O l d u v a i 

G o r g e to be dealt w i t h i n a later paper. 

S H U N G U R A M E M B E R Ε 

T h i s M e m b e r , dated p r o v i s i o n a l l y at 2.1 to 2.05 m i l l i o n years, is again 

not wel l represented i n the Hipparion collection, but there is at least one 

lower cheek tooth that is 70 m m h i g h as w o r n , w i t h an ectostylid i n excess 

of 65 m m i n height: 

L . 2 6 - 2 8 A , S h u n g u r a M e m b e r E , a n Μ±.2 s in . , 7 c m h i g h as w o r n , 

the ectostylid f o r m i n g an i s land 6 by 2.5 m m i n diameters at 65 m m above 

its base. S m a l l ex tra spur i n anterior p o r t i o n of entof lex id , metaconid a n d 

metastyl id rounded t r iangular a n d pointed internal ly , w i d e l y spaced, proto

sty l id developed to f u l l height of c r o w n , weak ptychostyl id. C r o w n 23.5 by 

13 m m i n diameters. 

L . 20-17, S h u n g u r a M e m b e r E , an u n w o r n M x _ 2 dext., base incomplete, 

w i t h ectostylid extending to 10 m m below the external cusps, 6 m m 

anteroposteriorly, and basal p o r t i o n m i s s i n g . 

L . 26-99, S h u n g u r a M e m b e r E , P 3 4 dext; w o r n to 3.5 c m , p l i counts 

2-6-5-1, single p l i cabal l in, protocone 9 by 4 m m , c r o w n diameters 23 by 

25 m m . 

L . 206-6, S h u n g u r a M e m b e r Ε , P 2 s in . , incomplete external ly a n d behind, 

4.5 c m h i g h as w o r n . P l i s 1-5-3-2, caballine f o l d single, protocone 7 by 

4 m m . 

5 
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L . 763-2, S h u n g u r a M e m b e r E , M 1 * 2 dext., w o r n height 3.5 c m , pl is 

2-7-3-1, caballine f o l d single, protocone damaged, c r o w n 22.5 m m antero

posteriorly. 

L . 757-1, S h u n g u r a M e m b e r E , external p o r t i o n of left upper cheek tooth, 

a n d L . 146-101D, S h u n g u r a M e m b e r E , prefossette p o r t i o n of left upper 

cheek tooth. 

L . 5 / 6 - 6 3 A , S h u n g u r a M e m b e r E , P 3 _ 4 dext., w o r n to 3.5 c m , ectostylid 

4 m m anteroposteriorly, c r o w n 25 b y 13.5 m m . 

L . 5/6-63B, S h u n g u r a M e m b e r Ε , M x . 2 s in . , w o r n to 4.5 cm, ectostylid 

5 m m anteroposteriorly, c r o w n 24 b y 13.5 m m . 

L . 127-30, S h u n g u r a M e m b e r E , M x _ 2 s in . , w o r n to 1.5 c m , ectostylid 

5 by 3 m m , c r o w n 21.5 by 13 m m . 

L . 468-3, S h u n g u r a M e m b e r E , M x _ 2 dext. , w o r n to 2 c m , ectostylid 

5.5 by 2 m m , c r o w n 21 by 12 m m . 

L . 185-4, S h u n g u r a M e m b e r E , P 3 . 4 s in. , w o r n to 5 cm, external surface 

miss ing. 

L . 2 6 - 2 8 B , S h u n g u r a M e m b e r E , u n w o r n apical p o r t i o n of right lower 

cheek tooth. 

L . 147-24, S h u n g u r a M e m b e r E , posterior p o r t i o n o f left lower cheek 

tooth. 

T w o postcranial elements of Hipparion are present i n the collection of 

S h u n g u r a M e m b e r E , v iz . , an astragalus dext. , L . 168-9, w l t n a distal 

ar t icular w i d t h of 45 m m a n d a media l height exceeding 55 m m , a n d the 

p r o x i m a l p o r t i o n o f a metatarsal I I I dext., L . 168-10, w i t h a greatest w i d t h 

of some 45 m m (both specimens are damaged). 

I n the next port ion of the S h u n g u r a F o r m a t i o n sequence, S h u n g u r a 

M e m b e r F , dated provis ional ly at 2.05 to 1.93 m i l l i o n years, Hipparion 
remains become m o r e numerous. T h e degree of hypsodonty is such (three u p 

pers, already w o r n , 75 m m h i g h : L . 7 9 - 2 A , L . 2 5 3 - 2 A , a n d L . 398-1182) 

that we have evidently rached the stage of "Stylohipparion". It w o u l d seem 

just i f ied , therefore, to use the name Hipparion ethiopicum (Joleaud) f o r 

the material f r o m S h u n g u r a M e m b e r F on up, although the species as such 

m a y have emerged earl ier: we have a very h igh-crowned m o l a r already i n 

S h u n g u r a M e m b e r C as noted above. I t is hoped that i n the future the 

transit ional phase o f U s n o F o r m a t i o n t h r o u g h S h u n g u r a M e m b e r E , 

spanning two m i l l i o n years, w i l l become better documented than it is n o w . 

Hipparion ethiopicum (Jo leaud) 

Libyhipparion ethiopicum Jo leaud (1933) , o f w h i c h I select the M 3 dext. 

