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ABSTRACT 
At the early and middle Miocene localities of the Sperrgebiet, Namibia, new 
material of climacoceratid tuminants have been collected recently. From 
Elisabethfeld we describe new material belonging to Propalaeoryx austroafri-
canus Stromer, 1926, together with a new genus and species of climacocera
tid Sperrgebietomeryx wardi n. gen., n. sp. , a species w i thou t frontal 
appendages close to Propalaeoryx and to primitive early Miocene European 
ruminants such as Andegameryx. From the locality of Arrisdrift, we define 
another new genus and species of climacoceratid with frontal appendages, 
Orangemeryx bendey n. gen., n. sp., characterized by its complex tined frontal 
apophyses. Comparison of the dentition and postcranial skeleton of this 
genus and those of Sperrgebietomeryx suggests a close phylogenetic relation
ships between them. 
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RESUME 
Nouveaux ruminants giraffoïdes du Miocène ancien et moyen de Namibie. 
Dans les localités du Miocène inférieur et moyen de la Sperrgebiet en 
Namibie, de nouveaux restes de ruminants Climacoceratidae ont été récem
ment técoltés. Un nouveau matériel provenant d'Elisabethfeld appartenant à 
Propalaeoryx austroafricanus Stromer, 1926 est décrit, ainsi qu 'un nouveau 
gente et une nouvelle espèce du Climacocetatidae, Sperrgebietomeryx wardi 
n. gen., n. sp., espèce ne possédant pas d'appendices frontaux, proche de 
Propalaeoryx et des ruminants primitifs du Miocène inférieur européen, 
comme Andegameryx. A Arrisdrift, nous décrivons un autte genre et une 
autte espèce de Climacoceratidae avec des appendices frontaux, Orangemeryx 
bendeyi, qui se catactérise par ses apophyses frontales complexes. Les compa
raisons entte la dentition et le squelette postctânien de ce genre et de ceux de 
Sperrgebietomeryx suggètent une proche parenté phylogénétique entre les 
deux. 

I N T R O D U C T I O N 

Thi s is the second t epo t t o n the r u m i n a n t s of the 

early and midd le Miocene of N a m i b i a collected 

by the N a m i b i a Palaeontology Expedi t ion . T h e 

f i r s t p a p e r d e a l t w i t h t h e s m a l l b o v i d 

Namibiomeryx senuti Mota les et ai, 1995 . In this 

article we describe the giraffoids from the same 

region. 

Two n e w genera of giraffoids recovered from the 

sites of Elisabethfeld and Arrisdrift in s o u t h e r n 

N a m i b i a (Fig. 1) reveal a great deal a b o u t t he 

o r ig ins of th is supe r f ami ly o f r u m i n a n t s . T h e 

n e w c l imacocera t id giraffoids lack frontal a p o 

physes, and occu t in the early M i o c e n e deposits 

at Elisabethfeld a n d o the r sites in the n o r t h e r n 

par t of the Sperrgebiet. Sperrgebietomeryx is clo

sely related to pr imit ive late Ol igocène European 

r u m i n a n t s such as Andegameryx G i n s b u r g et ai, 

1 9 9 4 , a n d lies c lose to t h e r o o t of t h e g r o u p 

w h i c h s u b s e q u e n t l y d e v e l o p e d a p o p h y s e s , t he 

Giraffoidea. Sperrgebietomeryx occurs in the same 

strata as ano ther sperrgebie tometycine , the genus 

Propalaeoryx Stromer, 1926. 

Basal midd le Miocene deposits at Arrisdrift have 

yielded a b u n d a n t remains of a n e w genus of cli

m a c o c e r a t i d , Orangemeryx, a c l i m a c o c e r a t i n e 

F I G . 1. — G e o g r a p h i c a l l o c a t i o n of Arrisdrift ( ea r ly m i d d l e 
Miocene) a n d Langen ta l a n d El isabethfeld (early Miocene) in 
the Sper rgeb ie t , sou the rn Namibia. 
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with fined apophyses . Examina t ion of the skull 
and postcranial skeleton of this genus and those 
of Sperrgebietomeryx suggests t ha t the Arrisdrift 
s p e c i e s m a y w e l l b e t h e d e s c e n d a n t o f t h e 
Elisabethfeld one . 
T h e transition from primitive pecorans to climaco-
ce ra t ids w i t h a p o p h y s e s t h u s a p p e a r s t o have 
occurred in Africa subsequent to colonizat ion of 
this con t inen t by pecorans from Eurasia. 

G E O L O G I C A L S E T T I N G 

E L I S A B E T H F E L D 

T h e early Miocene site of Elisabethfeld (Stromer 
1926) occupies o n e of a series of p r e - M i o c e n e 
valleys w h i c h used to d r a i n i n t o t h e A t l a n t i c 
O c e a n from the region of the present-day N a m i b 
Sand Sea. As a result of a wor ldwide rise in sea-
level du r ing the early Miocene the t ransient sedi
men t s in the valleys s topped moving , and further 
s ed imen ta t ion occurred in the d r o w n e d valleys. 
A t E l i s a b e t h f e l d , fine-grained red l i m e y si l ts 
a c c u m u l a t e d in a p l a i n t h a t lay b e t w e e n t h e 
G r i l l e n t a l a n d o n e of its s o u t h e r n t r i b u t a r i e s 
wh ich had cut th rough Proterozoic rocks. These 
red silts, wh ich are often overpr inted wi th p e d o -
genic features, were incised a n d then bur ied by 
green silts, sands and conglomera tes . These flu-
viatile beds are overlain by a fine-grained palaeo-
d u n e sequence (Greenman 1966, 1970; C o r b e t t 
1 9 8 9 ) . U n c o n f o r m a b l y o v e r l y i n g t h e e a r l y 
Miocene sediments is a two met re thick traverti
ne which has invaded the uppe r po r t i on of the 
aeolianite. Fragments of this travert ine have been 
i n c o r p o r a t e d i n t o a y o u n g e r set of aeo l ian i tes 
w h i c h c r o p o u t ex tens ive ly in t h e area, o f ten 
filling palaeo-valleys cut in to the early Miocene 
sediments . 

At t h e base o f o n e of t h e g reen , p e b b l y - s a n d 
channel infillings c ropp ing ou t as a low cliff a n d 
immed ia t e ly overlying the basal red l imey silts, 
the partial skeleton of a r u m i n a n t was observed 
by Drs J. W a r d a n d I. C o r b e t t in J u n e , 1 9 9 3 . 
T h e specimen was pho tog raphed and left in situ 
for l a t e r e x c a v a t i o n . I n A u g u s t , 1 9 9 3 , D r s 
M . Pickford a n d B. Senu t visited the site w i t h 
J. W a r d a n d excavated the skeleton. It was evi
d e n t t h a t at least 1 c m of s e d i m e n t h a d been 

removed, pr incipal ly by sand-blast ing, since the 
p h o t o g r a p h s h a d been taken t w o m o n t h s p re 
viously. A mand ib le wi th the cheekteeth in place 
in J u n e had eroded so that only the ventral mar 
gin of the jaw was left in August . 
T h e a s s o c i a t e d f a u n a i n d i c a t e s t h a t t h e 
El isabethfeld ske le ton is of early M i o c e n e age. 
T h e site correlates broadly wi th the localities of 
Songhor and Koru, Kenya, and is thus interpret
ed to be a b o u t 2 0 - 2 1 M a old (Faunal Set I of 
Pickford 1981) . 

A R R I S D R I F T 

T h e site of Arrisdrift occurs in a lateral channe l 
of the P ro to -Orange located abou t 1 k m east of 
the present-day channel of the river. Fossiliferous 
sediments lie at an a l t i tude of ab o u t 41 m above 
m e a n sea-level, inf i l l ing a low c h a n n e l ca rved 
in to the Gar iep G r o u p of Late Proterozoic age. 
T h e channel is filled wi th a complex cut-and-fill 
sequence of sed iments ranging in grain size from 
c o n g l o m e r a t e s to clays, t he la t te r r ep re sen t ing 
c lay-drapes depos i t ed d u r i n g per iods w h e n the 
Ar r i sd r i f t c h a n n e l was cu t off f rom t h e m a i n 
river. D u r i n g periods of high water, the channel 
wou ld be active, so that n u m e r o u s scour a n d fill 
episodes occurred, and can be seen in superposi
t ion in the excavation. 

D u r i n g per iods of low water level, the channe l 
was effectively isolated from the main stream and 
w o u l d have b e e n a q u i e t p o o l o f wa te r . T h i s 
channel lay close to sea-level, as indicated by the 
presence of serpul id w o r m tubes in a b u n d a n c e , 
even to t h e e x t e n t o f f o r m i n g s e r p u l i d reefs. 
Today these invertebrates live in brackish water 
in es tuar ine set t ings. T h e r e can be litt le d o u b t 
tha t at t he b e g i n n i n g of t he M i d d l e M i o c e n e , 
some 17 .5-17 M a ago, sea-level was some 41 m 
above present day levels. 

