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PRE F A CE 

Th i s  t h e si s  i s  com p o se d  o f  two se p a r a t e  p a p e r s, a nd 

i s  p r e se nt e d  h e r e i n  i n  two  p a r t s. T h e i nd i v i d ua l  

ma nuscr i p t s  w e r e  p r e p a r e d  i n  t h e  f o r ma t  r e q ui r e d  b y  t h e  

j o ur na l ( s) t o  w hi ch t h e y  w i l l  e v e nt ua l l y  b e  sub mi t t e d . 

Th e f i g ur e s  a nd t a b l e s  f o r  e a ch p a p e r  a r e  i ncl ud e d  

f o l l o wi ng t h e  t e x t , a nd a r e  num b e r e d  se q ue nt i a l l y . 
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L I ST O F  FI G U R E S  ( PART I )  

F i g u r e  1 - L o c a t i o n s  o f  s i t e s  y i e l d i n g  s p e c i me n s  o f  

P r o c a me l u s  s p .  n o v . A f t e r  M e r r i a m  ( 1 9 63 ) . 

F i g u r e  2 - T e e th o f  M i n i u m  Qu a r r y  Ca me l i d a e :  He mi a u c h e n i a 

v e ra , 7 8 1 2 ,  r i g h t  P 4 , a )  b u c c a l  v i ew ; b )  

o c c l u s a l  v i e w ; 7 8 1 3 ,  r i g h t  M l , c )  b u c c a l  v i e w; 

d )  o c c l u s a l  v i e w ; Mega t yl o p u s  c f .  M .  g i g a s , 

7 8 1 5 ,  r i gh t  d p 3 ,  e )  b u c c a l  v i e w ; f )  o c c l u s a l  

v i e w . P r o c a me l u s  s p .  n o v . ,  7 8 1 4 ,  r i g h t I 3 ,  

g )  b u c c a l  v i e w ; h )  o c c l u s a l  v i e w .  

F i g u r e  3 - D i s t a l  r i g h t  f o r e l i mb o f  P r o c a me l u s  s p . no v . ; 

d i s t a l  4 /5 h u me r u s , a )  ant e r i o r  v i e w ; b )  

p o s t e r i o r  v i e w ; r a d i u s -u l n a ,  c )  a n t e r i o r  v i e w ; 

d )  p o s t e r i o r  v i e w ; me t a c a r p u s , e )  a n t e r i o r  

v i ew ; b )  p o s t e r i o r  v i e w . 

Figure 4 - Proximal metapodial osteology of medium-sized 

H e mp h i l l i a n  c a me l s . B a r s  e q u a l  2.0 c m .  

F i g u r e  5 - P r o x i ma l  a r t i c u l a r  f a c e t s  o f  me d i um- s i z e d  

H e mp h i l l i a n  c a me l  me t a c a r p a l s . 

F i g u r e  6- M e t a c a r p a l  l e n g t h  v s . d i s t a l  w i d t h . A l l  d a t a  

e x c e p t  M i n i u m  Q u a r r y  P r o c a me l u s  ( *) f r o m  

B r e y e r  ( 1 9 8 3 ,  p .  3 0 3 ) . 

Fi g u r e  7 - M e t a c a r p a l  l e n g t h v s . r a t i o  o f  l e n g t h t o  

d i s t a l  w i d t h .  A l l  d a t a  e x c e p t  M i n i u m  Q u a r r y  

P r o c a me l u s  f r o m  B r e y e r ( 1 9 8 3 ) . 

Fi g u r e  8 - Me t a t a r s a l  l e n g t h  v s. d i s t a l  w i d t h . A l l  d a t a  

i i  



e x c e p t  M i n i u m  Q u a r r y  P r o c a me l u s  ( *) a n d  

?Meg a t y l o pu s  c o c h r a n i  f r o m  B r e y e r  ( 1 9 8 3 ) . 

F i g u r e  9 - M e t a t a r s a l  l e n g t h  v s . r a t i o  o f  l e n g t h  t o  

d i s ta l  w i d t h . A l l  d a t a  e x c e p t  Min i u m  Q u a r r y  

P r o c a me l u s  ( * ) a n d  ?M . c o c h r a n i  f r o m  B r e y e r  

( 1 9 8 3 ) . 

Fi g u r e  1 0- A )  M e t a ta r s a l  l e n g th v s . d i s t a l  w i d t h  f o r  

Ea r l y  H e mp h i l l i a n  c a me l s . S ymb o l s  f o r  g e n e r a  

a s  i n  p r e v i o u s  f i g u r e s . P o s i t i o n  o f  s y mb o l  

r e p r e s e n t s  s a mp l e  me an ; N = n u mb e r  o f  

s p e c i me n s  i n  s a mp l e . B a r s  r e p r e s e nt two 

s ta n d a r d d e v i a t i o n s  f r o m  s a mp l e  me an . Ge o r g e  

N e u , C a p p s , Pra t t , a n d  D a ws o n  P i t s  a r e  i n  

E l l i s  C o . ,  O kl a h o ma . Mi x s o n 's B o ne B e d  i s  i n  

L e v y  C o . ,  F l o r i da ; B )  me t a t a r s a l  len g t h v s . 

w i d t h  f o r  L a t e  He mp h i l l i a n  c a me l s ,  w i t h  

Min i u m  Qu a r r y  P r o c a me l u s  ( *) i n c l ud e d f o r  

c o mp a r i s o n . G o l g a tha Wat e r mi l l  P o t h o l e  

Qua r r y  i s  i n  L i n c o l n  C o . ,  N e v a d a . C l a y b a n k , 

B i r d  B o n e , a n d  R e d i n g t o n  Q u a r r i e s  a r e  i n  

Mo j a v e C o . ,  A r i z o n a . E d s o n  Qua r r y  i s  i n  

S h e r ma n  Co . ,  K a n s a s . A l l  d a t a  e x c e p t  Mi n i u m  

Q u a r r y  P r o c a me l u s  (*) f r o m  B r e y e r ( 1 9 8 3 ) . 

F i g u re 1 1 - F i r s t  p h a l a n g e  o f  M e g a t y l o pu s  c f . M .  g i g a s , 

w i t h  s u s p e n s o r y  l i g a me n t  s c a r . Ba r e q u a l s 

2 . 0  c m. 
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L I S T OF F I GURE S  ( PART I I )  

F ig u r e  1 - A r e a l  d is t r ib u t io n  o f  the O g a l l a l a  F o rma t io n  

a n d  t h e  l o c a t io n  o f  t h e  Min iu m Q u a r r y  ( ad a p t e d  

f r o m  Me r r iam , 1 9 6 3 ) . 

Fig u r e  2 - R e p r e s e n t a t iv e  s t r a t ig r a p h ic c r o s s - s e c t io n  o f  

t h e  Min iu m Q u a r r y . 

Fig u r e  3 - S k e l e t a l  p a r t  r e p r e s e n t a t io n  o f  u n t r a n s p o r t e d  

l a r g e  u n g u l a t e m a t e r ia l . N u m b e r  t o  r ig h t  o f  

b a r  is numb e r  o f  id e n t if i e d  s p e c im e n s  o f  e a c h  

e l e m e n t  ( N I S P ) . MN I= min im u m  num b e r  o f  

in d iv id u a l s . Ho r s e  a n d  c am e l  s ku l l s  r e d rawn 

from Romer ( 1 9 6 6 ) , r h in o c e r o s  s ku l l  a f t e r  

O s b o r n e  ( 1 8 9 8 ) . 

F ig u r e  4- We a t h e r in g  dama g e  o n  f o s s il r h in o c e r o s  b o n e  

f r o m  t h e  Min i u m Q u a r r y . S t a g e  0 :  c a l c a n e u m  

(FHS M VP -8 0 43 ) s h o w in g  u nw e a t h e r e d  s u r f a c e ; 

S t a g e  1 :  unc i f or m  ( F HS M VP - 8 2 46 ) s h o win g  

in it ia l mo s a ic c r a c k i n g  o f  c o n c e n t ic ;  S t a g e  2 :  

d e n t a r y  ( FHS M VP - 8 2 4 2 ) s h ow in g  f l a k in g  o f  

c o n c e n t r ic b o n e ; S t a g e  3 :  t ib ia ( F HS M VP -9 0 0 1 ) 

s h o w in g  r o u g h e n e d , c r a c k e d  s u r f a c e s ;  S t a g e  4 :  

s c a p u l a  ( FHS M VP - 9 0 4 9 )  s h o w in g  d e e p  c r a c k in g  

a n d  c o a r s e , f ib r o u s  t e x t u r e . T e rmin o l o g y  

a f t e r  B e h r e n s m e y e r  ( 1 9 7 8 ) . 

F ig u r e  5 - W e a t h e r in g  p r o f il e  o f  u n t r a n s p o r t e d  l a r g e  

u n g u l a t e  s amp l e . Min imum n u m b e r  o f  in d iv id u a l s  

iv 



represented in brackets. 

Figure 6- Weathering profiles of mammalian carcasses > S 

kg. in six_major habitats of East African 

savannah (Amb�seli Na�ional Park, Kenya). 

Number in parentheses is total number of 

observed carcasses. After Behrensmeyer 

(1978). 

Figure 7- (A) Composite weathering profile of all 

carcasses surveyed by Behrensmeyer (1978), and 

weathering profiles of Minium Quarry (B) 

rhinoceroses, (C) camels, and (C) horses. 

Figure 8- Pre-burial damage observed in Minium Quarry 

ungulate sample: a) acid etching by plant 

roots, b) larval insect tunnelling 

Figure 9- Types of gnawing damage: a) spiral 

(FHSM VP-9367), b) scratching (FHSM VP-9033), 

c) gouging (FHSM VP-8318), d) missing spall 

(FHSM VP-8318), e) _juvenile limb bone with 

gnawed ends (FHSM VP-8433) 

Figure 10-Carnivore damage in Teleoceras population 

sample by weathering stage: a) all types of 

carnivore damage, b) gnawing only. 

Figure 11-Skeletal p2Tt reprcs2ntation of juvenile and 

.adult Teleoceras. Number to right of bar 

equals NISP. MNI = miniumum number of 

individuals. 
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AB S T R A CT 

T h r e e s p e c ie s  o f  cam e l s  w e r e  r e c o v e r e d  f r o m  t h e  e a r l y  

Hemp h il l ia n  ( Mio c e n e ) Min iu m Qua r r y  l o c a l  b io t a 

( O g a l l a l a  G r o u p ) o f  n o r th-c e n t r a l  Ka n s a s . A s m a l l  a n d  

l a r g e  c a m e l ,  H e m i a u c h e n ia v e r a  Ma t t h e w  a n d  Me g a t yl o pu s  

c f . M .  g ig a s  Ma t t h ew a n d  C o o k  r e s p e c t iv e l y ,  w e r e  

id en t if ie d  b y  c o m p a r is o n  t o  k n o wn t ax a . A m e d ium - s iz e d  

c a me l is a s s ig n e d  t o  P r o c am e l u s  b a s e d  o n  m e a s u r eme n t s  

a n d  b io m e t r ic a n a l y s is o f  r e f e r r e d  m e t a p o d ial s ,  a n d  ma y 

r e p r e s e n t  a n e w  s p e c ie s .  I t  is t h e  l a r g e s t  P r o c a me l u s  

y e t  d e s c r ib e d , a n d  s u g g e s t s t h a t  a p h y l o g e n e tic 

r e l a t io n s h ip e x is t s  b e t w e e n  Pr o c a me l us a n d  Me gat yl o pu s . 

P r o c am e l u s  c a n  b e  d is t in g u is h e d  f r o m  A l f o r jas , a m e d ium

s iz e d  N e o g e n e  c a m e l id t h a t  c o n s is t e n t l y  e x h ib it s  o v e r l a p  

o f  b io m e t r ic p a r ame t e r s  with P r o came l u s ,  b y  d if f e r e n c e s  

in t h e  a n g u l a r it y  a n d  s h a p e  o f  me ta p o d ia l  p r o x im a l  

a r t ic u l a r  f a c e t s , and  in t h e  o s t e o l o g y  o f  t h e  p l a n t a r  

p r o c e s s . 
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INTR ODUCT I ON 

Ma n y  N o r th Am e r ic a n  He mp h il l ia n  f a u n a s  c o n t a in 

c ame l s  o f  d if f e r e n t  s iz e s : s m a l l  ( He m ia u c h e n ia ) ; l a r g e  

( Me g a t yl o p u s ) ;  a n d  m e d iu m- s iz e d  ( r e f e r a b l e  t o  e it h e r  

Pr o c ame l u s  o r  A l f o r ja s )  ( B e n n e t t ,  1 9 7 7 ,  1 9 7 9 ; Ha r r is o n ,  

1 9 7 9 ; Da l q u e s t ,  1 9 8 0 , 1 9 8 5 ; B r e y e r ,  1 9 8 3 ; L e it e ,  1 98 6 , 

T h o ma s s o n  e t  a l . ,  1 9 8 6 ; L a Ga r r y ,  1 9 8 7 ) . B e c a u s e  m an y  o f  

t h e s e  f a u n a s  l a c k  d ia g n o s t ic c r a n ia l  m a t e r ia l  it o f t e n  

is d if f ic u l t  to a s s ig n  t h e  m e d iu m- s iz e d  c a m e l  t o  a n  

a p p r o p r ia t e  g e n u s . R e c e n t l y ,  t h e  c o m p a r a t iv e  u s e  o f  

p o s t - c r a n ia l  ma t e r ial h a s  b e e n  d e mo n s t r a t e d  t o  b e  a 

r e l ia b l e  m e th o d  o f  d is t in g u is h in g  mo s t  g e n e r a  o f  N o r t h  

Ame r ican N e o g e n e  c a m e l id s  ( B r e y e r ,  1 9 7 4 ,  1 9 8 3 ; We bb , 

1 9 7 4 ) . N e o g e n e  a n d  e xt a n t  c am e l id s  in w h ich t h e  p o s t 

c ra n ia l  e l e m e n t s ha v e  b e e n  s tu d ie d  in d e t a il in c l u d e  

A l f o r jas ( Ha r r is o n ,  1 9 7 9 ) ,  Ca m e l o p s  ( We b b ,  1 9 6 5 ; B r e y e r ,  

1 9 7 4 ) , ''T a n u p o l a ma " [= He mia u c h e n ia ], T it a n o t yl o pu s ,  

Cam e l u s ,  a n d  Lam a  ( B r e y e r ,  1 9 7 4 ; We b b ,  1 9 7 4 ) . 

Two p o s t - c r a n ia l  e l e me n t s  t h a t  h a v e  b e e n  u s e d  w ith 

s o me su c c e s s  t o  make s y s t e m a t ic a s s ig nme n t s  a r e  t h e  

m e t a c a r p a l  a n d  m e t a t a r s a l  ( me t a p o d i a l s ) . B r e y e r  ( 1 9 8 3 ) 

d e m o n s t r a t e d  th a t  m o s t  N e o g e n e  came l id s  c a n  b e  a s s ig n e d  

t o  g e n e r a  b a s e d  o n  b iv a r ia t e  p l o t s  o f  m e t a p o d ia l  

d ime n s io n s . Lik e w is e ,  b iv a r iat e p l o t s  o f  m e t a p o d ia l  

d ime n s io n s  h a v e  b e e n  u s e d  t o  d is tin g u is h  b etwe e n  t h e  

l amin e  g e n e r a  Hem ia u c h e n ia, P a l e o l ama , a n d  L a ma ( We b b , 



1 9 7 4 ) . D a l q u e s t  (1 9 8 0 , 1 9 8 5 )  r e c o g n iz e d  that , in t h e  

C o f f e e  R a n ch l o c a l  f a u n a , t h e  c a m e l id g e n e r a  

" P l iau c h e n ia "  [= A l f o r ja s ]  a n d  Hemia u c h e n ia co u l d  b e  

d is t in g u is h e d  r e a d il y  b y  p r o p o r t io n s  o f  m e t a p o d ia l  

e l em e n t s .  

Th r e e  d if f e r e n t - s iz e d  c ame l s  w e r e  r e c o v e r e d  f r o m  

t h e  Min iu m Q u a r r y  l o c a l  b io t a  ( l . b . ) o f  n o r t h-c e n t r a l  

K a n s a s . Th e l a r g e  a n d  s m a l l  s p e c im e n s  c a n  b e  a s s ig n e d  

r e a d il y  t o  p a r t ic u l a r  g e n e r a . T h e  a f f in it ie s  o f  t h e  

m e d ium - s iz e d  t a x o n  a r e  p r o b l e ma t ic a l ,  a n d  I u s e  a 

c o m b in a t io n  o f  l im b  o s t e o l o g y  a n d  B r e y e r ' s  (19 8 3 ) 

t e c h n i qu e  o f  b io m e t r i c  a n a l y s i s  t o  a s s ig n  th is ca m e l  t o  

t h e  g e n u s  P r o c a m e l u s . I t s  l a r g e  s iz e  s u g g e s t s  t h a t  it 

ma y r e p r e s e n t  a p r e v io u s l y  u n r e c o g n iz e d s p e c ie s . 

2 

T h e  Min iu m Q u a r r y  is l o c a t e d  a p p r o x ima t e l y  3 . 75 km 

n o r t hw e s t  o f  Mo r l a n d ,  Graham C o u n t y , K a n s a s  ( Fig .  1 ) .  

Exca v a t e d  d u r in g  t h e  s umm e r s  o f  1 9 8 5  a n d  1 9 8 6  b y  f ie l d  

p a r t ie s  u n d e r  t h e  d ir e c t io n  o f  J .  R .  Thom a s s o n  f r o m  F o r t  

H a y s  S t a t e  U n iv e r s it y ,  t h e  Min iu m Q u a r r y  h a s  y ie l d e d  a n  

a bu n d a n t  f l o ra a n d  v e r t e b r a t e  f a una ( T hom a s s o n  a n d  

Zakr z e w s k i, 1 9 8 7 ) . T h e  mamma l ian t a x a  in the Min ium 

Quar r y  l . b .  in d ica t e  a n  Ea r l y  Hemphil l ian a g e  f o r  t h e  

d e p o s it ( La G a r r y , 1 9 8 7 ; T h o m a s s o n  a n d  Z a k r z e w s k i ,  1 9 8 7 ) . 