(I.e., p l . I f igs. 2, 6) as the type (lectotype), is indist inguishable f r o m 
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Hipparion libycum a n d Hipparion steytleri: the upper m o l a r described as 

Equus (Hippotigris) sp. ( L e , p l . I f igs. 9, 13) has a n isolated protocone 

(cf . A r a m b o u r g , 1947: 304, p l . X I f i g . 4 ) , a n d hence is not Equus; its 

height is 81 m m . T h e lowers are characterized by their well-developed 

ectostylids, angular, pointed metaconid-metastylids, as w e l l as b y the ir 

hypsodonty. U n f o r t u n a t e l y , A r a m b o u r g (1947: 303) p r e f e r r e d to ignore 

t h e , n a m e Libyhipparion ethiopicum that was available f o r the O m o Hip
parion, a n d used Stylohipparion albertense ( H o p w o o d ) instead although 

we do not k n o w whether the lower cheek teeth of this species do possess 

ectostylids (above, p. 2 7 ) . L a t e r ( A r a m b o u r g , 1970: 8 4 ) , he placed both 

Hipparion albertense a n d Libyhipparion ethiopicum i n the s y n o n y m y of 

Stylohipparion libycum. E v e n the O m o expeditions of 1967-1974 have not 

recovered skulls of the Hipparion f r o m these beds, a n d f u l l specif ic ident i ty 

w i t h the N o r t h A f r i c a n V i l l a f r a n c h i a n Hipparion libycum cannot as yet be 

accepted as def ini te ly established. T h e teeth f r o m S h u n g u r a M e m b e r F on 

u p are here placed under the head Hipparion ethiopicum as this is the most 

correct procedure i n m y o p i n i o n . 

S H U N G U R A M E M B E R F 

I n his paper on "Libyhipparion ethiopicum", Joleaud (1933, p l . I f i g . 12) 

f igures one incisor. It is a n I x s in. , w o r n d o w n to about 35 m m f r o m its 

base, w i t h a part i t ion i n the cup, a n d measur ing about 14 m m transversely 

at the occlusal surface. T h i s specimen is s i m i l a r to O l d u v a i specimens 

w o r n to the same degree. I n the S h u n g u r a F o r m a t i o n collection there are 

several Hipparion inc isors f r o m M e m b e r C o n up, a n d these have been 

enumerated at the b e g i n n i n g of the present chapter, under Hipparion spec. 

T h e r e is no fundamental d i f ference between the incisors o f the earl ier and 

the later A f r i c a n h i p p a r i o n s : the later are just more hypsodont, w i t h a 

more reduced lateral inc isor , but the telltale I 3 o r I 3 is not represented 

i n the O m o collection. 

L . 253-2C a n d 2 B , S u n g u r a M e m b e r F , are two upper incisors , I 1 a n d 

I 2 dext., o f the same i n d i v i d u a l , w o r n to 50 m m f r o m the base external ly 

( p i . 13 f i g . 2 ) . T h e transverse and labio l ingual diameters at the top are 20 

13.5 m m f o r I 1 , a n d 19 b y 13 m m f o r I 2 . A t 25 m m f r o m the base widths 

are reduced to 17 m m , a n d at the base these are only 10 m m . T h e r e is a 

median r idge l ingual ly , m a r k e d o f f by grooves the lateral o f w h i c h is v e r y 

sharp. I 1 has a shal low external longi tudinal groove. S u c h g r o o v i n g is also 

seen i n O l d u v a i incisors f r o m B K I I (nos. 2845 a n d 5 ° ) · S i z e a n d hypso

donty are as i n the O l d u v a i I 1 and I 2 . 
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L . 470-3, S h u n g u r a M e m b e r F , is a P 2 dext. incomplete anter ior ly and 

external ly , height 5 c m as preserved, p l i counts 1-4-4-1, single p l i cabal l in, 

protocone 7.5 by 4 m m . 

P 3 or P 4 are represented by L . 7 9 - 2 A and L . 398-1182, both f r o m the 

r ight side a n d 75 m m h i g h as w o r n . T h e pl icat ion pattern is somewhat 

obscured, one has a single, the other a double caballine fo ld , a n d the 

protocone is 10 b y 3-4.5 m m . T h e c r o w n diameters, at 2 c m f r o m the base, 

are 23 m m anteroposteriorly, a n d 23-26 m m transversely. 

A n o t h e r v e r y hypsodont upper cheek tooth f r o m S h u n g u r a M e m b e r F , 

L . 2 5 3 - 2 A , is an M 1 o r M 2 dext. l ikewise w o r n to 75 m m of height. T h e r e 

are two more upper molars , L . 398-1987 a n d L . 789-3, both M 1 2 dext. 

more w o r n (to 60 m m of he ight) . T h e p l i counts i n these three specimens 

are i - ( 4 - 6 ) - 2 - i , w i t h single pl is caball ins, protocones 9-10.5 by 3.5-4 m m , 

c r o w n diameters 21 by 21-22 m m . 

M 3 is represented i n the S h u n g u r a M e m b e r F collection by three speci

mens, none o f w h i c h wel l preserved: L . 79-2B ( M 3 dext . ) , L . 79-2C a n d 

L . 421-1 (both M 3 s i n . ) . T h e y are w o r n to less than 70 m m of height, a n d 

the protocones are quite l o n g (9-10 m m ) . L . 421-1 is 25 m m anteroposte

r i o r l y at 2 c m f r o m its base. 