T h e site of Arrisdrift, like the earlier ones in the 
n o r t h e r n Sperrgebiet , owes its fo rmat ion to the 
wor ld-wide rise in sea-level tha t occurred at the 
e n d o f t h e ea r ly M i o c e n e , w h i c h c a u s e d t h e 
b a c k - p o n d i n g of s e d i m e n t s w i t h i n t he P r o t o -
O r a n g e valley. T h e difference in ages of the fossil 
sites in t he n o r t h e r n a n d s o u t h e r n Sperrgebie t 
ind ica te tha t the rise in sea-level was relatively 
slow, the h ighes t s t a n d be ing reached s o m e 2 -
3 M a later t h a n t h e onse t of r i s ing sea-levels. 
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FIG. 2. — Atlas of Sperrgebietomeryx wardin. gen . , n. s p . ( E F 37 '92) ; A, dorsa l view; B, ventral view. S c a l e bar : 20 mm. 

T h i s scenar io is con f i rmed by the discovery of 
ea r ly M i o c e n e m a m m a l s a t A u c h a s , a n o t h e r 
P r o t o - O r a n g e d e p o s i t , in s e d i m e n t s 3 2 - 3 7 m 
above present-day mean sea-level, or some 10 m 
lower than the deposi ts at Arrisdrift. 
By the t ime tha t sea-levels d r o p p e d again later in 
the midd le Miocene , the P ro to -Orange river had 
a b a n d o n e d some of its m e a n d e r loops a n d was 
following a less s inuous course towards the coast. 
W h e n inc is ion occu r red fo l lowing lower ing of 
base-levels, the early a n d midd le M i o c e n e sedi
men t s deposi ted in m a n y of the a b a n d o n e d loops 
wete left high a n d dry. 

T h e fauna associated wi th Omngemeryx is early 
midd le Miocene in age, correlat ing closely wi th 
E u r o p e a n z o n e M N 4 ( D e Brui jn et al. 1992) 
a n d w i t h t h e s i tes o f B u l u k a n d M a b o k o in 
K e n y a , a s s igned to F a u n a l Set P H I (P i ck fo rd 
1 9 8 1 ) . I t is p r o b a b l y a b o u t 1 7 . 5 - 1 7 M a 
(Pickford 1994) . 

S Y S T E M A T I C P A L E O N T O L O G Y 

Suborder R U M I N A N T I A Scopoli , 1777 
Superfamily G l R A F F O l D E A S impson , 1931 

Family C L I M A C O C E R A T I D A E H a m i l t o n , 1978 
( = C L I M A C O C E R I D A E H a m i l t o n , 1978) 

D I A G N O S I S . — Ruminants of medium to large size 
chatacterised by the tendency - in relation to other 
ruminants of the same age - for elongation of the 
neck (including the atlas) and limbs. Distal epiphysis 
of the metatatsal with open gully. Dentition with a 
cleat hypsodont tendency. Palaeomeryx fold in lower 
molars moderate or suppressed, hypoconid isolated 
and lobe of m3 simple. 

S l ' E R R G E B I E T O M E R Y C I N A E n . s u b f a m . 

TYPF. G E N U S . — Sperrgebietomeryx n . g e n . 

D I A G N O S I S . — C l i m a c o c e r a t i d a e w i t h o u t c t a n i a l p r o -
t u b e t a n c e s . C r a n i u m w i t h w i d e f r o n t a l s , s a g i t t a l c r e s t 
a n d n u c h a l s s t r o n g l y d e f i n e d . D e n t i t i o n m o d e r a t e l y 
h y p s o d o n t . P r e m o l a r s e r i e s e l o n g a t e . L o w e r m o l a r s 
w i t h s t r o n g s t y l i d s a n d m o d e r a t e p a l e o m e t y x f o l d . 
U p p e r m o l a t s w i t h v e r y s t r o n g s t y l e s a n d l a t e u n i o n o f 
t h e i n t e t n a l l o b e s w i t h t h e o u t e t w a l l . 

Sperrgebietomeryx n. gen. 

T Y P E S P E C I E S . — Sperrgebietomeryx wardi n. sp. 

D I A G N O S I S . — T h e same as for the type species. 

Sperrgebietomeryx wardi n. sp. 

cf. Strogulognathus sansaniensis F i l h o l ( S t r o m e r 1926). 
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FIG. 3 . — O c c l u s a l v iew of t h e lower dent i t ion of fossil r u m i n a n t s from the S p e r r g e b i e t , s o u t h e r n Namibia ; A, right m 3 - p 2 of 
Sperrgebietomeryx wardi n. gen . , n. s p . (EF 37 '93) , from Elisabethfeld; B, right m3-p2 and a lveolus of p 1 , Propalaeoryx austroafrica-
nus S t r o m e r (EF 3 '93) , from El isabethfe ld ; C, left m 3 - p 2 of Orangemeryx hendeyi (AD 1521) , from Arrisdrift; D, left m 2 - p 3 of 
Orangemeryx hendeyi n. gen . , n. s p . (AD 654 '94) , from Arrisdrift. S c a l e bar : 20 mm. 

HOLOTYPE. — EF 37'93, skull, mandible and associa
ted atlas, with patts of the vertebral column and hind 
l imbs (Figs 2, 3A, 4, 5, 1 0 F - H ) , housed in the 
M u s e u m of the Geologica l Survey of N a m i b i a , 
Windhoek. 

TYPE LOCALITY A N D AGE. — Elisabethfeld, Namibia. 
Early Miocene. 

ETYMOLOGY. — Sperrgebiet, German name for the 
"forbidden territory" on account of this name applied 
to the Diamond Area of southern Namibia; meryx, 
Greek for deer. The species name honours geologist 
Dr John Ward who found the holotype. 

D I A G N O S I S . — Medium-sized giraffoids, premolar 
series long and gracile. Lower p4 with simple meta
conid, directed posteriorly, anterior wing without bifur
cation. P2 and p2 nearly the same size as P3 and p3. 

DIFFERENTIAL DIAGNOSIS. — Sperrgebietomeryx differs 
from Propalaeoryx austroafricanus by its smaller size, 
by the more primitive morphology of the p4 and P4, 
and the loss of p i . It differs from Walangania africana 

(Whitworth 1958) by its larger size, the more gracile 
premolars and the more primitive construction of the 
p4 and P4. It differs from Prolibytherium Arambourg, 
1961, Giraffidae and Climacoceratinae by the absence 
of cranial protuberances which are present in the lattet 
three groups. 

D E S C R I P T I O N 

T h e skull (Figs 3-4) is well preserved, a l though 
eroded on the anter ior part of the left side, and 
slightly c rushed dorsoventral ly . In vent ra l view 
the skull presents a clearly primit ive morphology, 
comparable to that of Dremotherium (Sigogneau 
1968) . T h e audi tory region is of primitive type, 
wi th the styloid process located between the mas
to id process a n d the t y m p a n i c bul la , the lat ter 
b e i n g m o d e r a t e l y in f la ted , w h i l e t h e ex t e rna l 
audi tory meatus is p r o m i n e n t and almost circular. 
T h e basioccipital is relatively wide , w i th s t rong 
posterior and anter ior tubercles for muscle inser
t ions . T h e w i d t h of t he inse r t ion zone for t he 
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TABLE 1. — M e a s u r e m e n t s (length, width, in mm) of t he upper dentition of Sperrgebietomeryx wardi n. gen . , n. s p . from Elisabethfeld 
(EF 37 '93) , Propalaeoryx austroafricanus from Elisabethfeld (EF 4'93) and Orangemeryx hendeyi n. gen . , n. s p . from Arrisdrift. 

S. wardi P. austroafricanus O. hendeyi 
r EF3793 I E F 4 9 3 EF200'93 EF20V93 AD273 AD28394 AD33495 

LMM-PP 68.0 — 

LMM 39.5 38.2 41.5 63.0 
LPP 31.0 - -
LM3 13.5 13.0 14.0 21.6 
WM3 12.8 12.3 - 18.2 
LM2 13.6 13.5 15.1 21.4 
WM2 15.5 15.2 - 21.9 
LM1 13.5 12.2 13.0 21.0 
WM1 13.0 12.2 - 20.0 
LP4 10.0 9.5 10.5 11.4 13.1 
WP4 10.0 10.5 10.3 15.9 
LP3 10.0 10.7 11.5 
WP3 9.5 9.2 13.2 
LP2 10.4 - 12.5 14.1 
LP2 8.9 - - 11.8 

masseter muscles is remarkable, and reveals their 
s t rength. In dorsal view, the w i d t h of the frontals, 
the s trength and height of the sagittal crest and of 
the nucha l crest are all n o t a b l e features o f t he 
skull. T h e zygomatic process of the frontal is very 
p r o m i n e n t . T h e f r o n t a l s a re r e l a t i ve ly w i d e , 
a l t h o u g h they appea r w i d e r o n a c c o u n t of t he 
dorsovent ra l compress ion tha t affects the skull . 
T h e r e is n o lacrimal fossa, a n d there m a y have 

been an e thmoida l fenestra a l though the preser
vation of this part does no t allow of certainty in 
this matter . T h e external occipital p ro tuberance is 
very s t rong and projects posteriorly. T h e supra-
occipital has a wel l -marked crest. 