F o r  a p r e l im in a r y  l is t in g  o f  t h e  b io t a , s e e  Thom a s s o n  e t  

a l . ( 1 9 8 6 ) . A s y s t ema t ic d e s c r ip t io n  o f  t h e  mamma l s  is 

in p r e p a r a t io n  ( R .  J .  Z a k r z e w s k i , p e r s . comm . ) .  



3 

I ( L a G a r r y , 1 9 8 7 )  p r o v id e d  a p r e l im in a r y  a c c o u n t  o f  

t h e  c ame l i d  g e n e ra f r o m  t h e  M i n i u m  Q u a r r y .  Howev e r , 

s in c e t h a t  r e p o r t , m o r e  c a m e l m a t e r ia l  h a s  b e e n  

r e c o v e r e d . Th e s m a l l  s p e c i e s  n o w  c a n  b e  a s s i gn e d  t o  

Hemia u c h e n ia v e r a  Ma t th e w . T h e  l a r g e  t a x o n  i s  r e f e r a b l e  
��-

t o  Mega t yl op u s  g i g a s  Mat t h e w  a n d  C o o k . The  m e d iu m-s i z e d  

s p e c ie s  i s  a s s ig n e d  h e r e in t o  P r o c a m e l u s  b a s e d  o n  a 

b i o m e t r i c  a n d  o s t e o l o g ic a n a l y s e s  o f  t h e  r e f  e r r e d  

ma t e r ial . 

C a t a l o g  n um b e r s  w it h o u t  a n  a c r o n y m a r e  h o u s e d  i n  

t h e  F o r t  Ha y s  S t e r n b e r g  M e m o r i a l  Mu s e u m Ve r t e b r a t e  

P a l e o n t o l o g y  c o ll e c t i o n  ( F H S M  VP -).  O t h e r  ins t i t u t i o n a l  

a c r o n ym s  a r e : 

F : AM 

UF 

UNSM 

F r ic k  Ame r ic a n  Mamma l s , A m e r ican M u s e um o f  

N a t u r a l  H is t o r y , N e w  Yo r k  

Un i v e r s i t y  o f  F l o r id a  S t a t e  Mu se u m , 

G a in e s v il l e  

U n iv e r s it y  o f  N e b r a s k a  S t a t e  Mu s e um ,  

L in c o ln 

S YS TEMAT I C  P A LEONTO L O G Y  

C l a s s  MAMMA L I A  L i n n e u s , 1 7 5 8  

O r d e r  A R T I O D A CT YL A  Owen , 1 8 4 8  

F a m il y  CAMEL ID A E  G r a y , 1 8 2 1  

S u b f am il y  CAMELI N A E  Z it t e l , 1 9 9 3  

T r ib e  LAM I N I We b b , 1 9 65 

Hemia u c h e n ia G e r v a is a n d  Am e g h in o , 1 8 8 0  



Hemia u c h e n ia � ( Ma t t h e w , 1 9 0 9 ) We b b , 1 9 74  

Fig u r e s  2 a - d  

Ma t e r ia l s . -- 7 8 1 2 , p a r t ia l  r ig h t  P 4 ; 78 1 3 , p a r t ia l  

r ig h t  ma x il l a r y  w it h  M l ; 8 2 3 0 , p a r t ia l  d e c id u o u s  l e f t  

P4 ; 8 6 5 1 , r ig h t  m l ; 8 8 6 0 , d is t a l  e p ip h y s is o f  

m e t a p o d ia l ; 8 8 6 3 , l e f t  s c a p h o id ; 8 9 1 0 ,  p r o xim al e n d  o f  

r ig h t  m e t a t a r s al ; 8 8 6 2 , r ig h t  n a v ic u l a r ; 8 7 7 1 , l e f t  

a s t r a g a l u s ; 8 8 2 0 , p a r t ial l e f t  a s t r a g a l u s .  

D e s c r i p t io n . -- H e m ia u c h e n ia v e r a  is t h e  l e a s t  

r e p r e s e n t e d  o f  t h e  t h r e e  c a m e l s in t h e  Min ium Q u a r r y  

1. b . ,  b u t  is t h e  o n l y  c a m e l  t h a t  c a n  b e  a s s ig n e d  w it h  

c e r t a in ty .  Br e y e r  ( 1 9 7 7 )  stated that the three time-

s u c c e s s iv e  s p e c ie s  o f  H e m ia u ch e n ia a r e  n e a r l y  id e n t ic a l  

e x c e p t  f o r  t he c - p 4  d ia s t ema a n d  a p r o g r e s s iv e  in c r e a s e  

in h y p s o d o n t y . Th e r e f o r e , t h e  p o s t -c r a n ia l  e l e me n t s  o f  

t h e  M in ium Q u a r r y  t a x o n  c a n  b e  a s s ig n e d  t o  g e n u s  b y  

c o m p a r is o n  t o  a r e l a t e d  s p e c ie s . Th e p o s t -c r a n ia l  

s p e c im e n s  o f  t h e  M in iu m Q u a r r y  H .  v e r a  c om p a r e  v e r y  

w e ll with , b u t  a r e  c o n s id e r a b l y  s m a l l e r  than , the  
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B l a n c a n  s p e c im e n s  o f  H .  b l a n c o e n s is f r o m  the B r o a d w a t e r  

A lo c a l it y  d e s c r ib e d  b y  B r e y e r  ( 1 9 7 7 ) . 

The p a r t ia l  R p 4  ( 7 8 1 2 )  l a c k s  t h e  l in g u al s u r f a c e  

( F ig .  2 a - b ) , is in a mo d e r a t e  s t a t e  o f  wear , a n d  t h e  

l o p h s  a r e  p r e s e r v e d  in g o o d  d e t a il .  T h e  RMl ( 7 8 1 3 )  is 

c o m p l e t e  a n d  h a s  un d e r g o n e  v e r y  l it t l e  o r  n o  we a r  ( F ig .  

2 c - d ) , a n d  lama b u t r e s s e s  ( We b b , 1 9 6 5 ) a r e  we l l  



d ev el o p ed .  A l t h o u g h  th e s e  s p ec imen s a r e  s imil a r  t o  

B r o a d w a t er A H .  b l an c o e n s is , t h ey a r e  s ma l l e r  a n d  l es s  

h y p s o d o n t , w h ic h  s u g g es t s  H .  v er a  r a t h er than  H .  

b l an c o en s is . 

T r ib e  C A MEL I N I  Web b , 1 9 6 5  

P r o c a mel u s  s p . n o v . 

F ig u r es 2 g - h , 3 
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Ma t er ia l s . -- Min iu m Q u a r r y  l . b . : 78 1 6 , r ig h t  I 3 ;  

8 7 0 0 , a x is ;  8 1 2 2 , a s s o c ia t ed r ig h t  f o r el imb , inc l u d in g  

t h e  d is t a l  4 /5 o f  t h e  h u mer u s , r a d iu s -u l n a , s c a p h o id ,  

l un a r , c u n eif o r m , p is if o r m , t r a p ez o id , ma g n u m , u n c if o r m , 

met a c a r p a l ; 8 9 3 8 , 9 3 6 7 , 2 d is t a l  en d s  o f  h u me r i; 8 9 9 5 , 

p r o x ima l en d o f  r a d i u s - u ln a ;  9 0 4 3 , r a d iu s -u l na ;  8 8 6 4 , 

l ef t  s c a p h o id ;  8 9 1 0 , p r o x ima l en d o f  met a c a r pa l ;  8 2 5 3 , 

8 7 2 3 , 2 d i s t a l  en d s  o f  t ib ia s ;  8 2 12 ,  l ef t  me ta t a r s a l ;  

79 5 8 , f ir s t  p h a l a n g e ;  8 6 8 5 , s e c o n d  p h a l a n g e . O g a l l a l a  

B ea c h  l o c a l it y  ( K h - 1 ) ,  Keit h Co . ,  N eb r a s ka : UNS M  8 8 4 8 3 , 

l ef t  met a t a r s a l . C a mb r id g e  l . f .  ( F t -4 0 ) a n d  a s s o c ia t e d  

l o c a l it ies ( Ft - 0 , F t - 4 7),  Fr o n t ier C o . ,  N eb r a s k a : U N S M  

8 8 4 79 , 8 8 4 8 2  r ig h t  met a t a r s a l s ;  UNS M 8 8 4 8 0 , 8 8 4 8 1 , 2 

p r o x ima l en d s  o f  l e f t  me t a t a r s a l s . 

R ema r k s . -- Fo r t h e  p u r p o s e  o f  t h e  p a p er I a s s ig n  

t h es e  s p ec imen s t o  P r o c a mel u s  b a s ed o n  t h e  o s t eo l o g y  a n d  

r a t io s  o f  t h e  d imen s io n s  o f  t h e  r ef er r ed met a p o d ia l s . 

T h e d is t in c t  o s t eo l o g ic a l  a n d  siz e d if f er en c e s  w it h  t h e  

o nl y  c o n t emp o r a r y  s p ec ies o f  P r o c a mel u s , P .  g r a n d is , 
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s u g g e s t s  t h a t  t h e  Min ium Q u a r r y s a m p l e  r e p r e s e n t s  a 

p r e v io u s l y  u n r e co g n iz e d  s p e cie s . C o m p a r is o n s  w e r e  m a d e  

w it h  t a xa in w h ich t h e  p o s t - cr a n ia l  o s t e o l o g y  h a s  b e e n  

t h o r o u g h l y d e s cr ib e d . I h a v e  n o t  ch o s e n  a t y p e  

s p e cim e n , p e r  s e , b e ca u s e  ma t e r ial s o f  t h e  t y p e  P .  

g r a n d is w e r e  u n a v a il a b le f o r  co m p a r is o n . P r e v io u s  

a cco u n t s  o f  P .  g r a n d is g e n e r a l l y  h a v e  b e e n  b a s e d  o n  

t e e t h  o r  cr a n ia , w it h  l it t l e  o r  n o  d e s cr ip t io n  o f  p o s t 

cra n ia l  o s t e o l o g y . Th e re f o r e , com p a r is o n  t o  t h e  p o s t 

cr a n ia l  o s t e o l o g y  o f  P .  g r a n d is is p e n d in g  t h a t  

d e s cr ip t io n .  H o w e v e r , m e t a p o d ia l s  o f  P r o came l u s  f r o m  

t h e  K e p l e r  ( Mer r il C o . ,  N e b r a s k a ) a n d  B u r g e  Q u ar rie s 

( Ch e r r y  C o . ,  N e b r a s k a ) , P r o ca m e l u s  cf . P .  g r a n d is f r o m  

t h e  P o is o n  I v y  Q u a r r y  ( C h e r r y  Co . ,  N e b r a s k a ) , a n d  P .  

o ccid e n t a l is f r o m  t h e  Ra il w a y  Quar r y  ( Ch e r r y  C o . ,  

N e b r a s ka ) w e r e  a v a il a b l e  a n d , if co r r e ct l y  id e n t if ie d ,  

s h o u l d p r o v id e  a v a l id b a s is f o r  t h e  f o l l o w i n g  

d is cu s s io n . 

De s cr ipt io n . --This s p e cie s is we l l  r e p r e s e n t e d  b y  

p o s t -cr a n ia l  m a t e r ial , a n d  is t h e  l a r g e s t  com p o n e n t  o f  

t h e  M in ium Qua r r y  camel  s a m p l e . T h e  o n l y  d e n t a l  

ma t e r ia l  r e f e r r e d  t o  this t a xo n  is a n  R I 3  ( Fig .  2 g -h ) 

t ha t  ha s a n  a l v e o l a r  l e n g t h  o f  9 . 2  mm , wh ich is s ma l l e r 

than  t h a t  o f  t h e  p a r a t y p e  o f  P .  g r a n d is ( 1 2 . 8  mm ) 

f i g u r e d  b y  G r e g o r y  ( 1 9 4 9 ) , a n d  f a r  s ma l l e r t h a n  th o s e  o f  

A .  t a yl o r i  ( 1 4 . 2  mm ) d e s cr ib e d  b y  Ha r r is o n  ( 1 9 7 9 ) . 
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Whe t h e r  o r  n o t  t h is d if f e r e n c e  s ig n if ie s  r e d u c t io n  o f  

t h is t o o th mu s t  r e m a in s p e c u l a t iv e , p e n d in g  the  r e c o v e r y  

o f  m o r e  t e e t h . 

Th e a x is is 2 0 3  mm l o n g , w ith a n t e r io r  and  m a x imum 

w id t h s  o f  8 0 .0 mm and 8 6 .4 mm , r e s p e c t iv e l y .  I t  is 

l o n g e r  a n d  n a r r o w e r  t h a n  in Came l o p s ,  a n d  a p pr o a c h e s  

Aepy c a m e l u s  in o v e r a l l  p r o p o r t io n . Th e o d o n to id p r o c e s s  

is s p o u t - l ike a n d  r o b u s t  a s  in Cam e l o p s , a n d  t h e  

a n t e r io r  a r t ic u l a r  s u r f  a c e  o f  t h e  b o d y  o f  t h e  a x is f a c e s  

u p wa r d  a s  in Ae pycame l u s ,  Ca m e l o p s , A l f o r f a s ,  a n d  

Cam e l u s . Th e n e u r a l  s p in e  is l o w a n d  u n d iv id e d  a n d  is 

l o n g e r  a n d  t h i n n e r  t h a n  in Came l o p s . Th e t r an s v e r s e  

p r o c e s s  is t h in n e r  a n d  t e r m in a t e s  in t u b er c l e s  t h a t  are  

l e s s  r o b u s t  a n d  n a r r o w e r  l a t e r a l l y  t h a n  t h o s e  o f  

C ame l o p s . Th e d o r sa l  s u r f a c e s  o f  t h e  p o s t z y go p o p h y s e s  

a r e  c o n v e x  s u r f a c e s , r a t h e r  t han f l a t  a s  i n  Came l o ps .  

The ar t ic u l a r  s u r f a c e s  o f  t h e  p o s t z y go p o p h y s e s  a r e  

in d is t in c t  a n d  s l ig h t l y  c o n v e x , me r g in g  wit h  the  c e n trum 

a n t e r io r l y . In  C a m e l o ps th e y  are  c o n c a v e , e l o n g a t e d  

t ra n s v e r s e l y , a n d  is o l a t e d  ( We b b , 1 9 6 5 ) . 

Th e p a r t ia l  a s s o c ia t e d  f o r e l imb ( 8 1 2 2 )  b e l o n g s  t o  a 

m e d ium- s iz e d  c a me l w it h  s t o u t  l e g s  ( F ig .  3 ) , s im il a r  in 

a p p e a r a n c e  t o  t h e  s p e c im e n  o f  f. gr a n d is f ig u r e d  b y  

G re g o r y  ( 1 9 4 9 ,  p .  3 7 2 ) . Th is c am e l is l a r g e r ( Ta b l e  1 )  

t han t h e  l a r g e s t  A .  t a yl o r i  r e p o r t e d  b y  H a r r is o n  ( 1 9 7 9 ) 

a n d  t h e  l a r g e s t  in d iv id u a l  o f  P .  gr a n d is f r om B ig S p r ing 
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C a n y o n , S o ut h  D a ko t a  ( G re go r y , 1 9 49 ) . I t  d o e s , h o w e v e r , 

f a l l  w e l l  w it h in t he r a n ge o f  m e a s ur e m e n t s  o f  a l a r ge 

P r o c ame l us f r o m  t h e  l a t e  Ea r l y  H e m p h il l ian B o x  T Q ua r r y  

o f  t h e Te x a s  P a n h a n d l e  ( B r e y e r , 1 9 8 3  p .  3 0 3 ) , a n d  is 

3 0 -4 0 %  s ma l l e r  t h a n  A e pyc ame l us a n d  H e m p h il l ian 

s p e c ime n s  o f  Me g a t y l o p us . 

The p r o x im a l  a r t ic u l a r  s ur f  a c e  o f  t h e  hum e r us is 

m is s in g ,  a s  is a p p r o x im a t e l y  2 - 3  cm o f  the  s h a f t . Th e 

d is t a l  e n d s  o f  t h e  r e f e r r e d  h um e r i  r a n ge f r o m  7 5 . 0 - 7 6 . 8  

mm wid e , w it h  a m e a n  o f  7 6 . 1  mm . Th e d e l t o id cr e s t  is 

p r o n o un c e d  a s  in C a m e l o ps .  Th e n ut r ie n t  f o r am e n  is 

l o c a t e d  p o s t e r o l a t e r a l ly e q uid is t a n t  f r o m  the  t h e  

d e l t o id cr e s t  a n d  t h e  d is t a l  t r o c h l e a r  s ur f a c e .  Th e 

m e d ia l  e p ic o n d y l e  is w e a k  a n d  p r o x imal t o  the  t r o c h l e a r  

s ur f a c e .  Th e t r o c h l e a r  s ur f a c e  e x t e n d s  we l l  in t o  t h e  

o l e c r a n o n  f o s s a , a s  it d o e s  in Ca me l us . Th is is in 

c o n t r a s t  t o  t h e  l am in e s  H e m ia uc h e n ia ,  A l f o rjas , a n d  

C am e l o p s  ( We b b , 1 9 6 5 ; H a r r is o n , 1 9 7 9 ) . 

Th e r a d ius - ul n a  h a s  a n  a r t ic ul a r  l e n gt h  o f  5 2 2 . 0  

mm , a p r o x im a l  w id t h o f  7 7 . 0  mm , and a d is t a l  wid t h  o f  

8 9 . 2  mm . Th is is l o n ge r  a n d  p r o p o r t io n a t e l y  m o r e  

s l e n d e r  t h a n  in A l f o r ja s  a n d  C a m e l o p s , b ut l e s s  s o  t h a n  

in Hemiauc h e n ia .  Th e s e  p r o p o rt io n s  c l o s e l y  re s e m b l e  

t h o s e  o f  M e g a t y l o p us , a l t h o ugh sma l l e r . Th e p r o x im a l  

p a r t  o f  t h e  o l e c r a n o n  p r o c e s s  i s  mis s in g ,  wh e r e a s  t h e  

d is t a l  p a r t  is p r e s e r v e d  a n d  m e r ge s  w i t h  t h e  r a d ius 



m e d ia l l y .  Th e l a t e r a l  t ub e r o s it y  is e it h e r  v e r y  w e a k, 

b r o ke n , o r  a b s e n t . Th e b ic ip ita l r ug o s ity is sma l l  in 

c o m p a r is o n  t o  l a t e r  t a x a  ( e g .  Came l o p s ; We b b ,  1 9 6 5 ) . 