Several upper molar fragments f r o m S h u n g u r a M e m b e r F , L . 2 5 3 - 2 D , 

L . 399-23, L . 182-11A, a n d L . 182-11B, are l isted for the sake of com

pleteness. 

L . 398-13, S h u n g u r a M e m b e r F , is the distal art iculat ion of a t h i r d 

metacarpal o f Hipparion, 39 m m transversely, a n d w i t h an anteroposterior 

diameter o f the distal crest of 32 m m , indist inguisable f r o m those of 

O l d u v a i G o r g e (table 14). 

A P 4 a n d an Mt dext., L . 398-11 and 12, S h u n g u r a M e m b e r F , belong 

to a single i n d i v i d u a l . M x is w o r n to 20 m m , P 4 to 25 m m , and i n both o f 

them the ectostylid is connected w i t h the h y p o c o n i d by a n a r r o w isthmus 

( p i . 15 f i g . 1), a n exceptional feature shown i n late wear. 

Seven specimens of P 3 or P 4 a l l f r o m S h u n g u r a M e m b e r F are as 

fol lows: P 3 _ 4 dext.: (1) L . 52-68; (2) L . 465-67; P 3 . 4 s in . : (3) L . 7 9 - 2 D ; 

(4) L . 65-17; (5) L . 465-95; (6) L . 465-68, a n d (7) L . 467-44. T h e least 

w o r n (1) is 65 m m h i g h , a n d the ectostylid has a f u l l height of 60 m m . 

T h e ectostylids v a r y f r o m 6 to 8 m m anteroposteriorly at base, a n d the 

c r o w n diameters f r o m 22 to 25.5 m m anteroposteriorly and f r o m 13 to 

15.5 m m transversely at 2 c m f r o m the base. 

F o u r specimens of Mx o r M 2 , S h u n g u r a M e m b e r F , are: Mx.2 dext.: 

(1) L . 420-12; (2) L . 465-70; (3) L - 65-16, a n d M ^ s i n . : (4) L . 65-34. 
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Specimens 1 and 4 are 55 m m h i g h as w o r n but their ectostylids were 

higher. C r o w n diameters 23-24 by 12-14 m m * n this smal l series. 

A n u n w o r n c r o w n of a left lower molar , L . 38-3, S h u n g u r a M e m b e r F , 

lacks the hypoconid a n d the ectostylid and the base as w e l l : i t is 66 m m 

h i g h as preserved. A fragment of a r ight lower premolar, P . 935-2, is l isted 

f r o m completeness. 

L . 398-2049, S h u n g u r a M e m b e r F , is a D M 2 s in . incomplete anter ior ly , 

w i t h a c r o w n height of 23 m m external ly , and measur ing 20.5 m m 

transversely at the base. T h e protocone is very massive, 7.5 by 3 m m 

occlusally and lengthening a n d w i d e n i n g rootward. 

S H U N G U R A M E M B E R G 

T h i s port ion of the S h u n g u r a F o r m a t i o n , provis ional ly dated at 1.93 to 

1.83 m i l l i o n years, has a good representation of Hipparion teeth, of the 

"Stylohipparion" type. T h e r e are a few incisors, as fo l lows: 

L . 882-4, S h u n g u r a M e m b e r G , I χ dext. w o r n to 50 m m f r o m base, 

occlusal diameters 18 by 13 m m ; the basal w i d t h is no more than 9 m m . 

L . 627-216, S h u n g u r a M e m b e r G , c r o w n p o r t i o n of s l ight ly w o r n I x 

s in . , 22 by 11.5 m m i n diameters occlusally. T h e cup is w a v y i n outline, 

a n d cement-f i l led. 

These specimens compare very wel l w i t h their homologues i n the O l d u v a i 

collection. T h e l1 dext. has a median l ingual ridge, the 11 s in . a shallow 

external groove. A r a m b o u r g (1970: 86) makes quite a point of l ingual 

grooves bordered by a ridge on incisors o f "Stylohipparion" libycum f r o m 

A i n B r i m b a i n T u n i s i a , but this r i d g i n g a n d g r o o v i n g is among the 

variat ions seen i n O l d u v a i as wel l as i n O m o Hipparion incisors . 

A m o n g the upper cheek teeth, I single out an M 1 or M 2 s in . , L . 627-89, 

S h u n g u r a M e m b e r G , unfortunately l a c k i n g the internal p o r t i o n , that is 

s l ightly w o r n , w i t h part of the base preserved external ly: the total height 

as preserved is 84 m m . E v e n among the extensive collection of upper 

premolars and molars f r o m O l d u v a i G o r g e there is none w o r n so s l ightly 

a n d w i t h the base there: the c r o w n height o f the S h u n g u r a M e m b e r G 

upper molar w o u l d have been very close to o r at 90 m m i n the u n w o r n 

state. T h e pl icat ion is very complex: 3-7-4-1, the anteroposterior diameter 

25 m m at the top and 23 m m at 2 c m f r o m the c r o w n base. 