Upper dentition (Table 1, Fig. 4B) 
Molars wi th s t rong parastyles a n d mesostyles; in 
the M 3 the metastyle is also s t rong. T h e internal 

TABLE 2. — M e a s u r e m e n t s (length, width, in mm) of t he lower dentition of Sperrgebietomeryx wardi n. gen . , n. s p . from Elisabethfeld 
(EF 3 7 ' 9 3 ) , cf. Strogulognathus ( S t r o m e r 1 9 2 6 ) ; Propalaeoryx austroafricanus from E l i sabe th fe ld (EF 3 '93) a n d L a n g e n t a l 
(1926-507 , holotype), cf. Strogulognathus sansaniensis from Langenta l (St romer 1926) a n d Orangemeryx hendeyi n. gen . , n. s p . 
from Arrisdrift. 

S. wardi 
EF 37'93 

ci.Strogulog. 
1 

P. austroafricanus 
E F 3 9 3 1926-507 N 

O. hendeyi 
OR M 

LMM-PP 75.0 82.0 90.6 9 95.0-109.0 100.6 
LMM 44.0 48.2 52.8 12 58.0-65.5 62.1 
LPP 32.0 34.9 37.0 13 34.6-45.5 38.6 
Lm3 18.5 18.0 21.5 21.2 14 24.2-29.0 26.7 
Wm3 8.0 8.0 8.5 9.0 13 9.5-11.5 10.6 
Lm2 13.6 13.0 13.0 15.5 17 17.0-21.5 20.2 
Wm2 8.9 9.0 7.9 9.4 17 10.2-13.0 11.9 
Lm1 12.5 12.5 14.8 16 15.2-20.5 16.7 
Wm1 7.9 7.0 8.8 16 9.3-12.0 10.5 
Lp4 12.2 12.5 13.0 18 12.5-15.5 14.5 
Wp4 5.7 7.7 6.5 18 8.0-10.0 8.9 
Lp3 10.9 12.0 12.4 13 11.3-15.1 14.1 
Wp3 5.5 6.5 - 13 6.0-8.2 7.3 
Lp2 9.5 10.2 10.5 8 9.0-12.5 9.9 
Wp2 4.1 5.0 4.3 8 4.0-5.7 4.8 
Lp1 5.0 6.0 
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FIG. 5. — A-D, Sperrgebietomeryx wardi n. gen . , n. sp . , Elisabethfeld g r e e n s a n d s , northern Sper rgeb ie t , Namibia, early Miocene; 
A, ho lo type skull in left lateral view; B-D, right mand ib l e ; B, occ lusa l view of c h e e k denti t ion; C, lingual view; D, bucca l view; 
E-G, Propalaeoryx austroafricanus, S t romer , Elisabethfeld red silts, nor thern Sper rgeb ie t , Namibia, early Miocene , right mandib le ; 
E, buccal view; F, lingual view; G, occlusal view. S c a l e b a r s : 20 mm. 
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lobes fuse late wi th each other, the in ter lobular 
c o l u m n is small . M 2 is larger t h a n the o the t two 
molars , which ate approx imate ly the same size. 
T h e premolars are long, inc lud ing the P 4 , wh ich 
possesses a s t rong anter ior style wi th a c ingu lum 
r o u n d the p r o t o c o n e . P 3 a n d P2 also possess a 
s t rong anter ior style and a well-defined anter ior 
lobe [close morphologica l ly to the premolars of 
Boselaphini (Bovidae)]. 

Lower dentition (Table 2, Fig. 5 B - D ) 
T h e stage of wear prevents m u c h being observed, 
especially in the molars. T h e thi td lobe of m 3 is 
telatively small. T h e premolars are long and gra
cile. T h e close morphological similarity between 
the p t emola r s is no tab le , especially be tween p 3 
and p 4 . Both premolars have simple metaconids 
directed posteriorly and the anterior wing wi thou t 
bifurcation, while the external incision is moderate . 

D I S C U S S I O N 

T h e ex is tence o f t w o r u m i n a n t species in the 
e a r l y M i o c e n e o f t h e n o r t h e r n p a r t o f t h e 
Sperrgebiet was n o t e d by S t romer (1926) o n the 
basis of fossils from Langental a n d Elisabethfeld 
assigned by h i m to cf. Strogulognathus sansanien-
sis Filhol, 1870 a n d Propalaeoryx austroafricanus 
Stromer, 1926, respectively. T h e dent i t ions assign
ed to Strogulognathus were slightly smaller t h a n 
those ass igned to Propalaeoryx austroafricanus, 
bu t were otherwise similar to t h e m , which is w h y 
they have subsequent ly been poo led wi th those 
of P. austroafricanus ( H a m i l t o n & Van Couver ing 
1976) . 

G e n u s Propalaeoryx Stromer, 1926 

T Y P E SPECIES . — Propalaeoryx austroafticanus Stromer, 
1926. 

H O L O T Y P E . — 1926-507, mandible. 

T Y P E LOCALITY. — Elisabethfeld, Namibia. 

N E W C O L L E C T I O N S . — Elisabethfeld, Namibia: EF 
3'93, right mandible (Table 2, Fig. 5E-G); EF 4'94, 
fragment of right maxilla with damaged P4-M3; EF 
200'93 right P4; EF 2001'93 left P2 (Table 1). 

D E S C R I P T I O N 

T h e mand ib le has lost the ascending ramus and 

the symphyseal por t ion . T h e horizontal ramus is 
robus t a n d preserves the alveolus for p i wh ich is 
uniradiculate . T h e lower molars possess a m o d e 
rate pa l eomeryx fold, m o s t m a r k e d in the m l . 
T h e metastyl id is s t rong a n d isolated. T h e pos
ter ior w i n g of t he h y p o c o n i d is well separa ted 
from the en tocon id . T h e basal pillar is of m o d e 
rate size. T h e h y p o c o n u l i d of the m 3 is s imple 
and of modera t e size. T h e p4 presents a bifurcate 
anter ior w ing and complex me tacon id posi t ioned 
in front of the p ro tocon id a n d forming an inci
p ien t internal wall. T h e r e is a deep vertical inci
s ion in t he pos te r io r pa r t of the external wall . 
T h e p 3 is m u c h simpler. It also has a bifurcate 
anterior wing, bu t the metaconid is a simple crest 
d i rec ted backwards . T h e p 2 is smal ler t h a n p 3 
wi th a simple anterior wing. T h e dimensions (in 
m m ) of the specimen are as follows: molar series 
48 .2 ; premolar series (wi thout the p i ) 34 .9 ; m 3 
21.5 x 8.5; m 2 13 x 7.9; m l 12.5 x 7; p4 12.5 x 
7.7; p 3 12 x 6.5; p2 10.2 x 5; p i (alveolus) 5 x 2 . 
T h e maxil la f ragment is bad ly a b t a d e d so tha t 
the internal lobes of the four teeth P 4 - M 3 have 
been pa t t ly destroyed, so tha t on ly the external 
length of the teeth can be measured , as follows 
(in m m ) : M 3 14; M 2 15 .1 ; M l 13; P4 10.5 . In 
the three molars the parastyle a n d mesostyle are 
we l l -deve loped a n d externa l ly wel l -def ined . In 
the M 3 there is, in addi t ion , a s t rong metastyle 
which is also well defined externally and which is 
un i t ed by a basal c i n g u l u m to t he o the r styles. 
T h e P 4 is e longa ted w i t h s t r o n g parastyle a n d 
metastyle. 

T h e isolated P4 (11.4 X 10.3 m m ) has an exter
nal wall similar to tha t in the specimen described 
above. T h e p ro tocone is su r rounded by a relati
vely s t rong c ingu lum. 
T h e isolated P2 (length 12.5 m m ) is missing its 
p r o t o c o n e . T h e parastyle is latge a n d globular . 
T h e p a r a c o n e is well m a r k e d external ly a n d is 
j o i n e d to the pa tas ty le by a s m o o t h c i n g u l u m 
which cont inues to the poster ior margin . 