Th e a n t e r io r  b r a c h ia l  r ug o s it y  is p o o r l y  d e f in e d  a n d  

l o c a t e d  m o r e  m e d ia l l y  t ha n  in Cam e l o p s . Th e p r o xim a l  

in t e r o s s e o us f o r a m e n  i s  e l o n g a t e  a n t e r o p o s t e r io r l y ,  n o t  
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a b b r e v ia t e d  a s  in Cam e l o p s . T h e  p r o x imal p o r t ion o f  the  

d is t a l  in t e r o s s e o us f o r a m e n  is e l o n g a t e  

a n t e r o p o s t e r io r l y ,  wh e r e a s  t h e  d is t a l  p o r t io n  is w e a k  or 

a b s e n t . In C am e l o p s  t h is f e a t ure is w e l l - d e f in e d  a n d  

w id e r  ( We b b , 1 9 6 5 ) . Th e s c a p h o id co n d y l e  is p r o n o un c e d ,  

b r o a d ,  a n d  c o ni c a l ,  wit h t h e  a p e x  to t h e  s i d e . Th e 

c h a n n e l s  o n  t h e  a n t e r io r  s ur f a c e  a r e  s h a l l o w  and  b r o a d . 

Th e s ca p h o id is a v e r y  s t o ut b o n e , a v e r a g in g  3 4 . 2  

mm in h e ig h t  b y  4 9 . 0  mm in l e n g t h , a n d  is m o r e  t h ic kl y  

p r o p o r t io n e d  t h a n  in A l f o r ja s  a n d  He m iauc h e n ia .  O n  t h e  

p r o x imal s ur f a c e , t h e  a n t e r io r  c o n ve x  f a c e t  is h ig h , 

wh e r e a s  t h e  p o s t e r io r  c o n v e x  f a c e t  is s o mewhat r e d uc e d . 

Th e c o n c a v e  f a c e t  is in c l in e d  l a t e r a l l y . The 

a n t e r o d o r s a l  l un a r  f a c e t  is s e m ic ir c ul a r  in s h a p e .  Th e 

a n t e r o v e n t r a l  l un a r  f a c e t  is a t t e nua t e d  

p o s t e r o l a t e r a l l y . The t r a p e z o id f a c e t  is s ub e q ua l  with 

r e s p e c t  to  t h e  m a g n um f a c e t , l y in g  w e l l  a b o v e  t h e  d is t a l  

e x t e n t  o f  t h e  m a g n um .  Th e s e  c h a r a c t e r s  a l l  d if f e r  

s li g h t l y  f r o m  th o s e  r e p o r t e d  f o r  Cam e l o p s  and Lama b y  

We b b  ( 1 9 6 5 ) , e x c e p t  f o r  t h e  s h a p e  o f  t h e  a n t e r o d o r s a l  
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f a c e t , wh ic h  is s im il a r . T h e  o t h e r  c h a r a c t e r s  r e s e m b l e  

W eb b 's ( 1 9 6 5 )  d e s cr ip t io n  o f  Cam e l us . 

The l un a r  is 4 3 . 5  mm in h e ig h t  a n d  44 . 3  mm in 

len g t h . The  s ca p h o i d f a c e t s  o f  t h e  l un a r  a r e  m ir r o r  

i m a g e s  o f  t h e  f a c e t s  o n  t h e  s ca p h o id .  The p o s t e r o me d ia l  

b ra n c h  o f  t h e  b if id p r o c e s s  is sma l l  a n d  f a c e s  me d ia l l y . 

O n  t h e  me d ia n  ke e l  d iv id in g  t h e  two f a c e t s , the ma g n um 

s u r f a c e  is l a r g e r  t h an t h e  unc if o rm s ur fa c e ,  a n d  is 

i n c l in e d  a p p r o x im at e l y  f if t y  d e g r e e s  f r o m  t h e  

h o r iz o n t a l . A g r o o v e  s e p a r a t e s  the t w o  f a c e t s . 

Th e c un e i f o r m is l a r g e r  t h an t h e  s c a p h o id ,  

m e a s ur in g  3 7. 4  mm in h e ig h t  b y  3 4 . 7  mm in l e n g t h . The  

p ro x im a l  c o n v e x  f a c e t  is a n a r r o w  an t e r ome d ial s t r ip .  

T h is is in c o n t r a s t  t o  t h e  c o n d it io n  in Cam e lo p s , in 

wh ic h  the c un e if o r m  is s m a l l e r  than t h e  s c a p h o id ,  b ut 

s imil a r  t o  Came l op s  in t h e  s h a p e  o f  t h e  p r o x imal c o n v e x  

f a c e t  ( We b b , 1 9 6 5 ) . T h e  c o n v e x  p is if o rm f a c e t  is 

s h o r t en e d . The  a n t e r o d o r s a l  l un a r  f a c e t  is s imp l e , a n d  

c o r r e s p o n d s  we l l  w ith it s c o un t e r p a r t  o n  t h e  l un a r  b o n e . 

Th e a n t e r io r  p a r t  o f  t h e  v e n t r a l  l u n a r  f a c e t  f a c e s  

m e d ia l l y  a n d  is a t  r ig h t a n g l e s  t o  t h e  p o s t e r io r  p a r t , 

t h e  v e r t e x  b e in g  s o mewhat r o un d e d . 

The f r e e  e n d  o f  t h e  p is if o r m  is n o t  a s  n a r r o w  a n d  

r o b u s t  a s  in Cam e l o p s , a n d  is r u g o s e . The c un e if o rm and  

uln o r a d i a l  f a c e t s  a r e  n e a r l y  e q ua l  in  s i z e . Th e c r e s t  

b e t w e e n  th e s e  f a c e t s  is l o n g  a n d  c u r v e s  v e n t r a l l y . 



1 1  

Th e a r t ic u l a r  s u r f  a c e s  o f  t h e  t r a p e z o id a r e  

s ma l l e r  t h a n  t h o s e  o f  Ca m e l o ps . Th e s ur f  a c e  o f  t h e  

tr a p e z o id a r t ic u l a t in g  w it h  t h e  s c a p h o id is n a r r o w . The 

d o r s a l  ant e r o l a t e r a l  fa c e t  f o r  t h e  m a gnu m j o in s  t h e  

m e t a c a r p a l  f a c e t  d is ta l l y ,  a s  it d o e s  in Cam e l o p s  ( We b b ,  

1 9 6 5 ) . Th e s ma l l  v e nt r a l  f a c e t  f o r  t h e  m a gn u m  j o in s  the  

m e t a c a r p a l  f a c e t  d is ta l l y .  

On t h e  m a g n u m,  t h e  b o u n da r y  b e t w e e n  t h e  l u nar 

f a c e t s  is w e a k  but d is t in c t . The p o s t e r o l at e r a l  p r o c e s s  

is l o n g , b u t  n o t  a s  r o b u s t  a s  in Ca m e l o p s . Th e 

p o s t e r o l a t e r a l  f a c e t  f o r  t h e  u nc if o r m  is s e t  s h a r p l y  

a g a i n s t  t h e  p o st e r io r  co n v e x i t y  o f  t h e  l u n a r  f a ce t . The 

p o s t e r o l a t e r al s u r f a c e  o f  t h e  m e t a c a r p a l  f a c e t is 

in c l in e d  l a t e r a l l y  a t  t h e  p r o x im a l  e n d . 

Th e u n cif o rm is 4 5 . 3 mm in h e ig h t  a n d  4 8 .2 mm in 

l e ng th .  Th e a n t e r io r  d is t a l  s u r f a c e  o f  t h e  u n c if o rm 

e x t e n d s m o r e  d is t a l l y  than  t h e  d is t a l  s u r f  a c e  o f  o f  t h e  

magnum,  wh e r e a s  in m o r e  a d v a nc e d  l a m ine g e n e r a  t h e ir 

d is t a l  s u r f a c e s a r e  a d j a c e n t  ( W e b b , 1 9 6 5 ; H a r r is o n ,  

1 9 7 9 ) .  Th e c u n e if o rm f a c e t  i s  b y  f a r  t h e l a r g e s t  f a c e t  

o n  t h e  p r o x im a l  s u r f a c e ,  cha ng in g  f r o m  a f a in t  c o n c a v ity 

a t  the  a n t e r om e d ia l  e n d  to a low c o n v e x it y  c u r v in g  w e l l  

d o wn o n t o  t h e  p o s t e r o l a t e r a l  s u r f a c e . Th e c r e s t  

s e p a r a t in g  t h e  l u n a r  and  c u n e if o r m f a c e t s  is s ha l l o w  and  

weak,  a nd is inc l ine d s l ig h t l y  m e d ia l l y . Th e 

p o s t e r o v e nt r a l  p r o c e s s  is l a r g e  a nd w e l l  d e v e l o p e d , b u t  
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n o t  a s  b l u n t  o r  h e a v y  a s  in C am e l o p �. Th e f o s sa b e tween  

t h e  two me d ia n  f a c e t s  f o r  the  m a g nu m  is  s h a l l ow .  Th e 

c o n c a v e  t r ia n g u l a r  v e n t r a l  f a c e t  f o r  t h e  f o u r t h  

m e t a c a r p a l  e x t e n d s  s l ig h t l y  o n t o  t h e  p o s t e r io r  

p o s t e r o v e n t r a l  p r o c e s s .  

The a n t e r io r  f a c e  o f  t h e  m e t a c a r p u s  ( s e e  Ta b l e  1 

f o r  m e a s u r e men t s ) is l o n g it u d in a l l y  c o n c a v e  a s  in 

Came l o ps a n d  C am e l u s . Th e p r ox im a l  a r t ic u l a r  s u r f a c e  o f  

t h e  t h ir d  m e t a c a r p a l  is s l ig h t l y  h ig h e r  t h a n  t h a t  o f  

t h e  f o u r t h . Th e s e  l a s t  c h a r a c t e r s  a r e  s im il a r  t o  tho s e  

s e e n in Came l o p s  a n d  Came l u s , a n d  mo r e  p r o n o u n c e d  than 

in A l f o r ja s ,  Lama , a n d  H e m ia u c h e n ia .  Th e m a g n u m  a n d  

t r a p e z o id f a c e t s  a r e  s im il a r  in s iz e  t o  t h o s e  o f  

Came l o ps , b u t  f o rm a p o s t e r io r l y  d ir e c t e d  t r ian g l e  a s  in 

P r o c am e l u s . Th e u n c if o r m  f a c e t  is m o r e  s q u a r e  t h a n  in 

Came l o p s , b u t  is o f  s imil a r  s iz e .  Th e m e t a c ar p u s  

a p p r o a c h e s  t ha t  o f  Ca m e l o p s  in l e n g t h , b u t  is l e s s  

r o b u s t  d is t a l l y .  

Th e m e t a t a r s u s ( 8 2 1 2 )  is a p r o x im a t e l y  10% s ma l l e r  

t h a n  t h e  m e t a c a r p u s  ( Ta b l e  1 ) ,  a n d  e x c e e d s  t h e  

m e t a c a r p u s /  m e t a t a r s u s  s iz e  d if f e r e n c e  s e e n  in Ca m e l o p s  

( We b b , 1965), b u t  is mu c h  l e s s  t h a n  in Pr o c ame l u s  

( G r e g o r y , 1 9 4 9 ) ,  A l f o r ja s , a n d  m o s t  o t h e r  N e o g e n e  

cam e l id s  ( Ha r r is o n , 1 9 7 9 ) . Th e l a t e r a l  a n d  me d ia l  s id e s  

a r e  s l igh t l y  c o n c a v e  a s  in C am e l u s , r a t h e r  tha n  c o n v e x  

a s  in A l f o r ja s ,  C am e l o p s , a n d  Lama ( We b b , 1965; 
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H a rris o n , 19 7 9 ) .  Th e a n t e r io r  l o n git u d in a l  gr o o v e  is 

s h a l l ow ,  a s  is t h e  a n t erio r gr o o v e . The c u b o id fa c e t  is 

s e p a r a t e d  fro m  t h e  e c t om e s o cu n e if orm b y  a s m a l l  t r o u gh 

a s  in A l fo rja s ( Ha rris o n , 19 7 9 )  a n d  C a m e l o p s  ( We b b , 

19 6 5 ) . Th e p l a n t a r  p r o c e s s  e x t e n d s  1/ 3 it s l e n gt h  d o wn 

t h e  p o s t e r io r  o f  t h e  p r o x ima l e n d . Th e c u b o id fa c e t  is 

in c l in e d  m e d i a l l y .  The v e r t ic a l  p r o c e s s  is s h o r t  a n d  

c l o s e d . Th e e n t o c u n e ifo rm fa c e t  is s m a l l  and  s e p a r a t e  

fro m t h e  e c t om e s o c un e ifo r m  fa c e t ,  b u t j o in e d  t o  t h e  

p l a n t a r  p r oc e s s ,  a s  in P r o c a rne l u s .  In A l fo r ja s ,  

C a m e l o p s ,  a n d  C a m e l u s ,  t h is fa c e t  is is o l a t e d  fr o m  t h e  

p l a n t a r  p r o c es s .  

Th e p r o x im a l  p h a l a n ge ( 7 9 5 8 ) is 1 19 . 6  mm l o n g ,  h a s  

a p ro x im a l  w id t h  o f  4 9 . 2  mm , a n d  i s  s l e n d e r  a s  in L ama 

and A l fo r ja s , w it h  a ''w " - s h a p e d  s u s p e n s o r y  l iga m e n t  s c a r  

r e s e m b l in g  t h o s e  o f  Lama , M e g a t yl o p u s ,  Tit a n o t y l o p u s , 

a n d  H e m ia u c h e n ia ( B r e y e r ,  1 9 7 4 ) . It is q u it e  w o r n ,  a s  

is t h e  s e c o n d  p h a l a n ge ( 8 6 8 5 ) , whic h  is s l igh t l y  l a r ge r  

t h a n  t h a t  o f  A l fo r ja s . 

A N A L YS I S  O F  META P O D I A L O S TEOLOGY 

Th e d is t a l  l imb e l e m e n t s o f  P l e is t o c e n e  c a me l id s  

h a v e  b e e n  s t u d ie d  in s o me d e t a il ( B re y e r ,  19 74 ) , a n d  

s o m e  o f  t h e s e  o b s e rv a t io n s  h a v e  b e e n  a p p l ie d  in l im it e d  

fo rm t o  o l d e r  t a x a  ( Ha rr is o n , 1 9 7 9 ; Vo o rh ie s  a n d  C o rn e r ,  

19 8 6 ) .  H o we v e r, th e s e  s t u d ie s  h a v e  n o t  d e s c r ib e d  t h e  

a rt ic u l a r  s u rfa c e s  o f  c a m e l id m e t a p o d ia l s . A s  a r e s u l t , 
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m a n y  m e t a p o d i a l s o f  m e d i um-s i z e d  N e o g e n e  c ame l s a r e  

m i s a s s i g n e d . F o r  e x am p l e ,  t h e  s p e c i m e n s  a s s i g n e d  t o  

P r o c ame l u s  h e r e i n  h a v e  b e e n  c o n s i d e r e d  ( Th o ma s s o n  e t  

a l . ,  1986) t o  b e  A l f o r ja s  c f . A .  t ay l o r i  H a r r i s o n  b a s e d 

s o l e l y  o n  t h e i r  Hem p h i l l i a n  a g e  ( F i g . I). Th e 

s c a t t e r e d  r e p o r t s o f  P r o c a me l u s  c f . P .  g r a n d i s  i n  

H e m p h i l l i a n  f a u n a s  r e q u i r e  t ha t  i t  t o o  b e  

d i s t i n g u i s h a b l e  f ro m  c o n t e m p o r a r y  t a x a . The s h a p e ,  

s i z e ,  a n d  c o n f i g u r a t i o n  o f  t h e  p r o x i m a l  a r t i c u l a r  

s u r f a c e s  o f  t h e  m e t a p o d i a l s  o f  P .  g r a n d i s ,  A l f o r ja s ,  

a n d  t h e  n e w  s p e c i e s  o f  P r o c a m e l u s  f r o m  t h e  Mi n i um Q u a r r y  

l . b .  a r e  s u f f i ci e n tl y  d i f f e r e n t  t o  a l l o w  t h e m  t o  b e  

d i s t i n g u i s h e d  f r o m  o n e  a n o t h e r ,  a n d  i n  t h e  f o l l o w i n g  

d i s c u s s i o n  s p e c i m e n s  o f  e a c h  a r e  e x a mi n e d  a n d  c o m p a r e d . 

The m o s t  r e a d i l y  a p p a r e n t  d i f f e r e n c e  b e t w e e n  t h e s e  

s p e c i e s  i s  s i z e  ( F i g . 4 ) . Me t a p o d i a l s o f  t h e  Mi n i um 

Qua r r y  P r o c ame l u s  a r e  c o n s i s t e n t l y  l a r g e r  ( Ta b l e  1) than 

t h o s e  of  A .  t a y l o r i  d e s c r i b e d  b y  H a r r i s o n  ( 1979), a n d  

l a r g e r  t h a n  m o s t  P .  gra n d i s ,  wi th t h e  e x c e p t i o n  o f  t h e  

u n d e s cr i b e d  s a m p l e  f r o m  t h e  B o x  T Q u a r r y  r e p o r t e d  b y  

B r e y e r  ( 1983). 

O s t e o l o g i c a l  d i f f e r e n c e s  b e tw e e n  t h e  t hr e e  s p e c i e s  

a r e  m o s t  r e a d i l y  a p p a r e n t  i n  t h e  s i z e ,  s h a p e ,  a n d  

a r r a n g e m e n t  o f  t h e p r o x i m a l  a r t i c u l a r  f a c e t s ,  t h e  d e g r e e  

o f  m e t a p o d i a l  f u s i o n , a n d  s e v e r a l  o t h e r  c h a ra c t e r s . 

Th e s e  d i f f e r e n c e s  a r e  d e t a i l e d  b e l o w  a n d  i n  F i g u r e  4 .  