T h e same complex pl icat ion is exhibited i n a complete M 1 or M 2 dext., 

L . 675-3, w o r n to 6.5 c m of height, 26.5 m m anteroposteriorly at the top 

a n d 23 m m at 2 c m f r o m the base, at w h i c h level i t measures 23.5 m m 

transversely. T h e protocone is 9.5 by 4 m m i n occlusal diameters, the p l i 

cabal l in single. 
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L . 630-6, S h u n g u r a M e m b e r G , P 2 dext. w o r n to 4.5 cm, damaged fore 

a n d aft, p l i numbers 3-4-3-1, single p l i cabal l in, protocone 7 b y 4 m m , 

transverse c r o w n diameter 21 m m . 

L . 613-32, S h u n g u r a M e m b e r G , posterior p o r t i o n of P 2 s in . , protocone 

i l m m . 

L . 626-36, S h u n g u r a M e m b e r G , P 3 or P 4 dext., w o r n height 7.5 c m , 

p l i counts 2-5-2-2, single p l i cabal l in, protocone 11.5 by 3.5 m m . 

F . 513-12, S h u n g u r a M e m b e r G , P 3 o r P 4 dext. incomplete at base but 

almost 7 c m h i g h as preserved, p l i counts not clear, protocone 12 by 3 m m , 

anteroposterior c r o w n diameters d i m i n i s h i n g f r o m 25 to 21 m m d o w n w a r d , 

as i n the foregoing specimen. 

L . 7-155B a n d L . 44-16 are f r o m the same M e m b e r and serial posi t ion, 

r ight a n d left, respectively, w o r n to 3.5 to 4 c m ; state of preservation not 

so good. 

M 1 2 include, beside L . 627-89 a n d L . 675-3 already mentioned, the 

f o l l o w i n g f r o m S h u n g u r a M e m b e r G : M 1 2 dext.: (1) L . 627-212; (2) 

L . 740-24; (3) F . 267-5; M i " 2 s i n . : (4) L . 616-62; (5) L . 80-77; (6) 

L . 48-24. These teeth are incomplete i n various ways. T h e least w o r n (1) 

a n d (4) are 7.5 c m h i g h , the protocones up to 10 m m long anteroposteriorly, 

the anteroposterior c r o w n diameters 20.5 to 23 m m . 

O f the last upper m o l a r there are f r o m S h u n g u r a M e m b e r G : M 3 dext. : 

(1) L . 534-4; (2) 663-3; (3) L . 627-204; M 3 s in . : (4) L . 627-205; 

(5) L . 622-22; (6) L . 74-22. T h e best preserved specimen ( 1 ) , 70 m m 

h i g h , increases to 25.5 m m anteroposteriorly basally; the c r o w n diameters 

o f (3) a n d ( 5 ) , the only ones that can be measured, are 22-24 1 1 1 1 1 1 

anteroposteriorly and 18-19 m m transversely at 2 c m f r o m the base. 

R e m a i n i n g incomplete upper molars f r o m S h u n g u r a M e m b e r G are 

L . 597-16, L . 25-140, L . 163-3, F - 5!3-3 2> and F . 513-33» t h e l a s t w i t h a 

c r o w n height of 7.5 cm. 

L . 616-63, S h u n g u r a M e m b e r G , is an M x o r M 2 s in . ( p i . 17 f igs. 2,5) 

that is o n l y v e r y s l ightly w o r n . Its c r o w n height is 80 m m , a n d the 

anteroposterior diameter, 29 m m apical ly , is 24 m m at 2 cm f r o m the base, 

g i v i n g a height/lenght i n d e x of 335. T h e ectostyl id i n this specimen is 

75 m m high . These f igures compare very wel l w i t h those of the least w o r n 

O l d u v a i M j or M 2 , O L D / 5 7 , S H K I I , no. 1300, w h i c h is 78 m m h i g h , 

24 m m anteroposteriorly at 2 c m f r o m the base, g i v i n g a height/length i n d e x 

of 325; its ectostylid is at least 70 m m high. 

T h e lower premolars f r o m S h u n g u r a M e m b e r G comprise one P 3 or P 4 

dext., L . 627-214, w h i c h has lost most of the ectostylid and the hypoconid , 

73 m m h i g h as preserved: the others are w o r n more. T h e specimens are: 
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P3.4 dext.: (1) L . 627-214; (2) L . 627-203; (3) L . 7-230; P 3 . 4 s in . : (4) 

L . 842-1; (5) L . 74-11; (6) L . 628-191. T h e ectostylid varies f r o m 7.5 

to 9.5 m m anteroposteriorly at base, a n d remains wide f o r the greater part 

of its height: i n specimen (4) it r a p i d l y tapers to a point over less than 

8 m m o f height (the base is not preserved i n this specimen) . T h e proto

sty l id is a very distinct, be it n a r r o w , p i l l a r stopping a few m m short o f 

the c r o w n edge; the ptychostyl id is always clear occlusally (none of the 

specimens is w o r n d o w n to more than 5 c m ) . T h e c r o w n diameters, at 

2 c m f r o m the c r o w n base, are 24-27 m m anteroposteriorly, a n d 15-16.5 

m m transversely. 

O f the M x and M 2 , one specimen ( L . 24-9) is 78 m m h i g h as preserved, 

w i t h an ectostylid at least 70 m m h i g h a n d 6 m m i n diameter a l l over. T h e 

angular i ty of the " t i e " loops is very marked. I n another M ^ , w h i c h is 

f r o m the right side ( p i . 15 f ig . 2 ) , L . 626-29, the ectostylid is j o i n e d to the 

hypoconid. T h e c r o w n height as w o r n is 3.5 cm. O n the anter ior side of 

the ectostylid there are two enamel spurs neither of w h i c h of course is the 

ptychostyl id. I have not seen anyth ing l ike this exuberant g r o w t h i n the 

external groove of a Hipparion lower m o l a r before. T h e two Mx.2 are 

23-24 m m anteroposteriorly, and 13-14 m m transversely, w i t h i n the range 

o f the O l d u v a i series. 