D I S C U S S I O N 

T h e Elisabethfeld Propalaeoryx m a n d i b l e differs 
from that of Sperrgebietomeryx by its larger size, 
the presence of a well-developed p i and p r e m o 
lars w h i c h are m o r e robus t a n d c o m p l e x . T h e 
p 4 s a r e p a r t i c u l a r l y d i f f e r e n t , t h o s e o f 
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Propalaeoryx S t romer , 1926 , possessing a bifur- austroafricanus, a l t h o u g h t h e l a t t e r is s l igh t ly 
ca te a n t e r i o r w i n g , a s t r o n g m e t a c o n i d w h i c h larger a n d has a s impler me tacon id in its p 4 . T h e 
forms an incipient l ingual wall, a n d a deep exter- n e w j a w f r o m E l i s a b e t h f e l d h a s h y p s o d o n t 
nal incision. In all these characters this spec imen molars and , as in the holotype , the palaeomeryx 
is close to the holo type mand ib l e of Propalaeoryx fold is weak, be ing strongest in the m l . 

TABLE 3. — M e a s u r e m e n t s (in mm) of t he postcranial ske le ton of Sperrgebietomeryx wardi n. gen . , n. s p . from Elisabethfeld and 
Propalaeoryx austroafricanus from Elisabethfeld a n d Langen ta l (S t romer 1926) . Abbrev ia t ions : A P D , an te ro -pos t e r io r d i ame te r ; 
TD, t r ansver sa l d iamete r ; c . c , c o r p u s ca lcane i ; t . c , tuber ca lcane i ; m., ma leo lus ; s . , s u s t e n t a c u l u m . 

S. wardi Stromer, 1926 P. austroafricanus 

RADIUS EF 21'94 EF 23'94 EF 24'94 8 EF4V94 
Length 214.0 
Proximal APD 15.9 16.0 17.7 
Proximal TD 27.9 28.0 31.5 
Distal APD 19.4 
Distal TD 25.6 25.1 

S. wardi P. austroafricanus S. wardi Stromer, 1926 

HUMERUS EF36'94 EF 22'93 SCAPHOID EF 23'94 10a 1013 10y 
Distal APD 28.0 30.0 Anterior Height 13.1 13.0 12.5 14.8 
Distal TD 28.6 34.1 APD 17.2 18.5 19.0 20.5 

S. wardi Stromer, 1926 S. wardi Stromer, 1926 

SEMILUNAR EF 23'94 9 FEMUR EF 37'93 15 
Anterior Height 12.4 12.0 Proximal TD 50.0 52.0 
Proximal APD 16.3 Head APD 22.1 20.0 
Proximal TD 13.5 14.5 Head TD 28.1 27.0 

S. wardi S. wardi Stromer, 1926 

METACARPAL EF 35'93 EF23'94 EF24'94 TALUS EF 37'93 18a 18b-p 
Length 207.2 205.0 Lateral Length 31.4 31.0 35.5 
Proximal APD 17.3 17.8 Medial Length 29.9 
Proximal TD 21.4 22.1 Lateral APD 18.3 
Distal TD 23.8 Distal TD 20.2 19.0 21.2 

S. wardi P. austroafricanus S. wardi Stromer,1926 

CALCANEUM EF 37'93 EF 36'93 TIBIA EF 37'93 16a 16p 
Length 70.9 Length 257.0 
c.c. Length 49.0 50.3 Proximal APD 46.0 
t.c. APD 18.4 20.2 Midshaft APD 17.8 
t.c. TD 17.8 18.4 Midshaft TD 20.7 
c.c. APD 18.9 18.3 Distal APD 23.5 24.0 
c.c. TD 8.6 9.9 Distal TD 29.0 31.0 30.0 
m. APD 25.9 
s. TD 21.3 
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S.wardi P.austroafricanus Stromer, 1926 

1 PHALANX EF 24'94 EF 27'94 EF 28'94 13a 
Length 34.7 39.8 43.5 42.0 
Proximal APD 13.7 15.2 16.2 
Proximal TD 12.2 14.3 13.9 13.0 
Distal APD 9.4 9.5 9.9 
Distal TD 10.1 12.1 11.5 

S.wardi 

II PHALANX EF24'94 
Length 20.4 
Proximal APD 12.0 
Proximal TD 10.2 
Distal APD 10.7 
Distal TD 7.9 

Stromer, 1926 

13(3 
21.5-25.0 

7.5-9.0 

III PHALANX 
Plantar Length 
Dorsocaudal D 
Dorsoplantar D 

S.wardi 

EF 24'94 

17.4 

EF 34'94 
22.3 

13.7 

T h e upper den t i t ion of Propalaeoryx austroafrica
nus was h i the r to u n k n o w n , a n d the a t t r ibu t ion 
of the new Elisabethfeld specimen to this species 
is based o n its d i scovery locus , its size (larger 
than Sperrgebietomeryx) and its more robus t pre
molars . 

P O S T C R A N I A L S K E L E T O N O F Sperrgebietomeryx 
A N D Propalaeoryx 
Vertebral column 
Art icu la ted w i t h t he ho lo type skull of Sperrge
bietomeryx wardi there was the atlas (Fig. 2) a n d 
three cervical ver tebrae ( the axis, V 3 a n d V 4 ) . 
T h e a t las is n o t a b l e for its e l o n g a t i o n , b e i n g 
a lmost as long as it is wide , and in this respect 
resembles the atlas of sevetal an te lopes such as 
Gazella dama Pallas, 1766 . T h e ma tg ins of the 
wings are virtually parallel a n d straight . T h e axis 
a n d the o t h e t v e r t e b r a e are p o o r l y p re se rved , 
only V 3 be ing comple te a n d revealing that it too 
was elongated. 

Limb bones 
Elisabethfeld has yielded some th i r ty t u m i n a n t 
l i m b bones , in add i t i on to t he part ial skele ton 
found wi th the ho lo type skull and m a n d i b l e of 
Sperrgebietomeryx wardi. M a n y of the specimens 
have been sand-blasted a n d some are broken , so 
it is often difficult to assign t h e m taxonomically. 
Because o f t h e u n c e r t a i n t y in i d e n t i f y i n g to 
which species the bones be long we describe the 

spec imens together , b u t suspect t h a t t he larger 
specimens belong to Propalaeoryx austroafricanus 
Stromer, 1926 , whi le the others probably repre
sent S. wardi (Table 3) . 
S p e c i m e n s E F 2 2 ' 9 3 , a d i s t a l h u m e r u s 
(Fig. 1 0 E ) , E F 4 1 ' 9 4 , a p r o x i m a l r a d i o - u l n a , 
E F 3 6 ' 9 3 , t h e b o d y o f a c a l c a n e u m , a n d 
E F 2 8 ' 9 4 , a first phalanx, are assigned provision
ally to P. austroafricanus. 
T h e f o l l o w i n g s p e c i m e n s a r e a s s i g n e d t o 
S. wardi: EF 3 6 ' 9 4 and EF 2 2 ' 9 4 , distal humera l 
e p i p h y s e s ; E F 2 1 ' 9 4 , a c o m p l e t e t a d i u s ; 
EF 2 3 ' 9 4 , a r t icu la ted juveni le radial epiphysis , 
c a r p u s a n d p r o x i m a l e n d o f m e t a c a r p a l ; 
E F 2 4 ' 9 4 , a r t i c u l a t e d r a d i u s , m e t a c a r p a l a n d 
p h a l a n g e s ; E F 3 5 ' 9 3 , c o m p l e t e m e t a c a r p a l ; 
E F 3 7 ' 9 3 , proximal half of a femur, tibia, talus, 
ca lcaneum found wi th the holotype skull, m a n 
d i b l e a n d a t l a s ; E F 2 7 ' 9 4 , f i r s t p h a l a n x ; 
E F 3 4 ' 9 4 , th i rd phalanx. 

Humerus 
S. wardi has the radial fossa l imited by a tube ro 
sity which teaches the latetal epicondyle , a n d is 
very large because the cap i tu lum has a mode ta t e 
vert ical d e v e l o p m e n t a n d p rox ima l ly does n o t 
ascend greatly, whi le distally it stays at the same 
level as the t roch lea r g roove . T h e h u m e r u s o f 
P. austroafricanus is similar b u t it is slightly wider, 
has a medial condyle which is less well-developed 
proximodistally, and has very s t rong relief in the 
medial epicondyle 
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FIG. 6. — Orangemeryx hendeyi n. gen . , n. sp . , frontal a p o p h y s e s from Arrisdrift, sou the rn Sper rgeb ie t , Namibia, b a s e of the middle 
Miocene; A C , holotype frontal with b a s e of left a p o p h y s i s (AD 595 '94) ; A, medial view; B, frontal view; C, lateral view; D, E, lower 
part of a p o p h y s i s lateral v iews (AD 130); F, mid-part of a p o p h y s i s with b a s e of bifurcation t o w a r d s top of frame (AD 131). S c a l e b a r s : 
20 mm. 
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Radius 
T h e prox imal epiphysis is the same in t he two 
species, bu t in P. austroafricanus it is slightly big
ger and the lateral tuberosi ty is stronger. T h e dia-
physis in EF 2 1 ' 9 4 (Fig. 10G) is gracile, a n d the 
ar t iculâ t facets of the distal epiphysis in all the 
specimens have the typical m o r p h o l o g y of early 
M i o c e n e r u m i n a n t s ; t h a t o f t h e p y r a m i d a l is 
small a n d ho r i zon ta l , whe teas tha t for t he sca
p h o i d is larger a n d m o r e elevated t h a n tha t of 
the semi lunar a n d there is a pla t form for the ulna 
contact . 