Me t a c a r pus 

Un c i f o r m  f a c e t . - I n  Al f o r ja s  t h e  un c i f o rm f a c e t  i s  

t r i a n g ul a r  ( F i g . 5 )  a n d  l i e s  b e l o w  t h e  l e v e l  o f  t h e  

ma g n um f a c e t . In P r o c a m e l us t h i s  f a c e t  i s  tr a p e z o i d a l  
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i n  o ut l i n e  a n d  i s  m o s t  c l e a r l y  d e f i n e d  i n  t h e  Mi n i u m 

Q uarr y s p e c i m en s . Al f o r ja s  ha s a s m a l l  s u b s i d i a r y  f a c e t  

ar t i c ul a t i n g  wit h  t h e  un c i f o r m  o n  a p o s t e ro-me d i a l  

e x t e n s i o n o f  t h e  p r i m a r y  un c i f or m  f a c e t . Th i s  f e a t ur e  

i s  r e p r e s e n t e d  b y  a s m a l l p r o c e s s  i n  �· gran d i s  a n d  t h e  

M i n i um Qua r r y  P r o c ame l us . I n  P .  gran d i s  a n d  the  Mi n i um 

Q ua r r y  P r o c a m e l us , t h e  un c i f o r m  f a c e t a n d  s h a f t  m e r g e  

g r a d ua l l y  ra t h e r  t h a n  a b r up t l y , a s  i n  Al f o r ja s . 

Mag n u m  f a c e t . - In Al f o r ja s , t h e  ma g n um a n d  t r a p e z o i d 

f a c e t s  f o rm a p o s t e r i o r l y  d i r e c t e d  t r a p e z o i d .  I n  P .  

g r a n d i s a n d  t h e  Mi n i um Q ua r r y  P r o c a me l us , t h e s e  f a c e t s  

f orm a p o s t e r i o r l y  d i r e c t e d  t r i a n g l e  ( F i g .  5 ) . The 

i n t e r - fa c e t  g r o o v e  o r  n o t c h  f l a r e s  p o s t e r i o r l y  m o r e  s o  

i n  Al f o r ja s  a n d  P .  

P r o c ame l us . 

g r a n d i s  t h a n  i n  t h e  Mi n i um Qua r r y  

Trape z o i d  f a c e t .- T h e  t r a p e z o i d  f a c e t  i n  Al f o r ja s  i s  

d i r e c t e d  m e d i a - l a t e r a l l y , r a t h e r  t h a n  a n t e r o p o s t e r i o r l y  

a s  i n  P .  g r a n d i s  a n d  t h e  Mi n i um Q u a r r y  P r o c am el u s . The 

r a t i o s  of  a nt e r o p o s t e r i o r  to  t r a n s v e r s e  l e n g t h s  of  t h i s  

f a c e t  a r e  a p p r o x i ma t e l y  1 : 2 i n  Al f o r ja s ,  a n d  2 : 1  i n  b o t h  

P r o came l us .  

S h a f t . - T h e  s h a f t  o f  t h e  m e t a c a r p us i s  s q ua r e  i n  
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cross-section in Alforjas, whereas in P. grandis and the 

Minium Quarry Procamelus it is trapezoida l in cross-

section. It is proportionately thicker in the Minium 

Quarry Procame l us than either Alforjas or P. grandis. 

The Minium Quarry Procamelus metacarpa l s  III and IV are 

wel l  fused a s  in Alforjas and more fused than in P. 

grandis. 

Remarks.- P. grandis and the Minium Quarry Procamelus 

are simil ar in the shape and position of their articul ar 

facets, which differ from those of Al forjas. The Minium 

Quarry Procamelus and P. grandis are simil ar to Camelus 

in the shape and position of their articular facets, and 

the former is comparable to Camelus in overal l  size and 

increased thickness of the shaft. Alforjas shares most 

of these characters with Camelops, which suggests these 

characters may be consistant within the two tribes 

(Camelini and Lamini, respectively) of camelids. 

Metatarsus 

Plantar process.- In P. grandis and Alforjas, the 

pl antar process extends further posteriorly than in the 

Minium Quarry Procamelus except in the specimen of 

Procamelus cf. P. grandis (UF 57486) figured by Webb 

and Perrigo ( 1 984), in which the position of the pl antar 

process is identica l to that of the Minium Quarry 

Procamelus. Alforjas has a sma l l  subsidiary process on 

the anterior slope of the plantar process, which is 
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l a c kin g in P .  g r an d is a n d  t h e  M in ium Q u a r r y  Pr o c ame l u s . 

Th e Min ium Q u a r r y  P r o cam e l u s  d if f e r s  f r o m  P .  gra n d is in 

t h a t  t h e  p l a n t a r  p r o c e s s  is p r o p o r t io n a t e l y  sma l l e r  in 

P .  g ra n d is . 

E c t o m e s o c un e if o rm f a c e t . - I n  A l f o r ja s , t h i s  f a c e t  is 

n a r r o w e r  t h a n  in b o t h  s a m p l e s  o f  Pr o c a m e l u s  b u t  is 

p r o p o r t io n a t e l y  l a r g e r  in t h e  Min iu m  Q u a r r y  P r o c ame l u s  

t h an in �· g r a n d is . 

En t o cu n e if o r m f a c e t . - I n  A l f o r ja s , t h is f a c e t  is 

is o l a t e d  f r o m  t h e  m e d ia l  p l a n t a r  p r o c e s s .  In  t h e  two 

s p e c ie s  of P r o c a m e l u s ,  t h is f a c e t  is j o in e d  to t h e  

m e d i a l  p l a n t a r  p r o c e s s . I n  �· gra n d is ,  it mer g e s  wi t h  

it . Th is f a c e t  is p r o p o r t io n a t e l y  l a r g e r  in t h e  M in ium 

Quarry P r o c a me l u s  t h a n  in A l fo r ja s  o r  P .  g r an d is . 

Cu b o id f a c e t . - I n  a l l  t h r e e  came l s , t h e  cu b o id f a c e t  

is s imilar l y  s h a p e d  a n d  p o s it io n e d , t h o u g h  n a r r o w e r  in 

A l f o r ja s ,  a n d  d is p r o p o r t io n a t e l y  l a r g e r  in t h e  Min ium 

Q u a r r y  P r o c a me l u s . 

S h a f t . - Th e  s h a f t  o f  t h e  m e t a t a r s u s  is s q uare in 

c r o s s - s e c t io n  in A l f o r ja s  a n d  P .  gra n d is , a n d  

t r a p e z o id a l  a n d  p r o p o r t io n a t e l y  t h ic ker in t h e  M in iu m  

Q u a r r y  P r o c a me l u s . I n  t h e  M in i um Q u a r r y  P r o c a me l u s ,  

m e t a t a r s a l s  I I I  a n d  I V  a r e  f u s e d  a s  in A l f o r ja s . B o t h  

t a x a  s h o w  m o r e  f u s io n  t h a n  d o e s  P .  g r a n d is .  

Rema r ks . - Me t a t a r s a l s o f  P r o cam e l u s  a r e  d is t in c t  f r o m 

t h o s e  o f  A l f o r ja s  in t h e  c h a r a c t e r s  o f  t h e  p l a n t a r  
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p r o c e s s ,  w h ich a r e  s uf f ic ie n t  t o  d is t in g uis h t h e  two 

g e n e r a in m o s t  c a s e s . A l f or ja s  me t a t a r s a l s  a r e  mo s t  

s im il a r  t o  t h o s e  o f  Cam e l o p s , wh e r e a s  P r o came l us 

r e s em b l e s  C a m e l us , a l b e it o n ly s l ig h t ly .  Th e M in ium 

Q ua r r y  P r o c a me l us is s imil a r  t o  ?Me g a t y l o p us c o c h r a n i  

( UN S M  89 183) in t h e p r o p o r t ion a t e l y  inc r e a s e d  s ur f a c e  

a r e a s  o f  t h e  c ub o id ,  e c t o m e s oc un e if o r m , a n d  

e n t o c un e if o r m f a c e t s , a n d  t h e  r e d uc t ion o f  t h e  

in t e r f a c e t  s p a c e , s ug g e s t in g  t h a t  t h e s e  c h a ra c t e r s  a l s o  

may s h ow c o n s is t a n c y  a t  t h e  t r ib e  l e v e l . 

O s t e o l o g ic a l  c o n t r a s t s  b e tw e e n  t h e s e  g e n e r a  o c c ur 

ir re s p e c t iv e  o f  s iz e ,  a n d  a r e  s uf f ic ie n t l y  d is t in c t  t o  

b e  r e a d il y  a p p l ie d  t o  un a s s ig n e d  mat e r ia l . O n c e  a b l e  t o  

d is t in g uis h b e t w e e n  A l f o r ja s  a n d  P r o c a m e l us ,  t h e  

b io s t r a t ig r a ph ic ut il it y o f  t h e s e  t a x a  e q ua l s  t h a t  o f  

o t h e r  Ne o g e n e  c am e l id s  (B r e y e r ,  1983), a n d  q u e s t ion a b l e  

a s s ignm e n t s  c a n  b e  c l a r if ie d . Th e o s t e o l o g ica l a n a l y s is 

o f  t h e  M in ium Q ua r r y  P r o c a me l us s ug g e s t s  that it is a 

v a l id t a x o n  r e l a t e d  t o  o t h e r  P r o c am e l us . 

B I OMETRI C  A N A L YS I S  

B r e y e r  ( 1983) s umma r iz e d  m e t a p o d ia l  l e n g t h  and 

d is t a l  wid t h  me a s ur e m e n t s  f o r  t h e  g e n e r a A e pycame l us , 

Hemia uc h e n ia ,  A l f o r ja s , P r o c a me l us ,  M e g a t y l o p us , a n d  

Tit a n o t y l o p us ,  wh ic h  w e r e  t h e  t h e n  kn own c ame l g e n e r a  

f o r  t h e  Ba r s t o v ia n  t h r o u g h  B l an c a n  N o r t h  Ame ric an l a n d  

mammal a g e s  ( s e e  Ha r r is o n , 1 9 8 5  f o r  a d d it io n s ) , a n d  
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i n c l u d e d  a n  I r v i n g t o n i a n  s a m p l e  o f  C am e l o p s  f o r  

c om p a r i s o n . Bi va r i a t e  p l o t s  o f  l e n g t h  v s . d i s t a l  w i d t h 

a n d  l e n g t h v s .  a r a t i o  o f  l e n g t h t o  d i s t a l  wid t h  d i v i d e  

t he g e n e r a  i n t o  t hr e e  mo r p h o t y p e s : a t t e n u a t e , s t o c k y , 

a n d  i n t e rme d i a t e , e a c h  w i t h  a s e p a r a t e  " s h o r t " - a n d  

" l o n g " - l e g g e d  c o m p o n e n t  ( Ta b l e  2 ) . 

A l l  o f  t he g en e r i c  f i e l d s  a r e  d i s t i n c t  e x c e p t  t ho s e  

f o r  A l f o r ja s  a n d  P r o c a m e l u s ,  t he two " s h o r t " -l e g g e d  

i n t e r m e d i a t e  f o r m s  ( B r e y e r , 1 9 8 3 ) . D i m e n s i o n s  o f  t he 

M i n i u m  Qu ar r y  P r o c am e l u s  p l o t  o u t s i d e  t h e  g e n e r i c  f i e l d s  

o f  b o t h  A l f o r ja s  a n d  p r e v i o u s l y  k no wn Pr o c am e l u s  �· 

( Fi g s . 6 - 9 ) ,  o v e r l a p p in g  o n l y  s l i g ht l y  w i t h  t h e  l a t t e r  

i n  t o ta l  m e t a t a r s a l  l e n g t h  v s . d i s t a l  w i d t h  ( F i g . 6) . 

I c o n s i d e r  t hi s  r e s u l t  t o  b e  a n  e x t e n s i o n o f  t h e  

Came l i n ae mo r p h o t y p e  t ha t  c o n s i s t s  o f  t h e  " s t o c k y '' t a x a  

P r o cam e l u s , Me g a t vl o p u s ,  a n d  T i t ano t y l o p u s . R e c e n t  

a d d i t i o n s  t o  t he Cam e l i n a e  ( H a r r i s o n , 1 9 8 5 )  a r e  s t i l l  

p o o r l y  k n o wn , a n d  u n e v a l u a t e d  i n  t h i s c o n t e x t . The 

d i f f e r e n t i a t i o n  o f  t h e M i n i u m  Qu a r r y  P r o c a m e l u s  i s  mo r e  

a p p a r e n t  whe n  i t s  m e t a p o d i a l  d i m en s i o n s  a r e  p l o t t e d  

a g a i n s t  t h o s e  o f  o t h e r  ea r l y  H e m p h i l l i a n  ( F i g . lO a )  a n d  

l a t e  H em p h i l l i a n  f o rm s  ( Fi g . lO b ) ,  wh i c h  s u g g e s t s  t ha t  

t hi s  t ax o n  i s  d i s t i n c t  f r o m  o t he r  g e n e r a  i n  b o t h  t i m e  

p e r i o d s . T hi s  ana l y s i s  s u gg e s t s  t h a t  t he M i n i um Qu a r r y  

P r o c a m e l u s  r e p r e s e n t s  a new s p e c i e s  t ha t  may b e  c l o s e l y  

re l a t e d  t o  M e ga t y l o p u s . 



Megatylopus cf. M. gigas Matthew and Cook, 1909 

Figures 2e-f, 11 
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Materials.-- 7815, partial dentary and associated 

right dp3; 9008, partial left Ml; 9338, partial left m3; 

8410, left M3; 8978, distal end of tibia; 8106, distal 

trochlear surface of metapodial; 8211, distal end of 

metapodial; 8684, right astragalus; 8000, right cuboid; 

8040, left calcaneum; 8041, right calcaneum; 8951, left 

navicular; 7843, first 

phalange. 

Description.-- A very large camel, this taxon is 

distinguished from Aepycamelus in that it is more stout, 

and has a "w"-shaped suspensory ligament scar. It is 

distinguishable from the Minium Quarry Procamelus by its 

larger size. Positive assignment to a species awaits 

the recovery of a p3 to determine whether the roots are 

fused or unfused (Webb, 1965), although this character 

may be highly variable (Bennett, 1979; Leite, 1986). 

The LMl (9008), LM3 (8410), and Lm3 (9338) are all 

moderately hypsodont, and lack any evidence of lama 

buttresses (Webb, 1965). However, the styles and ribs 

of the LMl are well developed, which suggests the 

specimens can be referred to M. gigas rather than M. 

matthewi (Webb, 1965; Bennett, 1979; Leite, 1986). The 

Rdp3 (7815) is complete, well preserved, and in a 

moderate state of wear (Fig. 2e-f). The tooth is 



simple, triangular, has a single fossetid, and is 

moderately hypsodont. 

21 

The first phalange (7843) is complete and well

p reserved except for some chipping on the right side of 

the area to which the suspensory ligament attached (Fig. 

1 1 ) . The proximal articular surface is concave, with a 

pronounced ventral excavation. The roughened posterior 

surf ace for the insertion of the suspensory ligaments 

cover only the proximal third of the phalange and is "w" 

-shaped, resembling that of Camelus, Titanotylopus 

(Breyer, 1974), and the specimen of ?M. coch rani 

figured by Voorhies and Corner (1986). The distal 

articular surface advances equidistantly dorsally and 

ventrally. The distal trochlea is somewhat restricted 

dorsoventrally. 

The left and right calcanea (8040, 8041) both 

measure 67 mm anteroposteriorly and 156 mm in length, 

and may represent the same individual. These calcanea 

are more slender, less robust, and longer than those of 

Alforjas or Camelops, and lack several Camelops-Alforjas 

synapomorphies (Webb, 1965; Harrison, 1979). The tuber 

calcis is capped by a smooth convex surface as in 

Camelops and Lama, but lacks the the curved transverse 

crest of the former, in which it closely resembles the 

condition in Camelus (Breyer, 1974). The cuboid facet 

is narrower than in Camelops. 
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T he d i s t a l  e n d  o f  t he m e t a p o d i a l  ( 8 2 1 1 )  i n c l u d e s  

b o t h t r o c hl e a r s u r f a c e s  a n d  a p p r o x i m a t e l y  2 0  c m  o f  

s ha f t . The d i s t a l  w i d t h  f a l l s w e l l  w i t hi n  the r a n g e o f  

m e a s u r e m e n t s  o f  M e ga t y l o pu s r e p o r t e d  b y  B r e y e r  ( 1 9 8 3 ) . 

G e n .  e t  s p .  i n d e t . 

Ma t e r i a l . -- 7 9 0 0 , 7 9 4 3 , 8 6 1 4 ,  3 p a r t i a l  p r o x i m a l  e n d s  

o f  f i r s t  p ha l a n g e s . 

De s c r i p t i o n . -- T he p r o x i m a l  a r t i c u l a r  s u r fa c e i s  a l l  

t ha t  r em a i n s  o f  t he s e  t hr e e  f i r s t  p ha l a ng e s . The 

a r t i c u l a r  s u r f  a c e  i s  s l i g ht l y  s ma l l e r  t ha n  the m a x i m u m  

p r o x i m a l  w i d t h .  A s  i n c o m p l e t e  a s  the s e  s p e c i m e n s  a r e , 

i t  is d i f f i cul t t o  infer m u c h a b o ut their affinities 

e x c e p t  t ha t  t he c am e l  w a s  o f  m e d i um a n d  s l e n d e r  b u i l d .  

C ONCLUS I ONS 

I n  a d d i t i o n  to  i t s  b i o s t r a t i g r a p hi c  u s e , the 

b i o me t r i c  a n a l y s i s  o f  c am e l  m e t a p o d i a l s  i s  a p r a c t i c a l  

m e a ns o f  a s s i g n i n g  N e o g e n e  c a m e l i d s  t o  t he c o r r e c t  

g e n e r a  whe n  c r a n i a l  o r  d e n t a l  mat e r i a l s  a r e  a b s e n t . 

Whe n c o m b i n e d  w i t h  t he d e s cr i p t i on o f  c a m e l i d  me t a p o d i al 

o s t e o l o g y , b i o m e t r i c  a n a l y s i s  b e c o me s a v a l ua b l e  

s y s t em a t i c  t o o l , c o r r o b o r a t i n g  t he v a l i d i t y  o f  

o s t e o l o g i ca l  d i f f e r e n c e s . I t s  u s e  c a n  b e  e x p a n d e d  t o  

o t he r  g e n e r a  o f  c a m e l s , a n d  s i m i l a r  a p p l i c a t i o n s  s ho u l d  

b e  a t t e m p t e d  f o r  o t he r  mamma l i a n  f am i l i e s . 