O f the last lower molar , there are two specimens f r o m S h u n g u r a M e m b e r 

G , v iz . , M 3 dext., L . 597- 17B, incomplete anter ior ly , w i t h a n a r r o w 

ectostylid d i m i n i s h i n g i n anteroposterior diameter f r o m 5 to 3.5 m m over 

3 c m of height, a n d an M 3 s in. , L . 477-6, 70 m m h i g h as w o r n , w i t h an 

ectostylid at least 55 m m h i g h but most ly obscured by cement. T h i s M 3 

measures 25 by 11 m m at 2 cm f r o m the base. 

T h e r e remain several w o r n and b r o k e n fragments of l o w e r molars i n 

the S h u n g u r a M e m b e r G collection as fo l lows: L . 479-8, L . 504-11, L . 613-

33, and L . 626-124. 

T h e postcranial remains f r o m S h u n g u r a M e m b e r G include two indubi t 

able Hipparion distal ends of t h i r d metatarsals, L . 48-7 a n d L . 596-22. 

T h e distal ar t icular w i d t h is 38-39 m m , a n d the anteroposterior diameter 

of the crest 33-35 m m , as i n specimens f r o m O l d u v a i G o r g e (table 15). 

T h e r e is further the distal por t ion of a radius s in. w i t h the shaft of the 

u l n a (a not f u l l y reliable dist inct ion f r o m Equus), L . 16-57, a calcaneum 

dext. ( F . 513-39), and a port ion of a lateral metapodial ( F . 513-38), w h i c h 

w i l l be dealt w i t h at a later date. T h e r e are entire metapodials attributable 

to Equus, w h i c h makes its f i rs t appearance i n the S h u n g u r a F o r m a t i o n at 

M e m b e r G , but these as w e l l as the Equus teeth w i l l be reserved f o r a 

subsequent paper. 
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S H U N G U R A M E M B E R H 

F r o m S h u n g u r a M e m b e r H , i n c l u d i n g M e m b e r I, probable age 1.83 to 
1.7 m i l l i o n years, there is one indubitable Hipparion lower molar fragment, 

F . 510-47, w i t h an ectostylid 5 b y 2.5 m m i n diameters, but the fragment 

is only 3.5 c m h i g h as preserved. A n astragalus s in. , P . 955-1, f r o m 

S h u n g u r a M e m b e r H 5 , has a distal art icular w i d t h o f 45 m m a n d a medial 

height o f 53 m m , close to the smaller Hipparion astragali f r o m L o t h a g a m 

( H o o i j e r & M a g l i o , 1974: 2 7 ) . 

S H U N G U R A M E M B E R J 

T h i s M e m b e r (age probably between 1.7 a n d 1.5 m i l l i o n years) yielded 

one Hipparion molar , F . 12-9, a n M 1 o r M 2 dext. , w o r n d o w n to 5.5 c m , 

p l i numbers 3-7-4-1, single p l i cabal l in, protocone 8.5 by 3.5 m m , c r o w n 

diameters 21 by 23 m m . 

S H U N G U R A M E M B E R Κ 

F r o m this M e m b e r , age probably f r o m 1.5 to 1.3 m i l l i o n years, there 

come a n u m b e r o f Hipparion m o l a r teeth some o f w h i c h display a m a r k e d 

hypsodonty. T h e y bear the numbers F . 203-2-10, 13, 14 and 59. T w o 

uppers, F . 203-6 a n d 8, have the closed base between the fosettes and are 

s l ightly w o r n : the c r o w n height as preserved is 89 m m , a n d the (isolated) 

protocone is at least 8 0 m m h i g h a n d 10 m m anteroposteriorly w i t h a v e r y 

blunt t ip . T w o lowers , F . 203-2 a n d 3, l ikewise s l ight ly w o r n , have a c r o w n 

height o f at least 83 m m , the ectostylid f o r m i n g a p i l l a r 75 m m h i g h a n d 

u n i f o r m l y 7 m m anteroposteriorly, reducing to 5 m m at its w o r n apex. 

T h e r e are fur ther a central f ragment of an upper m o l a r w i t h a very 

complex pattern, F . 406-9, a n d a lower molar p o r t i o n w i t h a trace of the 

ectostylid basally, F . 407-1. 

S H U N G U R A M E M B E R L 

F r o m S h u n g u r a M e m b e r L . 2, age probably less than 1.3 m i l l i o n years, 

there is one Hipparion tooth, P . 997-19, M 1 o r M 2 s in . , incomplete on a l l 

sides except anter ior ly , w i t h a w o r n height o f 5 c m and an extremely 

complex pl icat ion pattern (5-8-5-2), a long, single p l i caball in, and a p r o 

tocone at least 10 m m anteroposteriorly (the internal port ion is m i s s i n g ) . 