Carpus 
T h e material is art iculated m a k i n g it difficult to 
observe all the morphologica l details (Fig. 10F). 
T h e semi lunar is subquadrangu la r and the distal 
lateral facet is m u c h wider than the medial one , 
also its m o r p h o l o g y and measurements ate iden
tical to those of cf. Strogulognathus sansaniensis 
Fi lhol , 1 8 7 0 , c i t ed by S t r o m e r ( 1 9 2 6 , p i . 4 0 , 
fig. 4) . 

Metacarpal 
T h i s bone is long a n d gracile (Fig. 10H) , the dia-
physis h a v i n g a flat pos t e r io r surface, a n d the 
proximal extremity being nar row wi th respect to 
the antero-pos ter ior diameter . T h e facet for the 
m a g n o t r a p e z o i d is very large c o m p a r e d to tha t 
for the unc i fo rm. T h e distal pulleys have well-
developed keels posteriorly. 

Femur 
T h e proximal half is preserved b u t b o t h t rochan
ters are b roken . O n the poster ior surface, below 
the lesser trochanter, thete is a roughened tr iangu
lar area del imited by two crests wh ich con t i nue 
parallel to the length of the diaphysis as in the 
extant gitaffid species Okapia johnstoni (Sclater 
1901) . 

Tibia 
T h i s b o n e is also long, gracile a n d straight. T h e 
tibial ctest is long, reaching to mid-shaft of the 
diaphysis . O n the pos ter ior surface next to the 
popl i teal l ine there is ano the r line parallel to it 
a n d s o m e w h a t shor ter , also as in Okapia. T h e 
medial distal groove is wide a n d shallow. In distal 
v iew the an te r io r a n d pos te r io r marg ins of the 

e p i p h y s i s are m a r k e d l y c o n c a v e a n d t h e wal l 
which separates the trochlear facets is short antero-
posteriorly. 

Astragalus 
C o r r e s p o n d i n g to the m o r p h o l o g y of the distal 
tibia, the depression between the two condyles of 
the proximal e n d is deep and is also asymmetr i 
cal. In the medial condyle there is a s t rong poste
rior process, a n d on the anter ior surface on bo th 
sides of t he fossa there are wel l -developed s top 
facets. O n the distal end , t he lateral condyle is 
m o r e extensive than the medial one . 

Calcaneum 
T h e ca lcaneum of Sperrgebietomeryx wardi has a 
s y m m e t r i c a l t u b e r w i t h a w i d e b u t s h o r t a n d 
deep posterior fossa. Its body is straight, the dis
tal lateral groove is s m o o t h a n d the distal facet 
for the asttagalus is obl ique . In the ca lcaneum of 
P. austroafricanus t h e t u b e r is a s y m m e t r i c a n d 
m o r e s t rongly developed, b o t h transversely a n d 
an t e ro -pos t e r i o r l y . T h e rugose p o s t e r o - m e d i a l 
area is also more developed. 

Metatarsal 
T h e only spec imen in the col lec t ion is a distal 
juvenile f ragment (EF 25 '94) tha t shows an open 
a n t e r i o r g r o o v e . I t s a t t r i b u t i o n t o Sperrge
bietomeryx wardi is based on its size. 

Subfamily C L I M A C O C E R A T I N A E H a m i l t o n , 1978 

D I A G N O S I S . — Climacoceratidae with frontal protu-
berances of apophyseal na tu re (Buben ik 1990) . 
Dentition hypsodont. Ptemolar row shortened. Lower 
molars without palaeomeryx fold. Upper molars with 
external fusion of the lingual and buccal lobes. 

Orangemeryx n. gen. 

T Y P E SPECIES . — Orangemeryx hendeyi n. sp. 

D I A G N O S I S . — As for the type species. 

Orangemeryx hendeyi n . sp. 

Climacoceras sp. — Hendey 1978. 

H O L O T Y P E . — AD 595'94, left frontal ftagment with 
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FIG. 7. — Orangemeryx hendeyi n. gen . , n. sp . , frontal a p o p h y s e s from Arrisdrift, sou thern Sper rgeb ie t , Namibia , b a s e of t he middle 
M i o c e n e ; A , a p o p h y s e a l poin t (AD 1 7 9 8 ) ; B , a p o p h y s e a l poin t (AD 1 1 7 7 ) ; C - F , a p o p h y s i s with t r i furca te tip (AD 5 9 4 ' 9 4 ) ; 
C - E , var ious views; F , dorsa l view; G , H , bifurcate a p o p h y s e a l tip, lateral v iews (AD 6 4 9 + 763) . S c a l e b a r s : 20 mm. 
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apophys i s , h o u s e d at the Geolog ica l Survey of 
Namibia, Windhoek (Fig. 6A-C). 

L O C A L I T Y A N D A G E . — Arr i sdr i f t ( s o u t h e r n 
Spe r rgeb ie t , N a m i b i a ) , ear ly m i d d l e M i o c e n e , 
approximately equivalent to mammal zone M N 4 of 
the European scale (De Bruijn et al. 1992). Pickford 
(1994) estimates the age of the site to be ca 17.5 Ma. 

E T Y M O L O G Y . — For the Orange River which is the 
border between Namibia and South Africa and meryx 
the Greek word for deer. The species is dedicated to 
palaeontologist Dr Q. B. Hendey. 

D I A G N O S I S . — Cl imacocera t inae wi th e longated 
slightly compressed truncate conical supraorbital apo
physes , o r n a m e n t e d at t he base w i t h r o u n d e d 
tubercles with bifurcated or trifurcated upper termina
tion (two or three points). 

D I F F E R E N T I A L D I A G N O S I S . — Orangemeryx differs 
markedly from the other two genera of climacocera-
tines by the morphology of its apophyses, which are 
short with a wide base which diminishes towards the 
apex, giving the apophysis an elongated, slightly com
pressed truncated conical aspect, different from the 
cylindrical form that occurs in Nyanzameryx Thomas, 
1984 and Climacoceras Maclnnes, 1936. 

D E S C R I P T I O N 

H o l o t y p e : T h e f ronta l b o n e is very t h i c k a n d 
strongly vascularised bu t no t e n o u g h to be called 
pneumat i sed . T h e supraorbi ta l fo ramen is well-
defined and externally cont inues to the apophy
sis fo l lowing a s m o o t h canal . T h e p o s t c o r n u a l 
fossa is deep and cont inues posteriorly as a wide 
b u t n o t very deep, wel l -demarcated groove. T h e 
apophys is is in t he form of an e longa ted c o m 
pres sed c o n e , w i t h t h e base w i d e a n d d i m i n 
ishing in section towards the apex, whi le the base 
is compressed transversally (antero-poster ior dia
m e t e r = 4 4 . 5 m m , t r a n s v e r s a l d i a m e t e r = 
2 9 . 0 m m ) , whereas towards the apex the section 
is a l m o s t c i rcular . T h e r e is a s m o o t h a n t e r i o r 
keel, accompan ied by a small p ro tube rance , the 
pos ter ior marg in is r o u n d e d w i t h a weaker b u t 
m o r e extensive p r o t u b e r a n c e . T h e apex is b r o 
ken , so tha t it is possible to observe that the wall 
of the apophysis is th ick a n d the central par t vas
cularised (Fig. 8 E ) . 

O t h e r spec imens such as A D 1 3 0 (Fig. 6 D - E ) , 
A D 2 5 0 , A D 4 8 3 , A D 5 9 6 ' 9 4 (Fig. 8 A - E ) a n d 

A D 1 3 2 (Fig. 8 F - G ) , are similar to the holo type , 

even t h o u g h there is a certain a m o u n t of variabi
lity in the shape and size of the pro tuberances of 
t he apophyses . A t the base of the apophys is in 
A D 5 9 6 ' 9 4 ( F i g . 6 A - E ) , t h e r e a r e s h a l l o w 
s inuous canals indica t ing the courses followed by 
b lood vessels, wh ich suggest tha t the apophyses 
were covered in sk in . A D 131 (Fig. 6F) is the 
apical a n d med ia l p a r t of an apophys i s w h i c h 
possesses a lateral p ro tube rance similar to those 
m e n t i o n e d above. T h i s spec imen indicates tha t 
the apophysis bifurcates towards the apex, also 
ev idenced by the surface o r n a m e n t a t i o n in the 
form of a Y. O t h e r spec imens ind ica te a m o r e 
c o m p l e x a p e x t h a n t h i s fossi l , o n e of w h i c h 
A D 6 4 8 + 7 6 3 (Fig. 7 G ) , i l lus t ra ted by H e n d e y 
( 1 9 7 8 ) s h o w s a t i p w i t h t w o d i f f e r e n t s ized 
poin ts , while ano the r A D 5 9 4 ' 9 4 (Fig. 7C-F ) is 
trifurcate wi th three approximate ly similar sized 
poin ts . Fragments of apophyses such as A D 129 
(figured by H e n d e y 1978) or A D 1798 (Fig. 7A), 
A D 1177 (Fig. 7B), A D 6 5 8 ' 9 4 and A D 659 '94 , 
are probably best interpreted as points at the apex 
of the apophysis. 