T h e  a b i l i t y  t o  d i f f e r e n t i a t e  b e t w e e n  A l f o r ja s  a n d  

P r o c a me l u s  i n  e a r l y  H e m p hi l l i a n  f a un a s  s ho u l d  a l l o w a 
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b e t te r  u n d e r s t a n d i n g  o f  t he i r  i n d i v i d u a l  

b i o s t r a ti g r a p hi c  a n d  p a l e o b i o g e o g r a p h i c  ran g e s , a s  w e l l  

a s  make t he i r  i d e n t i f i c a t i o n  e a s i e r . T h e  p r e s e n c e  o f  a 

l a r g e  P r o c am e l u s  i n  t h e  Ea r l y  H e mp h i l l ia n  o f  n o r th 

c e ntr a l  K a n s a s  s u g g e s t s  th a t  th i s  ta x o n m a y  ha v e  

a f f in i t i e s  t o  o the r l a r g e  c am e l i n e s  s u c h  a s  Me g a ty l o p u s , 

a n d  a m o r e  p r o m i n e n t  r o l e  i n  l a t e r  N e o g e n e  f a u n a s  t h a n  

h a s  b e e n p r e v i o u s l y  s u s p e c te d . S ho u l d  m o r e  ma te r i a l  o f  

t he M i n i u m  Q u a r r y  P r o c a m e l u s  b e  r e c o v e r e d , r e l a ti o n s h ip s 

wi t h i n  t he l a t e  N e o g e n e  Cam e l i n a e  ma y b e  c l a rif ie d . 

A CK N OW L E D G MENTS 

I t ha n k  P e te a n d  D o r i s  M i n i u m o f  Mo r l and , 

K a n s a s ,  f o r  t he i r  c o o p e r at i o n  d u r i n g  the e x c a v a ti o n  o f  

t h e ir p r o p e r t y . I tha n k  C h a r l o tte K e i th f o r  b r in g i n g  

t h e  s i te t o  the a tt e n t io n  o f  M .  E .  N e l s o n , who th e n  

i n f o r m e d  J .  R .  T ho m a s s o n  a n d  R .  J .  Za k r z e ws k i  o f  th e 

s i t e  a n d  i t s p o te n t i a l . I tha nk F r o s ty a n d  A l i c e  P a u l  

o f  Mo r l a n d , K a n s a s , f o r  th e i r  s u p p o r t  d u r i n g  th e tw o 

f i e l d  s e a s o n s  o f  e x c a v a tio n , a n d  th e F HS U  f i e l d  c r e w s  

f o r  th e i r  h e l p . I th ank R .  J .  Za k r z e ws k i  and 

J. R .  Thom a s s o n  fo r p r o v i d i n g  m e  w i t h  th e o p p o r tun i ty to 

p a r t i c i p a t e  i n  t he e x c a v a t i o n  o f  t he q u a r r y . I am 

e s p e c i a l l y  g r a t e f u l  to R .  J .  Z ak r z ew s k i  for hi s g u i d a n c e  

a n d  s u g g e s t i o n s  d u r i n g  t h e  s t u d y . I t hank M .  E .  N e l s o n  

a n d  G .  R .  Co r n e r  f o r  s ha r i n g  the i r  k n o w l e d g e  o f  cam e l s . 

I thank R .  J .  Z a k r z e w s k i , R .  H .  Te d f o r d , and  M .  R .  
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Vo o r hi e s  f o r  the o p p o r tun i ty to s tu d y  s p e c i men s i n  the i r  

c a r e . I tha nk R .  M .  Hu n t  a n d  G .  R .  C o r n er f o r  p r o v i d i n g  

a c c e s s  to the Un i v e r s i ty o f  N e b r a sk a  S tate Mu s e um 

c o l l e c ti o n s . R .  J .  Z a k r z e w s k i , J .  R .  C ho a te , M .  E .  

N e l so n , K .  R .  N e u ha u s e r , a n d  J. R .  Thomass o n  c r i ti c a l l y  

r e a d  the man u sc i p t . The e x c a vati o n  o f  the M i n i u m  Quar r y  

wa s su p p o r te d  b y  N a ti o n a l  G e o g r a p hi c  S o c i e ty G r a n ts 

3 0 92 - 8 5  a n d  3 3 1 5 - 8 6  to J .  R .  Thoma sso n .  

Re f e r e n c e s  C i te d  

B e n n e tt, D .  K .  1 9 7 7 .  Pa l e o n to l o g y , p a l e o e c o l o g y , a n d  

b i o s tr a ti g r a p hy o f  the Rhi n o c e r o s  Hi l l  fauna 

( He m p hi l l ia n : l a te st M i o c e n e ) an d se d im e n t o l o g y  o f  

the e n c l o si n g  O g a l l a l a  F o rmati o n  Ash Ho l l o w  m e m b e r ,  

Wa l l a c e  C o u n ty , K a n sa s .  Un p u b l i she d M .  S .  the si s, 

Un i v e r si ty of K a n sa s , 2 0 9  p .  

B e n n e tt, D .  K .  1 9 7 9 . The f o ssi l f a u n a  f r o m  t he L o s t  

a n d  F o u n d  Qua r r i e s  ( He m p hi l l i a n : l a test M i o c e n e ) ,  

Wa l l a c e  C o u n ty , K a n sas.  O c c asi o n a l  P a p e r s  o f  the 

Un i v e r si ty o f  K a n sa s  Mu s e um o f  N a tu r a l  Hi sto r y , 7 9 : 1 -

2 4 . 

B r e y e r , J .  A .  1 9 74 . Exa m i n a ti o n  o f  se l e c ted p o st-

c r a n i a l  e l e m e n ts i n  P l e i s to c e n e  c am e l i d s . Un i v e r si ty 

o f  Wy o m i n g  C o n tr i b u ti o n s  to G e o l o g y ,  1 3 : 7 5 - 8 5 . 

B r e y e r , J .  A .  197 7 . I n tr a - a n d  i n te r s p e c i f i c  v a r i a ti o n  

in the l ow e r  j aw o f  He m i a u c he n i a . J o u r n a l  o f  

Pal e o n to l o g y , 5 1 : 5 2 7 - 5 3 5 . 
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B r e y e r , J .  A .  1 9 8 3 . T h e  b i o st r a t i g r a p h i c  u t i l i t y  o f  

c a m e l  m e t a p o d i a l s. J o u r n a l  o f  P a l e o n t o l o g y , 5 7 : 3 0 2 -

3 0 7 . 

Da l q u e st ,  W.  W.  1 9 8 0 . Came l i d a e  f r o m  t h e  C o f f e e  Ranch 

l o c a l  f a u n a  ( He m p h i l l i a n  a g e ) of  Te x a s . J o u r n a l  o f  

P a l e o nt o l o g y , 54 : 1 0 9 - 1 1 7 .  

D a l q u e st ,  W. W .  1 9 8 5 . Mamma l s  o f  t h e  C o f f e e  Ra n c h  

He mp h i l l i a n  o f  Tex a s .  U n i ve r si t y  o f  Te x a s  P e a r c e 

S e l l a r d s  S e r i e s, 3 8 : 1 -4 1 . 

Gr e g o r y , J. T.  1 9 4 9 . P l i o c e n e  v e r t e b r a t e s  from B i g  

S p r i n g  Can y o n , S o u t h  Dak o t a . Uni v e r si t y  o f  

C a l i f o r n i a  B u l l e t i n , D e p ar tm e n t  o f  G e o l o g i c a l  

S c i e n c e s, 2 6( 4 ) : 3 0 7 - 4 4 6. 

Ha r r i so n , J. A .  1 9 7 9 . R e v i si o n  o f  t h e  C am e l i na e  

( A r t i o d a c t y l a , Ty l o p o d a ) a n d  d e sc r i p t i o n  o f  t h e  n e w 

g e n u s  A l f o r ja s .  Un i ve r si t y  o f  K a n sa s  Pa l e o n t o l o g i c a l  

C o n t r i b u t i o n s ,  95 : 1 - 2 0 . 

Ha r r i so n ,  J.  A .  1 98 5 . G i a n t  c a me l s  f r o m  t h e  G r e a t  

P l a i n s  C e n o z o i c . Smi t h so n i a n  Co n t i b u t i o n s  t o  

P a l e o b i o l o g y , 5 7 : 1 - 2 9 . 

Hi b b a r d , C .  W. 1 9 63 .  Ta n u p o l a ma ve ra ( Ma t t h e w ) f r o m  

t h e  l a t e  Hem p hi l l i a n  o f  B e a v e r  C o un t y , O k l a h o m a . 

T r a n sa c t i o n s  o f  t h e  Kansa s  A c a d em y  o f  S c i e nc e , 

6 6 : 2 67 - 2 6 9 .  

LaGa r r y , H .  E .  1 9 8 7 .  Came l i d a e  ( Mamma l i a : 

A r t i o d a c t y l a ) f ro m  the M i n i u m  Qua r r y  l o c a l  b i o t a  



( E a r l y  He m p hi l l i an ) , G r a ham C o u n ty ,  Kan s a s . Kan s a s  

A c a d emy o f  S c i e n c a  A b s tr a c ts , 6: 2 9 . 
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L e i t e , M .  B .  1 9 8 6. N e o g e n e  s tr a ti g r a p hy a n d  v e r te b r a te 

p a l e o n to l o g y  o f  t he n o r th s i d e  o f  Lake  M c C o n a u g hy , 

K e i th C o u n ty ,  N e b r a s k a . Un p u b l i s he d  M .  S .  the s i s , 

Un i v e r s i ty o f  N e b r a s k a-L i n c o l n , 1 65 p .  

M e r ri am , D .  F .  1 9 63 . The g e o l o g i c  hi s to r y  o f  Kan s a s . 

Ka n s a s  G e o l o g i c a l  S u r v e y  B u l l e ti n , 1 62 :1 - 3 1 7 .  

T homa s s o n , J .  R .  1 9 7 9 . L a te C e n o z o i c  g r a s s e s  a n d  o the r 

an g i o s p e r m s  f r om K a n s a s , N e b r a s k a , a n d  C o l o r a d o . 

Kan s a s  G e o l o g i c a l  S u rv e y  B u l l e ti n , 2 1 8 : 1 -68 . 

T homa s s o n , J .  R . , M .  E .  N e l s o n , a n d  R .  J .  Zak r z e ws ki . 

1 9 8 6. A f o s s i l  g r a s s ( G r a m i na e a : C hl o r i d o i d a e a ) f r o m  

the M i o c e n e  w i th K r a n z  a n a to m y . S c i e n c e , 2 3 3 : 8 7 6-

87 7 .  

Thom a s s o n , J .  R . , a n d  R .  J .  Z a k r z e w s k i . 1 9 8 7. M i n i u m 

Q u a r r y  l o c a l  b i o ta ( Ea r l y  He m p hi l l i an ) , G r a ham 

C o u n ty ,  n o r th- c e n tr a l  K a n s a s .  J o u r n a l  of V e r te b r a t e  

Pa l e o n to l o g y  A b s tr a c ts S u p p l e m e n t  [ a d d i ti o n a l  

a b s tr a c ts ] ,  7 ( 3 ) : 1 A -3 1 A  

Vo o r hi e s , M .  R . , a n d  R .  G .  C o r n e r . 1 9 8 6. 

M e g a tyl o p u s ( ?) c o c hrani  ( Mamma l i a : Came l i d a e ) :  A r e 

e v a l ua ti o n  J o u r n a l  o f  Ve r te b r a t e  Pa l e o n t o l o g y , 

6 : 65 - 7 5 . 

We b b , S .  D .  1 9 65 .  The o s t e o l o g y  o f  Came l o p s . B u l l e t i n 

L o s  A n g e l e s  C o u n t y  Mu s e u m  o f  S c i e n c e ,  1 : 1 -5 4 . 
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We b b , S .  D .  19 7 4 .  P l e i s t o c e �e L l am a s o f  F l o r i d a , w i t h  

a b r i e f  r e v i ew o f  t he Lami n i , p p . 1 7 0-2 1 3 ,  i n  

P l e i s t o c e n e  Mamma l s  o f  F l o r i d a  ( S .  D .  We b b , e d . ) . 

Un i v e r s i t y  o f  F l o r i d a P r e s s , 2 7 0  p. 

We b b , S .  D . , a n d  S .  C .  P e r r i g o . 1 9 8 4 . L a t e  C e n o z o i c  

v e r t e b r a t e s f r o m  Ho n d u r a s  a n d  E l  S a l v a d o r e . J o u r n a l  

o f  Ve r t e b r a t e  P a l e o n t o l o g y , 4 : 2 3 7 - 2 5 4. 
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Table 1 - Mcasucemen ts of rne tapocl i a l  d imens ions of taxa represen ted in Tex t-f igure 4 .  

Alfor jas 1 . 1 ta}'.'. on P roca melus sp.  nov. Procamelus grand i s3 

( Ha rri son , 1979) (Gregory , 1949) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N x S D  N x SD N x S D  

Metacarpals 

length 10 31 3 . 4  1 7 . 8 1 385 . 0  3 381 . 0  9 . 6  
prox . wid th 21 53 . 3  3 . 6  2 67 . 9 3 57 . 4  3 . 4  
shaft wid th 2 30 . 2  1 41 . 6  2 33. 3  
dis t .  wid th 9 69 . 1  4 . 1  1 86 . 7  3 79 . 3 3 . 5  

Metatarsals 

length 12 297 . 5  2 2 . 2  4 370 . 0  1 5 . 4 6 345 . 0  1 8 . 2  
prox . wid th 1 5 47 . 9 3 . 6  6 63 . 5  3 . 1  6 4 7 . 9  2 . 9 
sha ft  wid th 2 24 . 4  5 38 . 6  2 . 2  6 30 . 3  1 . 9 
dis t .  wid th 1 2  63 . 9  3 . 7  4 79 . 6  4 . 0  4 6 1 . 3  6 . 9  

1 .  from descript ion o f  type ma ter ial from Edson �arry 
2 .  includes specimens from Min iLun �arry 1 .  b . , Cambridge 1 .  f . , and Ogal lala Beac h  loc. 
3 .  from descript ion of type material from Big Spring Canyon 
N = number of specimens ; X = sample mean ;  SD= s tandard devia tion 



Table 2- Neogene camelid rnorphotypes , after Breyer (1983) . 
---------- ------------------------------- - --- - ---------------

Genus Age t-brphotype 
--------- ---- ------ ---- - -------------- ------- --- - - - ----------

Hemiauchenia E. Clarendonian to attenuate (short) 
Blancan 

AeEycamelus E. Clarendonian to 
E. Hemphillian 

at tenuate ( long) 

Alf orjas Late Hemphillian intermediate ( short)  

Procamelus E. Bars tovian to intermedia te (short)  
E.  Hemphillian 

Mega ty lo�s L. Clarendonian to intermediate ( long) 
L. Hemphillian 

c.ameloEs Irvingtonian stocky (short)  

Titano tyloEus L. Hemphillian 
L. Blancan 

to stocky ( long) 



TAP HONOMI C EVI DE N C E  FOR THE P R E D AT I O N  AND S CA VE N G I N G  OF 

TELEOCERAS ( R HI N O CEROT I DAE ) FROM T HE MIN IUM QUARRY 

LOCAL B I OTA OF N OR T H- C E NT R A L  K AN S A S  

Ha n n a n  E .  L a G a r r y  

D e p a r tm e n t  o f  Ea r th S c i e n c e s  

F o r t  Ha y s  S tate Un i v e r s i ty 

Ha y s ,  K a n s a s  67 60 1 

AB STRACT 

Fo s s i l  ( n o n- d e n ta l )  s p e c i m e n s  of  l ar g e  h e r b i v o r e s  ( > 1 0 0 

k g )  f r o m  th e e a r l y  He m p h i l l i a n  ( L ate Mi o c e n e ) M i n i u m  

Q u a r r y  l o c a l  b i o ta w e r e  e x ami n e d  f o r  ta p h o n o m i c  e v i d e n c e  

o f  p o s t-mo r tem i n f l u e n c e s  o n  the b o n e  d e p o s it. The 

s am p l e  c o n s i s ts o f  g e n e r a  r e p r e s e n ta ti v e  o f  a s a vanna 

l ik e  c l i m a te ,  a n d  i s  d om i n a te d  b y  the s em i - a q u ati c  

r h i n o c er o s  T e l e o c e r a s . The w e a the r i n g  s tate s  o f  the 

u n tr a n s p o r te d  b o n e  s am p l e  s u g g e s t  th a t  the b o n e  d e p o s i t  

i s  a n  attr i ti o n a l  a c c u mu l a ti o n  th a t  o c c u r r e d  i n  a s w a m p  

o r  mar s h  o v e r  a r e l a ti v e l y  l o n g  p e r i o d  o f  time ( 6- 1 5  

y e a r s  m i n imum ) .  Dama g e  to b o n e  mate r i a l  r e s u l ti n g  f r o m  

c a r n i v o r e  a n d  s c a v e n g e r  a c ti v i ty i s  wi d e s p r e a d  

thr o u g h o u t  th e s a m p l e , an d s u g g e s ts v a r y i n g  d e g r e e s  o f  

s c a v e n g i n g  a c ti v i ty . The a g e  p r o f i l e  o f  the T e l e o c e r a s  

p o p u l ati o n  i n d i c a te s  h i g hl y  s e l e c ti v e  m o r ta l i ty m a y  b e  

a ttr i b u ta b l e  to c a r n i v o r y . T he e v i d e n c e  f o r  c a r n i v o r e  

a n d  s ca v e n g e r  a c ti v i ty s u g g e s ts th at O s te o b o r u s , a 

m o r p h o l o g i ca l l y ,  a n d  p o s s i b l y  b e h a v i o r a l l y  hy a e n a - l i k e  



c a n i d , p r e y e d  u p o n  a n d  s ca v e n g e d  T e l e o c e r a s , a n d  may  

h a v e  b e e n  the  p r im a r y  b o n e  a c c umu l a t i n g  a g e n t  at  t h e  

s i t e . 
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I N T R OD U C T I O N  

B o n e  mate r i a l ,  i f  n o t  d e str o y e d ,  o f te n  is su b j e c te d  

t o  s u b a e r i a l  e x p o s u r e ,  p o s t -mo r t e m m o d i f i c ati o n  b y  o the r 

v e r t e b ra t e s , a n d  o t he r t a p h o n o m i c  p r o c e s se s  b e f o r e  b e i n g  

b u r i e d  a n d  su b se q u e n tl y  f o ssi l i z e d  ( Vo o r hi e s , 1 9 69 ;  

B e hr e n s m e y e r ,  1 9 75 ;  Hi l l ,  1 9 8 0 ) . O n c e  u n d e r sto o d , the 

e f f e c ts o f  the se p r e - b u r i a l  p r o c e sse s o n  b o n e  may 

p r o v i d e  a m e a n s  o f  r e c o n str u c t i n g  m a n y  f e atu r e s  o f  the 

l o ca l  p a l e o e n v i r o nm e n t . T h e  e f f e c ts o f  s u b a e r i a l  

w e a t h e r i n g  o n  b o n e  m a y  b e  r e f l e c ted i n  the natu r e  o f  the 

e n c l o si n g  se d i m e n ts , a n d  m a y  su p p o r t  i n te r p r e tati o n s  

b a s e d  o n  o the r ta p ho n o m i c  a n d  se d im e n to l o g i c  p he n o m e n a . 