A D D E N D U M 

Two slightly worn upper molars of Hipparion steytleri from the Grey Breccia of 
the Makapansgat Limeworks Site in the Transvaal have been examined by me in the 
Bernard Price Institute for Palaeontological Research, University of the Witwaters-
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rand, Johannesburg, through the courtesy of Dr. A . R. I. Cruickshank and Mrs. J . M . 
Maguire. M 2475 is an M 1 2 dext. somewhat damaged occlusally; the full height as 
preserved is 83 mm. The crown diameters at 2 cm from the base are 25 mm antero

posteriorly, and 23 mm transversely. The protocone is 9.5 by 4 mm in diameters at 2 cm 
from the occlusal surface, and 10.5 by 6 mm at about one cm from the base; it is 
completely isolated. A n M 1 2 sin., M 2476, is incomplete at the base, and its height from 
the closed bases of the fossettes is, again, 83 mm. A t the swollen apical portion of the 
crown the diameters are 30 by 24 mm, and at 2 cm from base the diameters are 25 by 
24.5 mm. The protocone is 10 by 4 mm occlusally. These Makapansgat molars are as 
hypsodont as their homologues in Hipparion ethiopicum from Shungura Members G 
L . 62789) and Κ (F. 2936 and 8) dealt with above. There are no permanent lower 
cheek teeth of Hipparion steytleri available from Makapansgat although milk molars, 
both uppers and lowers, abound in the collection, as is a feature of the representation 
of the larger mammals at Makapansgat. 
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Plate ι 

Hipparion primigenium ( V o n M e y e r ) , P 2 — M1 dext. and P 3 — P 4 

s in . i n s i tu, N g o r o r a F o r m a t i o n , K N M - B N 1117, c r o w n views, X 1.4. 

P late 2 

Hipparion primigenium ( V o n M e y e r ) . F i g . 1, M 3 s in . i n m a x i l l a r y 

fragment, A t e r i r Beds , K N M - A T 152, c r o w n v iew, X 1.4. F i g s . 2-3, I 2 

a n d I 3 dext. a n d I 3 s in . , associated, i n p r e m a x i l l a r y fragments, A t e r i r Beds, 

K N M - A T 153 a n d 154, c r o w n views, X 0.9. F i g . 4, P 2 — M 1 dext., asso

ciated, A t e r i r Beds , K N M - A T 150, c r o w n views, X 0.9. F i g . 5, I 2 and I 3 

s in . and C sup. s in . i n s itu, N g o r o r a F o r m a t i o n , K N M - B N 1154, c r o w n 

views, X 0.9. 

P la te 3 

F i g s , ι , 2 a n d 5-6, Hipparion primigenium ( V o n M e y e r ) , N g o r o r a 

F o r m a t i o n ; f i g . 1, P 3 or P 4 dext., K N M - B N 1119, c r o w n view, X 1.5; 

f i g . 2, r ight lower cheek tooth s h o w i n g small ectostylid, K N M - B N 1283, 

external v iew, X 1.4; figs, 5-6, p r o x i m a l phalanx of t h i r d digit , K N M - B N 

1202; f i g . s, dorsal v iew; f ig . 6, vo lar v iew, X 1.1. 

F i g . 4, Hipparion primigenium ( V o n M e y e r ) , M 1 dext., C h e m e r o n 

F o r m a t i o n , K N M - B C 367 (1 ) , c r o w n view, X 1.4. 

F i g s . 3, 7 and 8, Hipparion s p e c ; f ig . 3, P 3 or P 4 dext., U s n o F o r m a t i o n , 

W . 296, c r o w n v iew, X 1.3; f ig . 7, M 1 or M 2 dext., S h u n g u r a F o r m a t i o n 

M e m b e r B u , L . i -42e, c r o w n v i e w , X 1.6; f ig . 8, I x dext., S h u n g u r a 

F o r m a t i o n M e m b e r D , L . 36-14, l ingual v iew, X 1.1. 

P late 4 

F i g s . 1-2, Hipparion primigenium ( V o n M e y e r ) , Chemeron F o r m a t i o n ; 

f i g . ι , Μχ or M 2 dext., K N M - B C 367 ( 4 ) , c r o w n view, X 2.0; f ig . 2, M1 

or M 2 s in . , K N M - B C 367 ( 5 ) , c r o w n view, X 2.0. 

F i g s . 3-6, Hipparion turkanense H o o i j e r & M a g l i o ; f ig . 3, P 2 s in . , M u r s i 

F o r m a t i o n , Y S . 7-3, c r o w n view, X 2.1; f ig . 4, P 3 or P 4 dext. , M p e s i d a 

Beds , K N M - K P 079, c r o w n v iew, X 1.9; f ig . 5, P 3 or P 4 dext. , L u k e i n o 

F o r m a t i o n , K N M - K Y 79, c r o w n v iew, X 2.1; f i g . 6, Mx o r M 2 dext., 

L u k e i n o F o r m a t i o n , K N M - K Y 80, c r o w n view, X 2.1. 
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Plate 5 

F i g s . 1-2, Hipparion s p e c ; f ig . ι , M 1 or M 2 dext., U s n o F o r m a t i o n , 

W . 629, c r o w n view, X 2.o; f i g . 2, external ha l f o f M 1 o r M 2 s in . , 

S h u n g u r a F o r m a t i o n M e m b e r B , L . 2-2C, c r o w n v iew, X 1.5. 