A s p e c i m e n of skul l ( A D 6 5 2 ' 9 4 , Fig. 9 B - D ) 
comprises the frontal w i th the base of the apo
physis a n d par t of the parietal back to the u n i o n 
of the t empora l lines, where they begin to form 
the sagittal crest. The re is a strong, abrupt change 
in s lope b e t w e e n t h e par ie ta l a n d the f ronta l , 
w h i l e b e t w e e n a n d a n t e r i o r t o t h e a p o p h y s e s 
there is a deep, r o u n d e d depression. In the base 
of t h e r i g h t a p o p h y s i s t h e r e is a d e e p , s t r o n g 
pos tcornual fossa similar to that observed in the 
holo type , wh ich con t inues distally as a canal to 
c o n n e c t w i t h t he t e m p o r a l l ine . T h e t e m p o r a l 
lines are wel l -marked, swelling towards the base 
of the apophyses , a n d poster ior ly they un i t e to 
form a visible th i cken ing , w h i c h in the b roken 
surface has a s u b t r i a n g u l a r sec t ion . T h e r e was 
p r o b a b l y a s t r o n g d e v e l o p m e n t of t h e n u c h a l 
crest. T h e frontals are very th ick and the b o n e is 
well vascularised, in part icular the large supraor
bital foramen wh ich expands in to the roof of the 
orbit . T h e bases of the apophyses are no t p n e u -
matized, a n d in the r ight one the long wide volu
m i n o u s base can be observed, whi le in t he left 
o n e , w h i c h is m o r e b r o k e n , t h e s u b t r i a n g u l a r 
t r a n s v e r s a l s e c t i o n can be seen to be s i m i l a r 
to tha t in A D 5 9 6 ' 9 4 . T h i s cranial f ragment is 
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FIG. 8. — Orangemeryx hendeyi n. gen . , n. sp . , frontal a p o p h y s e s from Arrisdrift, sou the rn Sper rgeb ie t , Namibia, b a s e of the middle 
Miocene; A-E, left a p o p h y s i s (AD 596 '94) ; A, medial view; B, poster ior view; C, lateral view; D, anterior view; E, t r ansver sa l c r o s s 
sect ion; F, G, b a s e of a p o p h y s i s , two v iews (AD 132). S c a l e b a r s : 20 m m . 
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FIG. 9. — Orangemeryx hendeyi n. gen . , n. sp . , Arrisdrift, sou the rn Sper rgeb ie t , Namibia, b a s e of the middle Miocene ; A, left D4-M1 
in occlusal view (AD 624) ; B-D, cranial f ragment (AD 652 '94) ; B, dorsa l view; C, ventral view; D, right lateral view; E, F, left P4-M3 
(AD-273); E, occlusal view; F, buccal view. S c a l e b a r s : 20 mm. 
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FIG. 10 . — A-D, Orangemeryx hendeyi n. g e n . , n. sp . , Arrisdrift, s o u t h e r n S p e r r g e b i e t , Namibia , b a s e of t he middle Miocene ; 
A, B, axis (AD 1549); cervical ve r t ebra V3 (AD 1447); A, lateral view; B, dorsal view; C, left radius , anterior view (AD 00 '95) ; D, left 
me ta t a r sa l , anterior view (AD 5'93); E, Propalaeoryx austroafricanus, S t romer , Elisabethfeld red silts, northern Sper rgeb ie t , Namibia, 
early Miocene , left distal h u m e r u s , anterior view ( E F 22 '93) ; F-H, Sperrgebietomeryx wardi n. gen . , n. sp . , Elisabethfeld g r een s a n d s , 
northern Sper rgeb ie t , Namibia , early Miocene; F, left juvenile distal radius , c a r p u s , and proximal me taca rpa l (in ana tomica l c o n n e c 
tion), anterior view ( E F 23 '94) ; G, right radius , anterior view ( E F 21 '94) ; H, left me taca rpa l , poster ior view ( E F 35 '93) . S c a l e b a r s : 
20 m m . 
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useful in p r o v i d i n g ev idence as to t h e co r rec t 
o r i e n t a t i o n o f t h e a p o p h y s e s in Orangemeryx, 
especially the ho lo type A D 5 9 5 ' 9 4 , in wh ich it 
was inclined slightly laterally a n d forwards. 

Dentition 
T h e cheek teeth are relatively hypsodon t , be ing 
similar in m a n y respects to the dent i t ion of other 
climacoceratids. Lower molars (Table 2, Fig. 3C) 
possess s trong metastylids which project laterally. 
T h e pro toconid and hypoconid are flattened. T h e 
h y p o c o n i d a n d p r o t o c o n i d are separa ted , o n l y 
uni t ing when wear is advanced. T h e hypoconul id 
of m 3 is simple and unicuspidate. T h e premolars 
are short. T h e p4 is variable, always with the ante
rior wing bifurcate and a strong labial groove, the 
metaconid varies from being isolated to forming a 
wall which unites wi th the metastylid. Incisiform 
teeth are well represented in the collection, n o n e 
o f w h i c h are b i l obed . U p p e r m o l a r s (Table 1, 
Fig. 9A, E, F) have internal lobes separated from 
each othet. T h e styles are strong, particularly the 
parastyle a n d metas tyle . T h e entos ty le is weak. 
Uppe r premolars are short and wide. 

Vertebral column 
N u m e r o u s vertebrae of Orangemeryx hendeyi are 
preserved, some of t hem in ar t iculat ion. All in all 
t h e y possess m o t p h o l o g i c a l features typica l of 
m o d e r n ruminan t s . A m o n g the cervical vertebrae 
there is an axis ( A D 1549, Fig. 10A-B) which is 
relatively comple t e . It is no tab ly e longa ted a n d 
the sp inous process is d is t inct ly h igh a n d well-
developed, wh ich suggests the existence of s t rong 
muscula ture related to movemen t s of the head. A 
f u r t h e r w e l l - p r e s e r v e d c e r v i c a l v e r t e b r a 
(AD 1447, Fig. 10A, B), like the previous speci
m e n , is e longated. 

Limb bones 
T h e sample of l imb bones assigned to Orange
meryx hendeyi is very c o m p r e h e n s i v e , bones of 
th is species be ing the m o s t c o m m o n m a m m a l 
remains at the site (over 2 2 0 specimens) . In the 
sample are comple te examples of mos t l imb ele
men t s , bu t some of t hem have been deformed by 
c o m p a c t i o n a n d several have been d a m a g e d by 
gypsum crystal g rowth (Table 4 , Fig. 10C , D ) . 
T h e morpho logy of the l imbs is qui te generalized, 

e x c e p t for t h e i r e l o n g a t i o n , i n d i c a t i n g t h a t 
O. hendeyi was no t greatly specialized, re ta ining 
m u c h of the aspect of wha t we consider to be the 
basal giraffoid condi t ion . M a n y of the postcranial 
e l e m e n t s of t h e s e r u m i n a n t s possess a r a t h e t 
cons tan t morpholog ica l pa t te rn , whereas o thers 
present major variability a n d appear to be more 
closely implicated in the processes of adapta t ion 
and evolution, even t hough it is difficult to deter
m i n e the i r evo lu t iona ry signif icance. T h e exis
tence of great variability in the b o n e size is also 
noticeable, which should probably be interpreted 
as a d imorph ic pat tern. T h e a im of this section is 
no t to provide a detailed s tudy of each postcranial 
e lement , b u t to p rov ide remarks o n the salient 
featutes of the l imb skeleton of O. hendeyi. 

Humerus 
In the proximal epiphysis (Fig. 11A), the greater 
a n d lesser tuberos i t ies are low a n d the re is n o 
in te rmedia te tubercle equivalent to the cond i t ion 
in more m o d e r n giraffes. T h e distal epiphysis is 
c o m p a r a b l e to t h a t of Sperrgebietomeryx wardi 
d e s c r i b e d a b o v e , b u t t h e rad ia l fossa is m o r e 
reduced due to the great proximo-dis ta l develop
m e n t of the cap i tu lum and the medial condyle of 
the trochlea, a cond i t ion which also differentiates 
it from Climacoceras gentryi a n d Palaeotragus pri-
maevus, t h e h u m e r i o f w h i c h possess a m o r e 
" g i r a f f i d " - l i k e m o r p h o l o g y w i t h t h e m e d i a l 
condyle low proximally. 