P r e - b u r i a l  p r o c e ss e s ,  su c h  a s  t h e  p o st-m o r tem 

mo d i f i c a ti on o f  b o n e  b y  p r e d a t i o n  a n d  s c a v e n g i n g , can  

p r o v i d e  va l u a b l e  c l u e s  to the p a l e o e c o l o g y  o f  o r g a n i sm s  

a n d  ha b i ta ts.  

The e f f e c ts of  su b a e r i a l  e x p o su r e  on  mamm a l i a n  

b o ne h a v e  b e e n  i n v e sti g a te d  i n  t h e  r e c e n t  East A f r i c a n  

s a vannah ( B e hr e n sme y e r ,  1 9 75 ,  1 9 78 ;  Hi l l ,  1 9 76, 1 9 79 ,  

1 9 8 0 ; B e hr e n sm e y e r  e t  a l . ,  1 9 79 ;  B e hr e n sm e y e r  a n d  

D e c ha n t-B o a z , 1 9 8 0 ) , p r o v i d i n g  a m o d e l  w i th whi c h  to 

e v a l u a t e  p a l e o e n v i r o nm e n ts i n t e r p r e te d  a s  savanna- l i k e , 

su ch a s  t he M i o c e n e  o f  N o r t h  Am e r i c a  ( S h o twe l l ,  1 9 5 8 ; 

We b b ,  1 9 77) . S t u d i e s  o f  the p o s t -mo r t e m  m o d i f i c ati o n  o f  

v e r te b r a te b o n e  b y  t he p r e se n t - d a y  b i o ti c  e n v i r o n m e n t  

h a v e  f o c u se d  p r ima r i l y  o n  the d a m a g e  a n d  d i sar t i c u l a t i o n  
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c a u s e d  b y  t h e  p r e d a t i o n  a n d  s c a v e n g i n g  o f  l a r g e  

u n g u l a t e s  b y  c a r n i v o r e s , i n  v a r i o u s  c l i mat e s  a n d  

h a b i t a t s  ( M i l l e r , 1 9 6 9 ; S u t c l i f f e , 1 9 7 0 ; H i l l , 1 9 7 6 ; 

N o e -N y g a a r d , 1 9 7 7 ; Ha y n e s , 1 9 8 0 , 1 9 8 2 , 1 9 8 3 ) .  T o  d a t e , 

t h e s e s t u d i e s  o f  r e c e n t  p r e - b u r i a l  p r o c e s s e s  h a v e  b e e n  

a p p l i e d  t o  f o s s i l  f a u n a s  o f  t h e  N o r t h  Am e r i can 

P l e i s t o c e n e  ( Ha y n e s , 1 9 8 0 ) and  t h e  Late  C e n o z o i c  o f  

E a s t  A f r i c a ( Be h r e n s m e y e r , 1 9 7 5 ; No e -N y g aa r d , 1 9 7 7 ) . 

H e r e i n , I a p p l y  o u r  k n o w l e d g e  o f  t h e  e f f e c t s  o f  

s u b a e r i a l  e x p o s u r e  i n  m o d e r n  s a v a n n a h s  a n d  t h e  p o s t 

m o r t e m  mo d i f i c a t i o n  o f  mamma l i an b o n e  b y  p r e d a t i o n  a n d  

s c a v e n g i n g t o  t h e  l a r g e  u n g u l a t e  c o mmu n i t y  o f  t h e  M i n i u m  

Q u a r r y  l o c a l  b i o t a , a Mi o c e n e  ( e ar l y  H e m ph i l l i a n ) 

s a v a n n a h  a s s emb l a g e  f r o m  t h e  O g a l l a l a  G r o u p  o f  n o r t h

c e n t r a l  Kan s a s  ( Thom a s s o n  e t  a l . ,  1 9 8 6 ; Thom a s s o n  a n d  

Z a k r z e w s k i , 1 9 8 7 ; L a G a r r y , 1 9 8 7 , 1 98 8 ) . E v i d e n c e  o f  

w e a t h e r i n g , p r e d a t i o n , a n d  s c a v e n g i n g  a r e  a s s e s s e d  t o  

d e t e r m i n e  t h e  h a b i t at o f  a c c u m u l a t i o n , t h e  t im e  s p an 

o v e r  w h i c h  a c c u m u l a t i o n  may h a v e  o c c u r r e d , the i d e n t i t y  

o f  t h e  t a x o n  r e s p o n s i b l e  f o r  t h e  p o s t -m o r t e m 

m o d i f i c a t i o n  o f  t h e  b o n e  s am p l e , and  t h e  r o l e  o f  

p r e d a t i o n  a n d  s c a v e n g i n g  b e h a v i o r  i n  c o n t r i b u t i n g  t o  t h e  

a c c u mu l a t i o n  o f  t h e  l a r g e  u n g u l a t e  m a t e r i a l , o f  w h i c h  

t h e  p r i n c i p l e  c om p o n e n t  i s  t h e  s em i - a qu a t i c  r h i n o c e r o s , 

T e l e o c e ra s . A l l  v e r t e b r a t e  m a t e r i a l  f r o m  t h e  Mi n i um 

Q u a r r y  1 .  b .  i s  h o u s e d  i n  t h e  F o r t  H a y s S t e r n b e r g  Mu s e u m 
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V e r t e b r a t e  P a l e o n t o l o g y  c o l l e c t i o n s  ( FH S M  VP-) . 

THE M I N I UM QUARRY 

T h e  M i n i u m  Q u a r r y  is  l o c a t e d  3 . 7 5 k m  n o r thwe s t  o f  

M o r l a n d , K a n s a s  ( Fi g . I )  i n  t h e  O g a l l a l a  G r o u p , wh i c h  i s  

a c o m p l e x  a n d  r e g i o n a l l y  va r i e d  s y s t e m  o f  f l u v i a l  

s e d i m en t s  ( Me r r i am , 1 9 6 3 )  o f  M i o c e n e  a g e  ( Thom a s s o n , 

1 9 7 9 ) . Th e i n t e r n a l  s e d i m e nt o l o g i c  a n d  s t r a t i g r a p h i c  

r e l a t i o n s h i p s  o f  t h e  O g a l l a l a  G r o u p  h a v e  b e e n  w o r k e d  a n d  

r e w o r k e d  s e v e r a l  t i me s ( Fr y e  e t  a l . ,  1 9 5 6 ; Fr y e  a n d  

L e o n a r d , 1 9 5 9 ; F r y e , 1 9 7 1 ; B r e y e r , 1 9 7 5 ; S k inn er e t  a l . ,  

1 9 7 7 )  w i t h  l i t t l e  l a s t i n g  a g r e e m e n t  a b o u t  r e l a t i o n s h i p s  

( T hom a s s o n , 1 9 7 9 ; D i f f en d a h l , 1 9 8 0 , 1 9 8 2 , 1 9 8 4 , 1 9 8 5 ; 

D i f f e n d a h l  e t  a l . ,  1 9 8 5 ) . T h e  d ia c h r o n o u s  n a t u r e  o f  the  

O g a l l a l a  G r o u p  h a s  n e c e s s i ta t e d  t h e  u s e of  

b i o s t r a t i g r a p h i c  z o n e s  of  p l a n t s  ( Th o ma s s o n , 1 9 7 9 ) a n d  

mamma l s  ( T e d f o r d  e t  a l . ,  1 9 8 7 )  f o r  c o r r e l a t i o n  o f  b i o ta s  

a n d  s e d i m e n t s .  Th e a b u n d a n t b i o t a  o f  t h e  Miniu m Qua r r y  

i s  c on s i d e r e d  t o  b e  o f  Ear l y  Hem p h i l l i a n  a g e  ( La G a r r y ,  

1 9 8 7 ; T h o ma s s o n  a n d  Zak r z e w s k i , 1 9 8 7 ) . 

D e t a i l e d  s e d i me n t o l o g i c  a n d  s t r a t i g r a p h i c  ana l y s e s  

o f  the e n c l o s i n g  s e d i m e n t s  a t  t h e  M i n i u m Q u a r r y  a r e  i n  

p r o g r e s s  b u t  i n c o m p l e t e  ( J .  M .  Chur c h i l l , 1 9 8 7 , p e r s . 

c o mm . ) .  How e v e r , t h e y  are  p r imar i l y  o f  f l u v i a l  o r i g i n  

( Th o ma s s o n  e t  a l . ,  1 9 8 6 ) . T h e  r e l a t i o n s h i p s  o f  t h e  

e n c l o s i n g  s e d im e n t s  a t  t h e  M i n ium Qua r r y  a r e  c o mp l e x , 

b u t  b o n e  ma t e r i a l  i s  c o n c e n t r a t e d  p r i ma r i l y  i n  t w o  u ni t s  



( J .  R .  T h o m a s s o n , 1 9 8 8 , p e r s . c o mm . ) a n d  i s  p r e s e n t  i n  

s e v e r a l  o t h e r s  ( Fi g . 2 ) . T h r o u g h o u t  t h e  b o ne-b e a r i n g  
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i n t e r v a l  ( a p p r o x .  1 . 5  m )  a r e  s e v e r a l l i t h o l o g i c  b r e ak s , 

a n d  t h e  a b u n d a n c e  o f  w ea t h e r e d  b o ne r e c o v e r e d  s u g g e s t s  

t h a t  s o me o f  t h e s e  m a y  r e p r e s e n t  s u r f a c e s  o f  s u b a e r i a l  

e x p o s u r e  a n d  a c c umu l a t i o n . B e c a u s e  t h e  l i t h o l o g i c  

b r e ak s ma y r e f l e c t  p r o l o n g e d  ( i n  e c o l o g i c  t ime ) p e r i o d s  

o f  s u b a e r i a l  e x p o s u r e  a n d  a c c u m u l a t i o n  w h e r e  p r e -b u r i a l  

p r o c e s s e s  c o u l d  b e  r e c o r d e d  o n  e x p o s e d  b o n e , a n  ana l y s e s  

o f  wea t h e r i n g  d am a g e  s h o u l d  p r o v i d e  a m e a n s  o f  

r e c o n s t r u c t i n g  t h o s e  p r o c e s s e s . 

A N A L Y S I S  OF WE ATHER I N G  

I n  o r d e r  t o  e v a l u a t e  t h e  w e a th e r i n g  o f  mamma l ia n  

b o n e , t h e  a s s e s s e d  s am p l e  m u s t  b e  c o m p o s e d  o f  e l em e n t s  

that : I )  h a v e  b e e n  s u b -a e r i a l l y  ex p o s e d  f o r  s u f f i c i e n t  

e c o l o g i c  t im e  t o  r e c o r d t h e  e f f e c t s  o f  w e a t h e r i n g  

p r o c e s s e s ; 2 )  h a v e  s u r f a c e  a r e a s  l a r g e  e n o u g h  t o  r e c o r d  

w e a t h e r i n g  p r o c e s s  c h a r a c t e r i s t i c s ; 3 )  s ur v i v e  

w e a t h e r i n g  p r o c e s s e s  i n t a c t ; 4 )  sur v i v e  f o s s i l i z a t i o n  

p r o c e s s e s  i n t a c t ; a n d  5 )  r e p r e s e n t  t h e  s amp l e  a s  a who l e  

( B e h r e n s m e y e r , 1 9 7 8 ) . Cr i t e r i o n  ( 1 )  i s  d e p e n d a n t  o n  

n u m e r o u s  p a l e o e n v i r o nm e n t a l  f a c t o r s , a s  w e l l  a s  

s e r e n d i p i t y , a n d  e a c h  b o n e  s am p l e  mu s t  b e  eva l u a t e d  o n  

i t s  o w n  m er i t . C r i t e r i a  ( 2 )  t h r o u g h  ( 5 )  c an b e  

s a t i s f i e d  b y  e x ami n i n g  ma t e r i a l  a s s i g n e d  t o  t h e  l a r g e r  

a n d  m o r e  c o mmon c o m p o n e n t s  o f  t he mamm a l i an b o n e  s amp l e .  
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B e h r e n s m e y e r  ( 1 9 7 8 )  c a t e g o r i z e d  t h e  b o n e s  o f  

k n o wn-a g e  mammal c a r ca s s e s  o b s e r v e d  i n  t h e  Ea s t  A f r i c a n  

s a v a n n a h  i n t o  w e a t h e r i n g  s ta g e s  b a s e d  o n  p r o g r e s s i v e l y  

i n c r e a s i n g  amo u n t s  o f  we a t h e r i n g  d am a g e  ( Ta b l e  1 ) . The  

s a v a n n a h  s a m p l e  i s  b a s e d  on  t a x a  )5  k g  l i v e  b o d y  w e i g h t , 

a n d  i n c l u d e s  o n l y  n o n - d e n t a l  e l eme n t s .  D e n t a l  ma t e r ia l  

w a s  e x c l u d e d  b e c a u s e n o  c l e a r  p a t t e r n  o f  w e a t h e r i n g  w a s  

o b s e r v e d . Ca r c a s s e s  ) 5  k g  b o d y  wei g ht s u r vi v e d  s a v a nn a h  

w e a t h e r i n g  p r o c e s s e s  i n t a c t ( c r i t e r i o n  ( 2 ) ) ,  tho u g h  many 

of  the s ma l l e r b o n e s  may n o t  s ur v i v e  f o s s i l i z a t i o n  

p r o c e s s e s  i n t a c t ( c r i t e r i o n  ( 4 ) ) ( H i l l , 1 9 8 0 ) . 

The r e f o r e , s am p l e s  o f  f o s s i l  f au n a s  e v a l u a t e d  f o r  t h e  

e f f e c t s  o f  w e a t h e r i n g  s h o u l d  c o n t a i n  m a t e r i al f r o m  

l a r g e r  t ax a , t h e  s i z e  o f  wh i c h  w i l l  d e p e n d  u p o n  t h e  

d egree of preserv atio n within t h e  s a m p l e . 

The  mamm a l i a n  a s s e m b l a g e  o f  t h e  M i n i u m  Qua r r y  i s  

d o mi n a t e d  b y  l a r g e  u n g u l a t e s  > 1 0 0 k g  b o d y  w e i g h t  

( s a t i s f y i n g  c r i t e r i a  ( 2 )  t h r o u g h  ( 5 )  a b o v e ) , p ri ma r i l y  

t h e  s e m i -a q u a t i c  ( K u r t e n , 1 9 7 2 )  r h i no c e r o s  Te l e o c e r o s  

( T a b l e  2 ) . I n  o r d e r  t o  d i s t i n g u i s h  a n d  i s o l a t e  m a t e r i a l  

r e p r e s e n t i n g  l o c a l i z e d  c o n d i t i o n s , o n l y  m a t e r i a l  n o t  

t r an s p o r t e d  b y  f l u v i a l p r o c e s s e s  wa s a s s e s s e d  f o r  

we a t h e r i n g  d ama g e  ( Fi g . 3 ) . Ma t e r i a l  i n t e r p r e t e d  t o  b e  

u n t r a n s p o r t e d  s h o w s  n o  e v i d e n c e  o f  w e a r  p r o d u c e d  b y  

f l u v i a l  c o n d i t i o n s , s u ch a s  a b r a s i o n  b y  f l u v i a l l y - o r  

e o l i a n - t r a n s p o r t e d  s e d im en t .  I t  wa s o b s e r v e d  t h a t  



f l uv i a l  t r a n s p o r t  p a r t i a l l y  d e s t r o y s  w e a t h e r i n g  

c h a r a c e r i s t i c s , f u r t h e r  r e q u i r i n g  t h e  s e p a r a t i o n  o f  

p o s s i b l y  t ra n s p o r t e d  m a t e r i a l . T h e  r e m o v a l  o f  

t r a n s p o r t e d  ma t e r i a l  r e d u c e s  t h e  p o t e n t i a l  b ia s  o f  

i n f l u x  o f  ma t e r i a l  f r om o t h e r  h a b i t a t s .  A l s o , t e e t h  

h a v e  b e e n  e x c l u d e d f r o m  t h e  s am p l e  b e c a u s e  t h e i r  

r e s p o n s e  t o  wea t h e r i n g  p r o c e s s e s  i s  un c l e a r  

( B e h r e n s m e y e r , 1 9 7 8 ) . 