F i g s . 3-5, Hipparion? a f f . sitifense P o m e l ; f ig . 3, M 1 — M 3 s in . , asso

ciated, C h e m e r o n F o r m a t i o n , K N M - B C 450-452, crowns views, X 1.0; 

f igs. 4-5, P 4 — M 2 dext., associated, C h e m e r o n F o r m a t i o n , basal p o r t i o n , 

K N M - B C 1157; f ig . 4, c r o w n views; f i g . 5, external v iews, X 1.1. 

F i g . 6, Hipparion primigenium ( V o n M e y e r ) , M x or M 2 dext., C h e m e r o n 

F o r m a t i o n , K N M - B C 367 ( 4 ) , external v iew, X 1.4. 

F i g . 7, Hipparion turkanense H o o i j e r & M a g l i o , P 2 s in . , M u r s i F o r 

mat ion, Y S . 7-3, external v iew, X 1.2. 

P late 6 

F i g s , ι and 5, Hipparion primigenium ( V o n M e y e r ) ; f i g . 1, P 2 s in . , 

K a n a p o i , K N M - K P 43, c r o w n view, X 1.3; f i g . 5, M 2 s in . , C h e m e r o n 

F o r m a t i o n , K N M - B C 367 ( 2 ) , c r o w n v iew, X 1.5. 

F i g s . 2-4, Hipparion s p e c ; f i g . 2, P 2 dext., U s n o F o r m a t i o n , W . 552, 

c r o w n view, X 1.2; f i g . 3, M 1 o r M 2 s in . , S h u n g u r a F o r m a t i o n M e m b e r B , 

L . 2 - 2 i a , c r o w n v iew, X 1.6; f i g . 4, D M 4 dext., S h u n g u r a F o r m a t i o n 

M e m b e r B , L . 2-150, c r o w n v iew, X 1.4. 

F i g . 6, Hipparion? a f f . sitifense P o m e l , M 1 o r M 2 dext., L u k e i n o F o r 

mat ion, K N M - L U 189, c r o w n view, X 2.0. 

Plate 7 

Hipparion cf. ethiopicum ( J o l e a u d ) , s k u l l , O l d u v a i Gorge , 1963, B K I I 

pit 6, nos. 2845-2846; f i g . ι , left lateral v iew; f i g . 2, r ight lateral v iew, 

X 0.2. 

Plate 8 

Hipparion cf. ethiopicum ( J o l e a u d ) , s k u l l , O l d u v a i Gorge , 1963, B K I I 

pit 6, nos. 2845-2846; f i g . ι , ventra l v iew; f i g . 2, dorsal v iew X 0.2. 

Plate 9 

Hipparion cf. ethiopicum ( J o l e a u d ) , O l d u v a i Gorge , 1963; f i g . 1, upper 

cheek teeth of s k u l l , B K I I , no. 283, Channel S a n d , c r o w n views, X 0.7; 

f i g . 2, upper cheek teeth of s k u l l , B K I I pit 6, no. 2846, c r o w n views, X 0.7. 
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Plate 10 

Hipparion cf. ethiopicum ( J o l e a u d ) , s k u l l , O l d u v a i Gorge , 1963, B K I I 

no. 283, C h a n n e l S a n d ; f i g . 1, r ight lateral v i e w ; f i g . 2, dorsal v i e w ; f i g . 3, 

left lateral view, X 0.3. 

Plate i l 

Hipparion cf. ethiopicum ( J o l e a u d ) , upper inc isors , O l d u v a i Gorge , B K 

I I ; f ig . ι , O L D / 5 5 , no. 264, occlusal view, X 0.9; f ig . 2, O L D / 6 3 , no. 

2845, occlusal view, X 1.0. 

Plate 12 

Hipparion cf. ethiopicum ( J o l e a u d ) , lower inc isors , O l d u v a i Gorge , B K 

I I ; figs. 1-2, O L D / 5 5 , no. 293; f i g . 1, occlusal view, X 0.5; f i g . 2, ventra l 

v iew, X 0.6; f i g . 3, O L D / 5 2 , no. 067/5344, occlusal view, X 0.5. 

P l a t e 13 

Hipparion cf. ethiopicum ( J o l e a u d ) ; f i g . 1, set of lower incisors , O L D / 

59, f r o m left to r ight : I 2 s in . , no. 461; I j s in . , no. 466; lt dext., no. 462; 

I 2 d e x t , no. 465, a l l of one i n d i v i d u a l , H W K I I , upper views, X 1.2; 

f i g . 2, I 1 a n d I 2 dext. of the same i n d i v i d u a l , S h u n g u r a F o r m a t i o n M e m b e r 

F , L . 253-2C a n d 2 B , lower views, X 1.1; f i g . 3, I 1 and I 2 s in . of the 

same i n d i v i d u a l , O L D / 5 2 , B K I I , nos. 50 a n d 52, lower views, X 1.2. 

Plate 14 

F i g . ι , Hipparion spec , left m a n d i b u l a r ramus w i t h P 2 — M 3 , S h u n g u r a 

F o r m a t i o n M e m b e r B u , L . 1-40, c r o w n view, X 1.0. 

F i g . 2, Hipparion cf. ethiopicum ( J o l e a u d ) , left m a n d i b u l a r ramus w i t h 

P 2 — M 3 , O L D / 5 2 , B K I I , no. 301, c r o w n v i e w , X 0.9. 