Radioulna 
T h e p r o x i m a l ep iphys i s o f t h e r ad iu s acco rds 
wi th the m o r p h o l o g y of the distal h u m e t u s , a n d 
this b o n e thus differs in the same way from its 
c o u n t e r p a r t in P. primaevus; the lateral facet is 
h i g h e r a n d t h e m e d i a l o n e m o r e i n c l i n e d in 
O. hendeyi. T h e distal radial epiphysis is similar 
to t h a t desc r ibed in S. wardi, t he d iaphys i s is 
qu i te straight a n d is antero-poster ior ly compres
sed. T h e u lna (Fig. 11B-C) is n o t fused to the 
rad ius . Its t u b e r o lecrani possesses h igh lateral 
and medial crests, between which is a deep valley, 
s im i l a t t o a s p e c i m e n of Climacoceras gentryi 
H a m i l t o n , 1978 , from Ngoro ra , Kenya. 

Carpus 
T h e s c a p h o i d re ta ins t he dis tal p o s t e t i o t facet 
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FIG. 1 1 . — Orangemeryx hendeyi n. gen . , n. sp . , Arrisdrift, sou the rn Sper rgeb ie t , Namibia, b a s e of the middle Miocene; A, left proxi
mal h u m e r u s , proximal view (AD 3380) ; B-C, right proximal ulna (AD 00 '95) ; B, anterior view; C, lateral view; D,right distal h u m e r u s , 
anterior view (AD 1915) ; E, right c a l c a n e u m , anterior view (AD 747) ; F, right ta lus , anterior view (AD 613 '94) ; G, right navicular 
cuboid, poster ior view (AD 3 1 7 9 5 ) ; H, I Pha lanx , anterior view (AD 501) ; I, II Pha lanx , anter ior view (AD 469) ; J , III Pha lanx , lateral 
view (AD 896) . S c a l e b a r s : 20 mm. 
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TABLE 4. — Measurements (in mm) of the postcranial skeleton of 
APD, antero-posterior diameter; TD, transversal diameter; c.c, 
culum. 

N OR M 

Humerus 
Length 1 209.5 
Proximal APD 3 64.0-71.2 68.0 
Proximal TD 1 54.8 
Distal APD 6 41.8-48.6 45.2 
Distal TD 6 44.6-51.8 47.5 

Radius 
Length 9 254.0-287.0 268.0 
Proximal APD 10 20.4-26.8 23.8 
Proximal TD 10 37.0-46.8 42.1 
Midshaft APD 9 14.1-22.3 18.1 
Midshaft TD 9 23.0-33.4 28.2 
Distal APD 12 23.7-32.9 28.6 
Distal TD 13 34.0-46.5 39.5 

Ulna 
Olecranon Length 4 49.7-61.0 54.6 
Tuber o. APD 4 30.1-37.4 33.6 
Tuber o. TD 1 15.2 
Pro. anc. APD 6 32.6-45.6 39.0 
Proc. anc. TD 9 11.3-14.4 12.7 

Scaphoid 
Anterior Height 6 17.4-21.6 19.5 
APD 6 24.3-28.5 26.3 
Anterior TD 5 12.3-14.6 13.8 

Semilunar 
Maximal Height 6 16.1-20.3 18.6 
APD 5 24.0-27.9 25.7 
Proximal TD 5 14.4-18.6 16.1 

Unciform 
Maximal Height 4 12.2-15.2 14.2 
APD 4 20.0-24.0 22.3 
Proximal TD 4 13.0-17.2 14.9 

Metacarpal 
Length 7 242.0-275.0 263.0 
Proximal APD 9 21.0-27.4 23.2 
Proximal TD 10 29.4-38.0 32.5 
Distal APD 8 21.6-26.4 24.1 
Distal TD 10 32.0-39.3 35.8 

Talus 
Lateral Length 9 38.5-46.3 42.3 
Medial Length 9 36.2-44.0 40.7 
Lateral APD 10 19.7-27.5 23.0 
Medial APD 8 21.5-25.0 24.1 
Distal TD 9 22.5-28.8 25.8 

Calcaneum 
Length 7 94.0-106.0 100.2 
c.c. Length 9 61.0-75.4 67.9 
t.c. APD 8 23.1-27.7 25.9 

Miocene giraffoids from Namibia 

Orangemeryx hendeyi n. gen., n. sp. from Arrisdrift. Abbreviations: 
corpus calcanei; t . c , tuber calcanei; m., maleolus; s . , sustenta-

N OR M 

t.c. TD 8 20.1-23.2 21.6 
m. APD 6 32.0-39.5 36.2 
s. TD 6 26.6-30.2 28.2 

Navicular-cuboid 
Anterior Height 8 19.4-25.5 21.7 
Posterior Height 5 25.1-29.0 27.2 
Maximal APD 7 34.2-40.0 36.2 
Maximal TD 8 31.4-36.6 33.6 

Metatarsal 
Length 6 252.0-280.0 266.0 
Proximal APD 18 29.0-40.0 32.1 
Proximal TD 18 26.2-33.0 28.7 
Distal APD 10 19.2-25.3 22.0 
Distal TD 10 29.1-37.5 33.2 

I Phalanx 
Length 13 46.5-57.4 51.6 
Proximal APD 12 18.9-22.6 21.0 
Proximal TD 13 15.1-19.3 17.3 
Distal APD 14 10.5-15.0 13.3 
Distal TD 
1 

15 12.5-15.8 14.5 

i 
1 Phalanx Length 8 26.5-30.5 28.4 
Proximal APD 8 17.1-21.0 19.5 
Proximal TD 9 13.0-16.0 14.5 
Distal APD 9 14.3-17.6 16.4 
Distal TD 9 10.2-14.4 12.0 

III Phalanx 
Plantar Length 8 30.1-36.6 33.6 
Dorsocaudal D 5 22.7-28.0 24.8 
Maximal TD 9 11.7-14.8 12.9 

Magnotrapezoid AD50T95 PQAD2574 AD609 94 

Anterior Height 14.8 14.6 
APD 23.8 21.8 19.3 
Anterior TD 19.2 16.8 15.0 
Posterior TD 18.5 15.3 16.3 

Tibia PQAD2292 PQAD1100 PQAD42 

Length 360.0 350.0 317.0 
Proximal APD 71.1 
Proximal TD 64.5 59.2 
Distal APD 32.1 29.4 27.2 
Distal TD 39.1 35.6 34.8 
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w h i c h is los t in s o m e fossil g i raff ids s u c h as 
Palaeotragus microdon ( K o k e n , 1 8 8 5 ) , Samo-
therium sinensis (Sch los se r , 1 9 0 3 ) , Deccena-
therium pachecoi C r u s a f o n t - P a i r o , 1 9 5 2 , a n d 
Sivatberium hendeyi Har r i s , 1976 , bu t wh ich is 
still present in the two extant giraffids (Giraffa 
camelopardalis Linneaus , 1758 and Okapia john
stoni). In the semilunar, the distal latetal facet is 
s o m e w h a t w i d e r t h a n t h e m e d i a l o n e . T h e 
m a g n o t r a p e z o i d , w h i c h is s i m i l a r t o t h a t o f 
Palaeotragus primaevus C h u t c h e r , 1 9 7 0 , has a 
concave posterior margin and begins to develop a 
posterior keel between the facets for the semilunar 
and the scaphoid. In the unciform, the semilunat 
facet is particularly elongated in a posterior sense, 
characters which it shares wi th other giraffids. 

Tarsus (Fig. 11E-G) 
T h e astragalus is p les iomorphic . It is similar to 
tha t of P. primaevus bu t has a weakly expressed 
poster ior process in the medial proximal condyle . 
The re is n o s t rong deve lopment of the proximal 
lateral condyle as occurs in Climacoceras gentryi, 
and the distal trochlea has more or less symmetr i 
cal c o n d y l e s . In p o s t e r i o r view, t h e n a v i c u l a r 
cubo id shows a very s t rong medial ctest distaliy 
which diminishes to no th ing at the proximal zone. 
It has a fossa in a very lateral posit ion, unlike in 
P. primaevus, Girajfa and Okapia. 

Metatarsal 
T h e p r o x i m a l ep iphys i s of t h e m e t a t a r s a l has 
similar morpho logy to that of Andegameryx ande-
gaviensis G i n s b u r g et al, 1994 , and the anter ior 
groove is open distaliy. 
T h e metacarpal , pelvis, t ibia a n d ca lcaneum all 
have a generalized m o r p h o l o g y similar to tha t of 
P. primaevus. However, the scapula of O. hendeyi 
has a less-developed suprag lenoid tubercle than 
tha t of Palaeotragus primaevus whereas its cora-
coid apophysis is more reduced than it is in the 
latter species. 