The  u n t r a n s p o r t e d  p o r t i o n  o f  t h e  u n g u l a t e  p o s t 

c r a n i a l  ma t e r i a l  f r o m t h e  M i n i um Q u a r r y  i s  i nt e r p r e t e d  

a s  h a v i n g  a c c u m u l a t e d  i n  a s a v a n n a - l i k e  e n v i r o n m e n t  

( T homa s s o n  a n d  Zak r z ew s k i , 1 9 8 7 ; LaGa rr y , 1 9 8 8 ) . Thi s 

m a t e r i a l  d i s p l a y s  many o f  t h e  w e a t h e r i n g  c h a r a c t e r s  
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( F i g .  4 )  d e s c r i b e d  b y  B e h r e n s m e y e r  ( 1 9 7 8 )  f o r  t h e  r e c e n t  

s a v a n n a h  a s s e mb l a g e  ( Ta b l e  I ) .  I n  p a r t i c u l a r , L a G a r r y  

( 1 9 8 8 ) f o u n d  that , when  as s i g n e d  t o  w e a t h e r i n g  s t a g e s ,  

t h e  M i n ium Q u a r r y  lar g e  un g u l a t e  s am p l e  ( F i g . 5 )  c l o s e l y  

r e s e mb l e s  t h a t  wh i c h  a c cumu l a t e d  i n  a s wamp o n  a r e c e n t  

s a v annah ( F i g . 6 ) . A K o lmo g o r o v- S m i r n o v  c ompa r i s o n  

y i e l d s  a z v a l u e  o f  0 . 2 1 2 ,  d e m o n s t r a t i n g  a n  e x t r e me l y  

c l o s e  c o r r e l a t i o n  b e t w e e n  t h e  two  s a m p l e s . Th i s  

r e l a t i o n s h i p s u p p o r t s  t h e  i n t e r p r e t a t i o n s  o f  Th oma s s o n  

e t  a l . ( 1 9 8 6 ) a n d  Thoma s s o n  a n d  Zak r z ew s k i ( 1 9 8 7 ) , who 

s u g g e s t e d  the p r e s e n c e  of s t a n d i n g  w a t e r  b a s e d on t h e  

a b u n d a n c e  o f  a q u a t i c  p l a n t  t a x a  s u ch a s : s e d g e s  ( 3  

s p e c i e s ) ;  Ca r e x , Cyp e r o c a r pu s , a n d  E l e o f i m b r i s  
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(Cyper aceae) ; L imnocarpus (Potamogeton aceae ) ; a nd 

Chenopodium (Chenopodi aceae ) .  Beh rensmeyer (1978 ) 

poi nted out that the dense wood l a nd s a v a n n a  h abitat 

p roduces a weather i n g  prof i l e  sim i l a r  to that of the 

sa v a n n a h  swamp (Fig. 6 ) .  However , compa r ison of the 

Mi n ium Qua r r y  sample to that of the sa v a n n a h  woodland 

yields a z v a l ue of 0. 707, i ndicat i ng l ess simi l ar ity 

between the two samples. Cha r acte r i stic of both 

sa v a n n a h  h abitats i s  relati vely h i gh humi dity a nd shade, 

w h i ch Beh rensmeyer ( 1 978) suggests may be the factors 

control l ing the r ates of bone weather i n g  a nd decay. 

If simi l a r  r ates of weathe r i n g  ca n be a ssumed, the 

presence of stage 4 and 5 mater i a l  suggests that 

some of the bone recovered from the M i n i um Qua rry was 

subaer i a l l y  exposed for a m i n imum of 6 yea rs (La G a r ry, 

1 988 ) .  

Exami ned i nd i v i dua l ly, the three fami l ies of l a rge 

ungulates represented i n  the sample show ma rkedly 

di fferent weather i ng profi les (Fig. 7 B-D ) a nd, 

therefore, it i s  reason able to assume different 

processes affected each taxon. The even distr ibuti on of 

weather i ng stages exh ibited by the camel bones (Fig. 7 C )  

w a s  not obser ved i n  t h e  r ecent sa v a n n ah assembl age (Fig. 

7 A ) , and no expl a n atory model exists. This even 

distribution m ay simply be a n  a rtifact of sma l l  sample 

size (5 ind i v i dua l s ) ,  or a per iodi c  mortal ity event th at 
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c o n t r i b u t e d  c a r c a s s e s  a t  i n t e r v a l s t h a t  m a t c h e d  

w e a t h e r i n g  r a t e s . T h e  a b u n d a n c e  o f  w e a t h e r i n g  s t a g e  1 

m a t e r i a l  ( 6  i n d i v i d u a l s ) e x h i b i t e d  b y  t h e  h o r s e s  ( Fi g . 

7 D ) m a y  r e f l e c t  a m a s s m o r t a l i t y  e ve n t , s u ch a s  a 

d r o wn i n g , t h a t  p r o d u c e d  a l a r g e  numb e r  o f  car c a s s e s  o f  

t h e  s am e  a g e  ( s e e  V o o r h i e s ,  1 9 6 9  f o r  a n  e x am p l e ; 

B e h r e n s m e y e r , 1 9 7 8 ) . N e i t h e r  t h e  came l n o r  t h e  h o r s e  

w e a t h e r i n g  p r o f i l e s  r e s em b l e  t h at o f  t h e  a t t r i t i o n a l  

a c c umu l a t i o n  o b s e r v e d  i n  t h e  r e c en t  s a va n n a h  ( Fi g . 7 A ) . 

H o w e v e r , t h e  w e a t h e r i n g  d i s t r i b u t i o n  o f  t h e  d o m i n a n t  

T e l e o c e r a s  p o p u l a t i o n  ( F i g . 7 B ) d o e s ( z =  0 . 4 2 4 ) . Thi s 

s u g g e s t s  t h a t  t h e  r h i n o c e r o s  s am p l e  i s  a t t r i t i o n a l  a n d  

l o c a l l y  a c c u mu l a t e d , wher e a s  t h e  cam e l  a n d  h o r s e  

m a t e r i a l  m a y  h a v e  a c c u mul a t e d b y  d i f f e r e n t  p r o c e s s e s . 

T h e  r h i n o c e r o s  p o p u l a t i o n  c a n  t h e r e f o r e  b e  f u r t h e r  

a s s e s s e d  a s  t o  l o c a l a g e n t s  o f  p o s t -m o r t e m b o n e  

m o d i f i c a t i o n . 

A N A L Y S I S  OF B ONE MOD I F I C AT I ON 

P r e - b u r i a l  mo d i f i c a t i o n  o f  b o n e  m a t e r i a l  b y  n o n 

w e a t h e r i n g  p r o c e s s e s  i s  c o mm o n  i n  t h e  M i n ium Quar r y  

l a r g e  u n g u l a t e  s am p l e , a n d  i s  p r e s e n t  i n  s e v e ra l f o r m s  

( T a b l e  3 ) . T h e  m o s t  c o mm o n  f o rm o f  p o s t -m o r t e m  dama g e  

i s  that  c a u s e d  b y  t h e  s e c r e t i o n  o f  a c i d  b y  p l an t r o o t s  

( F i g . Ba ) .  B e h r e n s m e y e r  ( 1 9 7 8 ) n o t e d  t h a t  dama g e  o f  

t h i s  t y p e  i s  c o mmo n o n  c a r c a s s e s  e x p o s e d  s u b a e r i a l l y  o n  

t h e  r e c e n t  s a v a n n a h , a n d  i t s d om i n a n c e  i s  p r i m a r i l y  a 
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f a c t o r  o f  p r e v a i l i n g  m i c r o h a b i t a t  c o n d i t i o n s  s u c h  a s  

s h a d e  a n d  m o i s t ur e . T o  what d e g r e e  t h e s e f a c t o r s  

c o n t r o l  d a ma g e  o f  t h i s t y p e  i s  p r e s e n t l y  u n k n o wn . T h e  

o t h e r  t y p e s  o f  d amag e p r e s e n t  i n  t h e  M i n i u m  Q u a r r y  

s am p l e  i n c l u d e : g o u g i n g  a n d  p i t t i n g  o f  c o m p a c t  b o n e ; 

s e t s  o f  p a r a l l e l  a n d  n o n - p ar a l l e l  s h a l l o w  s cr a t c h e s ; 

s p i r a l  f r a c t u r i n g ; n i c k s  a n d  s c r a p e s  a t t r i b u ta b l e  t o  

t r a m p l i n g ; a n d  b u rr o w i n g  i n  b o n e  b y  i n s e c t l arva e . 

P o s t -mo r t e m  d am ag e  i s  m o s t  c o mm o n  i n  t h e  l a r g e s t  s e g m e n t  

o f  t h e  u n g u l a t e  s am p l e , t h e  T e l e o c e r a s  p o p u l a t i o n . T h i s  

c o n s i d e r a t i o n , a s  we l l  a s  t h e  p r o b a b i l i t y t h a t  t h e  

T e l e o c e r a s p o p u l a t i o n  a c c u mu l a t e d  l o c a l l y  b y  a t t r i t i o n a l  

p r o c e s s e s , s u g g e s t s  t h a t  a n a l y s i s  o f  d am a g e  p r e s e n t i n  

t h e  T e l e o c e r a s  s e gm e n t  o f  t h e  s a m p l e  m a y  i n d i c a t e  

c o n d i t i o n s  p r e v a l e n t a t  t h e  s i t e  o f  a c c u mu l a t i o n . 

A n a l y s e s  o f  p o s t - m o r t e m  dam ag e i n d u c e d  b y  c a r n i v o r y  ma y 

i n d i c a t e  t h e  i d e n t i t y  a n d  c e r t a i n  a s p e c t s  o f  t h e  

b e h a v i o r  o f  t h e  ma j o r  p r e d a t o r  o r  s c a v e n g e r  at t h e  s i t e  

o f  a c c u mu l a t i on . T h e  f o l l ow i n g  d i s cu s s i o n  w i l l  a t t e m p t 

t o  r e s o l v e  t h e  i d e n t i t y  o f  t h e  b o n e  m o d i f y i n g  taxa  o r  

t a x o n , a n d  d e t e r mi n e  t o  wha t  e x t e n t  t h e  b eh a v i o r  o f  t h e  

c a r n i v o r e  c o n t r i b u t e d  t o  t h e  a cc umu l a t i o n  o f  t h e  M i n i u m  

Q u a r r y  l a r g e  u n g u l a t e  s amp l e . 

Two t y p e s  o f  d ama g e  c a nn o t  b e  a t t r i b u t e d  t o  

c a r n i v o r y  a n d  s c a v e n g i n g . The  f i r s t  t y p e  i s  r e p r e s e n t e d  

b y  two s pe c i m e n s  t h a t  e x h i b i t  i r r e g u l a r , s ha l l o w  g r o o v e s  
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i n  c a n c e l l o u s  b o n e  ( Fi g . S b ) s i m i l a r  t o  t h o s e  p r o d u c e d  

b y  t h e  l a r va l  f o rm o f  t he m o t h  T i n e a  ( Be h r e n s m e y e r , 

1 9 7 8 ) . Th e s e  g r o o v e s  s u g g e s t  t h a t  i n s e c t s  w e r e  a n  

a c t i v e  p a r t  o f  p r e - b u r i a l  d e c a y  p ro c e s s e s  a t  t h e  M i n i u m  

Q u a r r y  a n d  a d d  a n e w  o r g a n i s m  t o  t h e  f a u n a l  l i s t . A l s o  

p r e s en t  i s  e v i d e n c e  o f  t r am p l i n g . T h i s  d amag e i s  

ma n i f e s t e d  a s  s ma l l , c r e s c e n t - s ha p e d  s e t s  o f  p a r a l l e l  

s c r a t c h e s . T h o m a s s o n  e t  a l . ( 1 9 8 6 )  a t t r i b u t e d  s om e  

s e d i m e n t a r y  s t r u c t u r e s  p r e s e n t  a t  t h e  M i n i u m  

Qu a r r y  t o  t r am p l in g . A l s o  p r e s e nt w e r e  s e v e r a l  b o n e s  

o r i e n t e d  i n  n e a r l y  v e r t i c a l  p o s i t i o n s  w i t h i n  t h e  

s u b s t r a t e . T h i s s u g g e s t s a s o f t s u b s t r a t e , s u c h  a s  

wo u l d  b e  e n c o u n t e r e d  n e a r  s ta n d i n g  o r  s e mi- p e r ma n e n t  

wa t e r . C l e a r  e v i d e n c e  o f  t r a m p l in g  f r o m  b o n e  d ama g e  i s  

m i n i ma l , h o w e v e r . 

Dama g e  a t t r i b u t a b l e t o  c a r ni v o r e s  o r  s c a v e n g e r s  i s  

t h e  m o s t p r e va l e n t  f o r m  o f  b o n e  mo d i f i c a t i o n , a n d  va r i e s  

i n  f o r m . Two f o r m s , s c r a t c h i n g  a n d  s p i r a l  f r a c t u r i n g , 

a r e  d i f f i c u l t  t o  a s s es s  f o r  s e v e ra l  r ea s o n s . S p i r a l  

f r a c t u r i n g  r e s u l t s  w h e n  o p p o s i n g  t o r q u e s  a r e  a p p l i e d  t o  

o p p o s i t e  e n d s o f  a b o n e  ( Fi g . 9 a ) . Thi s t y p e  o f  

f r a c t u r e  i s  t h e  p r o d u c t  o f , a n d  c a n  b e  a t t r i b u t e d  t o , 

many  s p e c i e s o f  b o n e - u t i l i z i n g  s c av e n g e r s  a n d  p r e d a t o r s , 

i n c l u d i n g  man  ( S u t c l i f f e , 1 9 7 0 ; H i l l , 1 9 7 6 ; N o e - N y g a a r d , 

1 9 7 7 ; Ha y n e s , 1 9 8 0 , 1 9 8 3 ) . A s  s u ch , a p a r t i c u l a r  tax o n  

c a n n o t  b e  c i t e d  a s  t h e  c a u s e  u n t i l  t he s e  p r o c e s s e s  a r e  
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b e t t e r  u n d e r s t o o d . Thi s i s  b e s t  i l l u s t r a t e d  b y  t h e  

f r e q u e n t  a s s i g n m e n t  o f  s p i r a l l y  f r a c t u r e d  b o n e  c a c h e s  i n  

E a s t  A f r i c a  t o  P l i o c e n e  a n d  P l e i s t o c e n e  h o m i n i d s ,  wh i c h  

w e r e  l a t e r  f o u n d  t o  h a v e  b e e n  a c c umu l a t e d  b y  h y a e n a s  

( H i l l , 1 9 7 6 ) . S c r a t c h i n g  o f  b o n e  b y  c a r n i v o r e s  ( F i g . 

9 b )  i s  e a s i l y  d i s t i n g u i s ha b l e  f r o m  t h a t  c au s e d  b y  

s e d i m e n t a r y  p r o c e s s e s  ( S u t c l i f f e , 1 9 7 0 ; H a y n e s ,  1 9 8 0 , 

1 9 8 3 ) , b u t  i s  a l s o  n o n d i a g n o s t i c , a s  t h i s  d a ma g e  i s  

k n o wn t o  b e  a s s o c i a t e d  w i t h  w o l v e s  ( C a n i s  lu pus ) ,  l i o n s  

( P a n t h e r a  l e a ) , a n d  h y a e n a s  ( C r o c u t a  c r o c u t a ) , a n d  i s  

f r e q u e n l y  t h e  r e s u l t  o f  t h e  ma n i p ul a t i o n  o f  t h e  b o n e  

d u r i n g  f e e d i n g ( H a y n e s , 1 9 8 0 ,  1 9 8 3 ) . T h e  d i f f i c u l t y  o f  

a s s i g n i n g  t h i s  d am a g e  t o  a p a r t i c u l a r  t a x o n , a n d  t h e  

d i f f i c u l t y  o f  a s s i g n i n g  a d e f i n i t e  c a u s e  t o  t h i s  d ama g e , 

p r e c l u d e s  i t s  u s e  i n  t h i s  a n a l y s i s . 

G o u g i n g  a n d  p i t t i n g  o f  c a n c e l l o u s  b o n e  i s  t h e  m o s t  

c o mmon f o r m  o f  c a r n i v o r e  d ama g e  o b s e r v e d  i n  t h e  

T e l e o c e r a s  p o p u l a t i o n  o f  t h e  M i n i u m Q u a r r y  l . b .  a n d  i s  

u s u a l l y  a s s o c i a t e d  w i t h  m i s s i n g  s p al l s  o f  b on e , e x p o s e d  

c a n c e l l o u s  b o n e , a n d  g r o u n d  a n d  b i t t e n  o f f  e n d s o f  l im b  

b o n e s  a n d  e p i p h y s e s  ( F i g . 9 c - e ) . T h i s  t y p e  o f  dama g e  

c a n  b e  r e a d i l y  a s s e s s e d , a s  man y c o m p a r a t i v e  mo d e l s  

e x i s t , b a s e d  o n  t h e  a c t i v i t i e s  o f  e x t a n t  c a r n i v o r e s  

( M i l l e r , 1 9 6 9 ; S u t c l i f f e ,  1 9 7 0 ; H i l l , 1 9 7 6 , 1 9 8 0 ; 

Ha yn e s , 1 9 8 0 , 1 9 8 2 , 1 9 8 3 ) . W e l l - d e f i n e d  p i t s  a n d  g o u g e s  

f r e q u e n t l y  p r e s e r v e  t h e  c o n t o u r s  o f  t h e  da ma g e -
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i n f l i c t i n g  t e e t h , a n d  i t  i s  p o s s i b l e  t o  e v a l u a t e  t h e s e  

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

d e n t i t i o n s . Man y s e t s  o f  p i t s  r e p l i c a t e  p a r t i a l  t o o t h 

r o ws , a s  w e l l  a s  t h e  c ha r a c t e r  o f  o c c l u d i n g  t e e t h . From 

t h e s e  p i t s  an d p u n c t u r e s  i t  i s  e v i d e n t  that t h e  b o n e  

m o d i f i e r  p o s s e s s e d  a l ar g e , b l u n t  c a r n a s s i al p a i r  w i t h  

P 4  a n d  m l  a v e r a g i n g  g r e a t e r  t h a n  1 9  x 1 3  mm , a s h o r t , 

w i d e  p a l a t e , a n d  lar g e , l o w - c r o wn e d  t e e t h . C o m p a r i s o n s  

o f  t o o t h  m a r k s  w i t h  d e n t i t i o n s  o f  c a r n i v o r e s  r e p o r t e d  

f r o m  t h e  M i n i u m  Q u a r r y  ( Th o m a s s o n  e t  a l . ,  1 9 8 6 ; LaGar r y , 

1 9 8 8 ) -- N i m r a v i d e s , O s t e o b o r u s , a n d  V u l p e s  -- s u g g e s t s  

a cl o s e  m a t c h  w i t h  d e n t i t i o n s  o f  O s t e o b o r u s . 

E x t a n t  c a r n i v o r e  b o n e  u t i l i z a t i o n  b e ha v i o r s  va r y , 

a n d  i t  i s  a l s o  p o s s i b l e  t o  d e t e r mi n e  t h e  s o u r c e  o f  

c a r n i v o r e  d ama g e  b y  c o m p a r i s o n  o f  u t i l i z a t i o n  beha v i o r s  

( M i l l e r , 1 9 6 9 ; S u t c l i f f e ,  1 9 7 0 ; H i l l , 1 9 7 6 ; Hayne s ,  

1 9 8 0 , 1 9 8 2 , 1 9 8 3 ) . Mamma l i a n  b o n e  u t i l i z e d  b y  e x t a n t  

h y a e n a s  ( S u t c l i f f e , 1 9 7 0 )  e x h i b i t s  d ama g e  v e r y  s im i l a r  

t o  t h a t  o b s e r v e d  i n  t h e  M i n i u m Qua r r y  T e l e o c e r a s  s a m p l e . 