P l a t e 15 

F i g s . 1-2, Hipparion ethiopicum ( J o l e a u d ) ; f i g . 1, P 4 a n d M x dext. of 

the same i n d i v i d u a l , S h u n g u r a F o r m a t i o n M e m b e r F , L . 398-11 a n d 12, 

c r o w n views, X 1.6; f i g . 2, M x o r M 2 dext., S h u n g u r a F o r m a t i o n M e m b e r 

G , L . 626-29, c r o w n view, X 1.7. 

F i g s . 3 a n d 7, Hipparion s p e c , P 2 dext., S h u n g u r a F o r m a t i o n M e m b e r 

B í ι , L . 1-42C; f i g . 3, c r o w n view, X 1.6; f i g . 7, external v iew, X 1.7. 
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F i g . 4, Hipparion primigenium ( V o n M e y e r ) , left lower D M , C h e m e r o n 

F o r m a t i o n , K N M - B C 368, c r o w n v iew, Χ ι .8. 

F i g s . 5-6, Hipparion cf . ethiopicum ( J o l e a u d ) ; f i g . 5, D M 2 — D M 4 

s in . , O L D / 6 3 , B K I I , no. 3367, c r o w n views, X 0.9; f i g . 6, I x dext. et 

s in . , O L D / 5 7 , S H K I I , nos. 749 and 454, external v iews, X 0.8. 

Plate 16 

Hipparion cf. ethiopicum ( J o l e a u d ) ; f i g . 1, D I 2 s in. , O L D / ? , B K I I , 

4 / L S , no. 2774, c r o w n v i e w , X 2.2; f i g . 2, P 2 dext., O L D / 5 9 , L G K I I , 

no. 391, c r o w n view, X 1.7; f igs. 3 and 7, P 3 o r P 4 s in . , O L D / 6 3 , B K I I , 

no. 3363; f i g . 3, c r o w n v i e w , X 1.5; f i g . 7, external v iew, X 1.0; f ig . 4, 

M 3 dext., O L D / 5 9 , L G K I I , no. 395, external v iew, X 1.0; f i g . 5, P 3 

o r P 4 dext., O L D / 5 5 , B K I I , no. 285, internal v iew, X 1.2; f i g . 6, M x or 

M 2 dext. , O L D / 5 7 , S H K I I , no. 1300, internal v iew, X 1.0. 

P late 17 

F i g s , ι , 4 a n d 6, Hipparion cf. ethiopicum ( J o l e a u d ) ; f igs. 1 a n d 4, M x 

o r M 2 dext., O L D / 5 7 , S H K I I , no. 1300; f i g . 1, c r o w n v iew, X 1.5; f i g . 4, 

external v iew, X 1.0; f i g . 6, P 3 or P 4 dext., O L D / 5 5 , B K I I , no. 285, 

external v iew, X 1.2. 

F i g s . 2 a n d 5, Hipparion ethiopicum ( J o l e a u d ) , M x or M 2 s in . , S h u n g u r a 

F o r m a t i o n M e m b e r G , L . 616-63; fig- 2> c r o w n view, X 1.7; f i g . 5, 

external v iew, X 1.0. 

F i g s . 3 a n d 7, Hipparion s p e c , P 3 or P 4 s in . , U s n o F o r m a t i o n , H C F N . 

460; f i g . 3, c r o w n view, X 1.3; f ig . 7, external v iew, X 1.3. 

Plate 18 

F i g s . 1-2, Hipparion cf. ethiopicum ( J o l e a u d ) ; f i g . 1, metacarpal I I I s in . 

w i t h part of metacarpal I I attached to it , O L D / 6 0 , F L K N i , I I/1-2-3, 

no. 933, media l v iew, X 0.7; f ig . 2, metacarpal I I I dext. w i t h parts o f 

metacarpals I I a n d I V attached to it, O L D / 6 1 , F L K N i , T r . I l l , no. 7693, 

posterior v iew, X 0.7. 

F i g . 3, Hipparion cf. sitifense P o m e l , metacarpal I I I dext. w i t h p r o x i m a l 

a n d distal port ions of metacarpal I I attached to it , L o t h a g a m , K N M - L T 

139, medial v iew, X 0.7. 
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Plate 19 

F i g . ι , Hipparion cf. ethiopicum ( J o l e a u d ) , distal e n d of lateral meta

p o d i a l , O L D / 6 2 , J K 2, T T K , lateral view, X 0.9. 

F i g s . 2, 6, and 7, Hipparion? äff . sitifense P o m e l ; f i g . 2 distal end of 

lateral metapodial , L u k e i n o F o r m a t i o n , K N M  L U 051, lateral view, X 0.9; 

f i g . 6, distal p o r t i o n of metacarpal I I I , L u k e i n o F o r m a t i o n , K N M  L U 187, 

posterior view, X 0.6; f ig . 7, distal port ion of metatarsal I I I , S h u n g u r a 

F o r m a t i o n M e m b e r F , L . 6530, posterior view, X 0.7. 

F i g s . 34, Hipparion steytleri V a n H o e p e n , casts of distal ends of lateral 

metapodials, Makapansgat ; f i g . 3, M L D 20, lateral view, X 0.9; f i g . 4, 

M L D 36, lateral v iew, X 0.9. 

F i g . 5. Hipparion cf. sitifense P o m e l , distal p o r t i o n of metacarpal I V 

dext., L o t h a g a m , K N M  L T 139, lateral view, X 0.9. 
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