D I S C U S S I O N 

Orangemeryx shares wi th o the r c l imacocerat ines 
the same morphologica l pa t te rn of the den t i t ion 
and the possession of complex supraorbi ta l apo
physes. In Nyanzameryx pickfordi T h o m a s , 1984, 
a n d Orangemeryx the frontal apophyses are orna

m e n t e d at t he i r bases w i t h r o u n d e d p r o t u b e -
rances which do no t project far enough to form 
lateral poin ts . In contrast , in Climacoceras africa-
nus M a c l n n e s , 1936 , and especially in C. gentryi 
H a m i l t o n , 1 9 7 8 , t h e p o i n t s a re c o n s i d e r a b l y 
e longated, impar t ing a deer-like m o r p h o l o g y to 
t h e a p o p h y s e s . T h e m o r p h o l o g y o f t h e a p o 
physes permits us to separate the various species 
in to two groups : one compr i s ing the two species 
o f Climacoceras p l u s Nyanzameryx T h o m a s , 
1984, the o the t consist ing of Orangemeryx. 

P H Y L O G E N E T I C R E L A T I O N S 

T h e relat ionships between these two groups , n o w 
c o n s i d e r e d t o b e s u b f a m i l i e s o f t h e f a m i l y 
C l i m a c o c e r a t i d a e (= C l i m a c o c e t i d a e o f 
H a m i l t o n , 1978) , is based o n the fact that they 
share the same morphologica l pa t te rn of the den
t i t ion and the inc ip ien t e longat ion of the neck 
and the l imbs. T h e presence of e longated cervical 
vertebrae, inc luding the atlas, was already no ted 
in Climacoceras gentryi by H a m i l t o n (1978) , the 
atlas of which is p ropor t iona l ly longet than it is 
in Palaeotragus primaevus a n d Samotherium afri-
canus Churcher , 1970 . Even t h o u g h n o atlas of 
Orangemeryx hendeyi has been found , c o m p a r i 
son be tween the axes of this species and that des
c r i b e d by C h u r c h e r ( 1 9 7 0 ) for Palaeotragus 
primaevus is suggestive in this respect, and indi 
cates to us tha t this n e w genus also possessed a 
long neck. 

T h e n e w fossil mater ial described here tends to 
con f i rm this r e l a t ionsh ip because Sperrgebieto
meryx, Orangemeryx and Climacoceras (C. gentryi) 
share e longated cervical vertebrae, inc lud ing the 
atlas, a character wh ich indicates a notable spe
c i a l i z a t i o n t o w a r d s f e e d i n g f r o m h i g h f o o d 
sources . In t he forms of w h i c h the pos tc ran ia l 
skeleton is k n o w n , it is possible to conf i rm that 
the extremities are clearly e longated. T h e clado-
gram (Fig. 12) summarizes the phylogenet ic rela
t i o n s h i p s b e t w e e n t h e d e s c r i b e d f o r m s , 
cons ider ing Andegameryx G i n s b u r g et al, 1994, 
to be the ou tg roup . 

T h e family Cl imacocera t idae has previously been 
placed close to t he gitaffes o n t he basis of t he 
presence of a b i lobed lowet canine in Climaco-
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F I G . 12 . — P h y l o g e n e t i c r e l a t i o n s h i p s of Sperrgebietomeryx 
n. g e n . Propalaeoryx S t romer and Orangemeryx n. g e n . to other 
giraffoids. N o d e s : 1, (primitive cha r ac t e r s ) dentition modera te ly 
h y p s o d o n t ; u p p e r a n d lower p r e m o l a r s e r i e s long; p r e m o l a r s 
e l o n g a t e d a n d t h u s g rac i le ; lower m o l a r s with s t r o n g s tyl ids ; 
third lobe of m 3 s imple; hypoconid isolated, a c o n s e q u e n c e of 
its c lear s epa ra t ion from the entoconid a n d the anterior lobe; the 
p4 h a s a s imple me tacon id , d i rec ted posteriorly, anter ior wing 
s imple, its morphology differing little from that of t he p 3 ; the p1 
is p r e s e n t with two s t rong roots ; uppe r p r emo la r s long, P 2 and 
P 3 with wel l-def ined an te r io r l o b e s ; u p p e r m o l a r s with s t rong 
s t y l e s a n d l a t e un ion of t h e in t e rna l l o b e s to t h e e c t o l o p h ; 
append icu la r ske le ton graci le , with a t e n d e n c y to e longat ion of 
t he e l e m e n t s ; 2 , cervical ve r t eb rae , including the a t las , e longa
ted; 3 , loss of p1 ; 4 , hypsodon t dentit ion; T h e p4 with me tacon id 
d i s p o s e d more t ransversal ly , with a t e n d e n c y to turn anteriorly, 
anterior wing bifurcate (and thus very different from p3); t e n d e n 
cy t o w a r d s flattening of t h e internal wall of t h e lower mo la r s ; 
5 , p r e s e n c e of supraorb i ta l a p o p h y s e s with p r o t u b e r a n t orna
men ta t ions at t he b a s e , with a bifurcate terminat ion; loss of p 1 ; 
6 , a p o p h y s e s with e l o n g a t e d slightly c o m p r e s s e d conical mor
p h o l o g y b e l o w t h e b i furcat ion; 7 , a p o p h y s e s e l o n g a t e d a n d 
cylindrical; 8 , a p o p h y s e s with well-defined points perpendicu la r 
to t he long axis of t he a p o p h y s i s (C. africanus); a p o p h y s e s c o m 
plex, ramified a s in s o m e cervids (C. gentryi). 

ceras gentryi from Fort Ternan ( H a m i l t o n 1978) , 
bu t the ptesence of this character is no t certain, 
as was no ted by C h u r c h e r (1990) . At Arrisdrift, 
there are at least sixteen lower incis i form tee th 
a t t r ibuted to Orangemeryx, n o n e of wh ich is bilo-

bed. If fossil canines a n d incisors are preserved in 
the same ratio tha t occurred in life, t hen at least 
four canines shou ld be present in the Arrisdrift 
s a m p l e , i n w h i c h ca se t h e l o w e r c a n i n e in 
Orangemeryx cons i s t ed of a s ingle lobe . O t h e t 
a u t h o r s h a v e a d v o c a t e d t h i s r e l a t i o n s h i p 
e m p l o y i n g for t he m o s t p a r t den ta l charac ters 
(Gen t ry 1994; G e n t t y & H o o k e r 1988 ; Janis & 
S c o t t 1 9 8 7 ) o r h a v e m e r e l y c o n s i d e r e d it as 
incertae sedis w i t h i n t h e Gi ra f fo idea (Ge raads 
1986) . 

Apparent ly , the precoc ious specialisation of the 
postcranial skeleton separates the Cl imacocerat i 
dae from the Giraffidae. Nevertheless, pr imit ive 
giraffes, such as Zarafa zelteni H a m i l t o n , 1973 , 
of t h e early m i d d l e M i o c e n e of G e b e l Z e l t e n , 
L i b y a , a l s o p o s s e s s e d a n e l o n g a t e d a t l a s . 
However, a deeper s tudy of the postcranial skele
ton of the forms involved in this radiat ion of the 
Gi ta f fo idea is t e q u i r e d before we can c o n f i r m 
that this specialization is a character tha t permi ts 
t h e i n c l u s i o n o f t h e G i r a f f i d a e a n d t h e 
Cl imacocerat idae in a monophy le t i c group. 
T h e s e n e w r u m i n a n t fossils s u p p o t t t h e idea 
expressed by G i n s b u r g et al. (1994) tha t pr ior to 
the appearance of pecorans wi th frontal p ro tube 
rances the g roup w o u l d have been strongly diver
sified, a diversification wh ich affected no t on ly 
the den t i t ion , b u t also the pos tc tania l skeleton. 
W e can n o w d e t e t mi n e wi th some precision the 
relat ionships of mos t of the pecoran forms lack
ing cranial p ro tuberances wh ich are related at the 
level of sister g roups to pecoran families wh ich 
d o possess s u c h p r o t u b e r a n c e s . M o r a l e s et al. 
( 1 9 9 5 ) d e s c r i b e d a h o r n l e s s b o v i d f r o m 
Elisabethfeld, a discovery which corroborates this 
v i e w of r u m i n a n t e v o l u t i o n . T h e s e findings 
s trongly suppor t the hypothesis tha t the appea-
rance of cranial p ro tube rances was a biological 
p h e n o m e n o n wh ich occurred vir tual ly synchro
nous ly (ca. 18 -17 .5 M a ) b u t i n d e p e n d e n t l y in 
various lineages of pecorans (compris ing at least 
the Cervidae , Palaeomerycidae, Giraffoidea a n d 
B o v i d a e ) . I t c o r r o b o r a t e s t h e h y p o t h e s i s o f 
Morales et al. (1993) in which the appearance of 
cranial appendages is considered to have been an 
o tgan i c response to global scale e n v i r o n m e n t a l 
changes which occurred towards the e n d of the 
early Miocene . 
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