C o m p a r i s o n  o f  t h e  s t y l e  o f  m o d i fi c a t i o n  i n  the M i n i u m  

Q u a r r y  T e l e o c e r a s  s am p l e  w i t h  b e h av i o r s  c h a r a c t e r i s t i c  

o f  s e v e r a l  r e c e n t  c a r n i v o r e s  ( Ta b l e  4 )  a l s o  s u g g e s t s  a 

h y a e n a - l i k e  s t y l e  o f  b o n e  mo d i f i c a t i o n , w h i c h  h a s  b e e n  

a t t r i b u t e d  t o  o s t e o b o r i n e  d o g s  ( D a l q u e s t , 1 9 6 9 ) . Thi s  

a l s o  s u g g e s t s  t h a t  O s t e o b o r u s  wa s r e s p o n s i b l e  f o r  t h e  

p o s t-m o r t e m  b o n e  d ama g e  a t t r i b u t a b l e t o  c ar n i v o r e s . 
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E v i d e n c e  f r o m  t h e  M i n i u m  Q u a r r y  s u g g e s t i n g  t h a t  

O s t e o b o r u s  w a s  t h e  p r ima r y  b o n e  m o d i f i e r o f  t h e  

T e l e o c e r a s  s am p l e  s u p p o r t s  t h e  l o n g -s t a n d i n g  s u p p o s i t i on 

t h a t  O s t e b o r u s  was a s c a v e n g e r  t h a t  u t i l i z e d  b o n e  a s  a 

d i e t a r y  r e s o ur c e  ( Ma t t h ew , 1 9 3 0 ; Dal q u e s t ,  1 9 6 9 ) . 

E v i d e n c e s u p p o r t i n g  t h i s  t a x o n ' s  a p p e l l a t i o n  o f  " b o n e 

c r u s h i n g  d o g "  i n c l u d e s  i t s  p o s s e s s io n  o f  h ea v y  d e n t i t i o n 

a n d  s h o r t  j a w s , a n d  t h e  p r e s e n c e  o f  p ar t l y  d i g e s t e d  b o n e  

s h a r d s  i n  i t s  f e c e s  ( D a l q u e s t , 1 9 6 9 ) . The s e  cha r a c t e r s  

h a v e  b e e n  o b s e r v e d  i n  C r o c u t a  c r o c u t a , t h e  s p o t t e d  

h y a e n a  ( S u t c l i f f e , 1 9 7 0 ; B e h r e n s m e y e r ,  1 9 7 8 ) , wh i c h  i s  a 

c o mmon c o m p o n e n t  o f  t h e  r e c e n t  s a v a n n a h  c a rniv o r e  f a u n a  

( Ki n g d o n , 1 9 7 7 ) . T h e  s p o t t e d  h y a e na i s  b o th a p r e d a t o r  

a n d  a s c a v e n g e r , h a v i n g  b e e n  o b s e rv e d  a c t i v e l y  h u n t i n g  

j uv e n i l e  h i p p o p o t am i  ( Ki n g d o n , 1 9 7 7 ) , w i l d e b e e s t , a n d  

z e b r a  ( S u t c l i f f e , 1 9 7 0 ) . H o w e v er , O s t e o b o r u s  has  b e e n  

c o n s i d e r e d  a s  p r i ma r i l y  a s c a v e n g er ( D a l q u e s t , 1 9 6 9 ) . 

T h i s  s u p p o s i t i o n  h a s  b e e n b a s e d , i n  p a r t , o n  i t s  

i n f e r r e d  r e l a t i o n s h i p s wi th o t h e r  e x t i n c t  ca rni v o r e s . 

E x t a n t  h y a e n a s  ( Cr o c u t a ) a r e  k n o wn t o  f r e q u e n t l y  

s c a v e n g e  c a r c a s s e s  a b a n d o n e d  b y  l i o n s  ( P a n t h e r a ) , 

c o n s umi n g  m o s t  o f  wha t o t h e r  c a r n i v o r e s r e j e c t , s u c h  a s  

b o n e  ( S u t c l i f f e , 1 9 70 ; K i n g d o n , 1 9 7 7 ) . Ma t t h e w  ( 1 9 30 ) 

s u g g e s t e d  t h a t  O s t e o b o ru s  mai n t a i n e d  a s i m i l ar 

r e l a t i o n s h i p  w i t h  s a b r e - t o o t h e d  c a t s . The  o b s e r v a t i o n  

o f  e x t a n t  h y e n a  p a c k s  p r e y i n g  o n  h i p p o p o t ami s u g g e s t s  



that Osteoborus, a hya ena e quiv a l ent, may ha v e  formed 

packs (Dal quest, 1 969) and preyed upon T e l eoceras, a 

hip popotamoid rhinoceros . 

4 1  

Studie s  o f  bone modification b y  carnivores (Mil l er, 

1 969; Sutcliff e, 1 970; H aynes, 1980, 1982, 1983) do not 

distinguish b etw e en predation and sca v enging . Sincl air 

( 1 974b) and Kingdon (1977) stated that in attritional 

carcass ass e mb l ages, the r esults of predation and 

scav enging are inseparabl e.  A samp l e  resulting 

e xclusiv e ly from sca v enging shoul d contain materia l 

re presenting the a vail abl e carcass supply ( Noe-Nyga ard, 

1977; Haynes, 1982) . The types and numbers of carcasses 

should indicate the dominant causes of morta lity . 

Attritiona l  morta lity due to disease, starv ation, and 

old age produces a sampl e that contains progressiv e ly 

fewer numbers of ol der individuals. Episodic e v ents 

that can kil l se v e ra l  individua ls produces a sampl e that 

refl e cts the distribution of numbers and ages of 

individua l s  in the living popul ation ( Voorhies, 1 969; 

K l ein and Cruz-Uribe, 1984; Korth and Evander, 1986). 

Indiscriminate sca v enging should refl ect whiche v er of 

these processes provided the greatest p ercentage of the 

carcass sup p ly. Predation, howe v er, draws from the 

availabl e standing crop, and fa vors particul ar age 

classe s  ( S utcliffe, 1 970). 
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A n a l y s i s o f  t h e  p o p u l a t i o n  d y n a m i c s  a n d  m o r ta l i t y  

p r o f i l e  o f  t h e  M in i um Quar r y  Te l e o c e r a s  p o p u l a t i o n , 

a l t h o u g h  p o s s i b l y  un a b l e  t o  d i f f e r e n t i a t e  t h e  two  

b e h a v i o r s , m a y  i n d i c a t e  t h e  d e g r e e  t o  w h i c h  c a r n iv o r e  

b e ha v i o r  c o n t r i b u t e d  t o  th e b o n e  d e p o s i t . Th e d e n t i t i o n  

o f  t h e  M i n i u m  Q u a r ry Te l e o c e r a s , a l t h o u g h  n o t  u s e fu l  i n  

a n a l y s e s  o f  b o n e  w e a t h e r i n g  a n d  mo d i f i c a t i o n  p r o c e s s e s , 

p r o v i d e s  a m e a n s o f  r e c o n s t r u c t i n g  t h e  p o p u l a t i o n  

s t r u c t u r e  o f  t h e  s am p l e . 

M a n y  e x t a n t  a n d  f o s s i l  s p e c i e s  o f  m i g r a t o r y  

u n g u l a t e s  t h a t  s e a s o na l l y  o c c u p y  me s i c  h a b i t a t s , g i v e  

b i r th o n c e  y e a r l y , u n d e r g o  a t t r i t i o n a l  m o r t a l i t y , a n d  

l e a v e  c a r c a s s e s  t h a t  var y i n  a g e  b y  o n e  y e a r  i n t e r v a l s  

( C a u g h l y ,  1 9 6 6 ; Laws , 1 9 6 8 ; S p in a g e , 1 9 7 2 a , 1 9 7 2 b ; 

L e u t h o l d  a n d  L e u t h o l d ,  1 9 7 5 ; H u l b e r t , 1 9 8 2 ; Mi l l e r  a n d  

Zammu t u , 1 9 8 3 ) . Th i s  s t e p -w i s e  d i s t r i b u t i o n o f  a g e s  

a l l ow s  a c c u r a t e r e co n s t r u c t i o n  o f  p o p u l a t i o n  a g e  

p r o f i l e s  b y  t h e u s e o f  S p i n a g e ' s  ( 1 9 7 2 a ) f o rmu l a : 

1 / 2 
Y = Yo [ 1  - ( T / N )  ] 

w h e r e  Y i s  t h e  c r own h e i g h t , Y o  i s  t h e  unwo r n  c r o wn 

[ 1 ] 

h e i g h t , T i s  t h e  a g e  i s  t h e  a g e  a t  c r o wn h e i g h t  Y ,  a n d  N 

i s  t h e  a g e  a t  wh i c h Y b e c ome s z e r o . Th i s  f o rmu l a  

a s s ume s a v a r i a b l e  r a t e  o f  we a r , s u ch t h a t  u nwo r n  t ee t h 

w e a r  f a s t e r  t h a n  w o r n  t e e th , a n d  that  t h e  maximum a g e  o f  
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a n  i n d i v i d u a l  is the a g e  wh e n  the p e r ma n e n t  c h e e k  t e e t h  

a r e  wo r n  away ( S p i n a g e , 1 9 7 2 a ) . The s e  a s s u mp t i o n s  h a v e  

b e e n  s u p p o r t e d  b y  nu m e r o u s  o b s e r v a t i o n s  ( K l e i n  a n d  C r u z 

Uri b e , 1 9 8 4 ) . 

Whe t h e r  o r  n o t  T e l e o c e r a s  m i g ra t e d  a n d  g a v e  b i r t h 

s e a s o n a l l y  i s  u n k n o wn . H o w e v e r , Te l e o c e r a s  may h a v e  

f o rm e d  h e r d s ( V o o r h i e s ,  1 9 7 8 ) , a b eh a v i o r a l  p a t t e r n  t h a t  

i s  c o mmon t o  m i g r a t o r y  s p e c i e s  ( L e u t h o l d  a n d  L e u t h o l d , 

1 9 7 5 ) . O t h e r  l a r g e  no n-mi g r a t o r y  s p e c i e s , s u c h  a s  t h e  

h i p p o p o t amu s ( Hi pp o p o t am u s  amp h i b i u s ) ,  a l s o  have b ir t h  

p a t t e r n s  t h a t  p e rmi t t e e th t o  b e  u s e d  t o  c on s t r u c t  a g e  

p r o f i l e s  ( La w s , 1 9 6 8 ; S a y e r  a n d  Rakh a , 1 9 7 4 ) . 

T e l e o c e r a s  i s  e x t r e m e l y  s im i l a r  t o  t h e  e x t a n t  

h i p p o p o t amu s i n  s i z e , m o r p h o l o g y  ( O s b o r n , 1 8 9 8 ; Mat t h e w , 

1 9 3 1 , 1 9 3 2 ; V o o r h i e s , 1 9 7 9 ; V o o r h i e s  a n d  Th oma s s o n , 

1 9 7 9 ) , a n d  h a b i t a t  ( V o o r h i e s ,  1 9 7 9 ; V o o r h i e s  a n d  

Thoma s s o n , 1 9 7 9 ) . I f  i t  c a n  b e  a s s u m e d t h a t  b o d y  s i z e  

a n d  h a b i t a t  c o n t r o l l e d  a g e  a t  s e x u a l  m a t u r i t y  a n d  r a t e s  

o f  r e p r o d u c t i o n  i n  e x t i n c t  u n g u l a t e s , a s  i t  d o e s  i n  

e x t ant  u n g u l a t e s  ( L e u t h o l d a n d  L e u t h o l d , 1 9 75 ; Woo t e n , 

1 9 8 7 ) , i t  may  b e  r e a s o n a b l e  t o  a s s u me t h a t  c r i t e ri a  

a p p l i c a b l e  t o  t h e  h i p p o p o t am u s may  a l s o  b e  a p p l i e d  t o  

T e l e o c e r a s . I n  t h e  f o l l o w i n g  a n a l y s i s  o f  t h e  Te l e o c e r a s  

d e n t i t i o n , t h e  p o t e n t i a l  l o n g e v i t y  o f  T e l e o c e r a s  i s  

a s s u me d t o  a p p r o x i m a t e  tha t o f  H ippo p o t amu s ,  wh i c h  

a v e r a g e s  4 5  y e a r s i n  t h e  w i l d  ( Laws , 1 9 6 8 ) . O t h e r  m e a n s  
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o f  d e t e r mi n i n g  t h i s  i n f o r ma t i o n , s u c h  a s  t h e  s e c t i o n i n g  

o f  t e e t h , h a v e  n o t  b e e n  a t t e m p t e d  f o r  T e l e o c e r a s . 

Me a s u r e m e n t s  o f  t h e  l e n g t h s  a n d  b r e ad t h s  o f  a l v e o l i  

i n  Te l e o c e r a s  d e n t i t i o n s  ( Ta b l e  5 )  p ro v i d e  c r i t e r i a  f o r  

a s s i g n i n g  p o s i t i o n s  t o  i s o l a t e d t e e t h , a n d  m e a s u r e m e n t s  

o f  cr own h e i g h t s  d e t e r mi n e  t h e  a p p r o x i m a t e  s t a t e  o f  

w e a r . Th e t e e t h c h o s e n  f o r  a n a l y s i s  w e r e  t h e  d p 4  a n d  m l  

f o r  r e a s o n s  d et a i l e d  b y  Van V a l e n  ( 1 9 6 4 ) . The a g e s  a t  

w h i c h  t h e  T e l e o c e r a s  d p 4  i s  l o s t  a n d  m l  e r u p t s  a r e  a l s o  

a s s um e d  t o  a p p r o x i ma t e  t ho s e  o f  H i pp o p o t amu s , a n d  a r e  

7 . 5  a n d  5 . 0  y e a r s  r e s p e c t i v e l y  ( La w s , 1 9 6 8 ; S a y e r  a n d  

Rakha , 1 9 7 4 ) . Unwo r n  m a x i m u m  c r o wn h e i g h t s  o f  t h e  

Mi n i um Qu a r r y  T e l e o c e r a s  d p 4  a n d  m l  a r e  4 8  mm a n d  8 4  mm , 

r e s p e c t i v e l y . T h e  T e l e o c e r a s  l i f e  t a b l e  i s  d i v i d e d  i n t o  

t e n t h s  o f  t h e  t o t a l  l o n g e v i t y  f o r  e a s e o f  c o m p u t e r  

an a l y s i s  ( s e e  K l e i n  a n d  C r u z -U r i b e , 1 9 8 4 ) . T h e  r e s u l t s  

o f  t h e  anal y s i s  ( T a b l e  6 )  s h o w  t h at t h e  T e l e o c e r a s  

p o pu l a t i o n  i s  h e a v i l y  b i a s e d  t ow a r d s  v e r y  y o u n g  a n d  v e r y  

o l d  i n d i v i d u a l s ,  wi t h  n o  p r i m e  a d u l t s  i n  t h e  s amp l e . 

The m o r t a l i t y  p r o f i l e  o f  t h e  Te l e o c e r a  p o p u l a t i o n  

d o e s  n o t  r e s em b l e e i t h e r  t h e  c a t a s t r o p h i c  o r  the 

a t t r i t i o n a l  a c c u mu l a t i o n s  d i s cu s s e d by  Voo r h i e s  ( 1 9 6 9 )  

a n d  K o r t h  a n d  E v a n d e r  ( 1 9 8 6 ) . T h o u g h  d e m o n s t r a t e d  t o  b e  

a n  a t t r i t i o n a l  a s s em b l a g e  o n  t h e  b a s i s  o f  p o s t- c r a n i a l  

mat e r i al , t h e  T e l e o c e r a s  d e n t i t i o n  s a m p l e  a p p e ar s  h i g h l y  

s e l e c t e d , b ei n g  b ia s e d  t owa r d s  s p e c i f i c  a g e  g r o u p s . 
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S i n c l a i r  ( 1 9 74 b )  s t a t e d  t h a t  in E a s t  A f r i ca n  wa t e r  

b u f f a l o , t h e  e f f e c t s  o f  m o r t a l i t y  c a u s e d  b y  p r e d a t i o n  i n  

a t t r i t io n a l  p o p u l a t i o n  p r o f i l e s  a r e  a b s o r b e d  b y  

mo r t a l i t y  c a u s e d  b y  d i s e a s e  a n d  s t a r v a t i o n . Th i s  

c h a r a c t e r i s t i c  s u g g e s t s  t h a t  i n  m o s t a t t r i t i o n a l  

a s s em b l a g e s , t h e  e ff e c t s  o f  p r e d a t i o n  a r e  p r e s e n t  b u t  

u n o b s e r v e d . P r e y  s e l e c t i o n  b y  l a r g e  c a r n i v o r e s , 

e s p e c i a l l y  h y a e n a s , f a v o r s t h e  v e r y  y o u n g , v e r y  o l d , a n d  

d i s e a s e d  ( S u t c l i f f e ,  1 9 7 0 ; S i n c l a i r , 1 9 7 4 a , 1 9 7 4 b ; 

K i n g d o n , 1 9 7 7 ; H a y n e s ,  1 9 8 2 ) . V e r y  y o u n g a n d  v e r y  o l d  

a n i m a l s o f t e n  a r e  t h e  m o s t s u s c e p t i b l e  t o  d i s e a s e  

( C a u g h l y ,  1 9 6 6 ; S i n c l a i r , 1 9 7 4 a , 1 9 7 4 b ) , i n c r e a s i n g  t h e  

n u m b e r  o f  y o un g  a n d  o l d  i n d i v i d u a l s i n  a c a r n i v o r e 

i n d u c e d  m o r t a l i t y  p r o f i l e . T h e r e f o r e , p r e d a t i o n  may 

b i a s  a m o r t a l i t y  p r o f i l e  t o w a r d s  y o u n g  and o l d  

i n d i v i d u a l s , a s  s e e n  i n  t h e  M i n i u m  Q u a r r y  Te l e o c e r a s  

s am p l e . 

E x t a n t  s c a v e n g e r s , s u c h  a s  t h e  h y a e n a , c o n t i n u e  t o  

u s e  b o n e  a s  a d i e t a r y  r e s o u r c e  l o n g  a f t e r  t h e  b o n e  h a s  

b e e n  d e n u d e d  o f  c o n s u ma b l e  f l e s h , o f t e n  s t o ck p i l i n g  t h e  

b o n e  a r o u n d  t h e i r  l a i r  o r  d e n  ( S u t c l i f f e , 1 9 7 0 ; 

B e h r e n s m e y e r , 1 9 7 5 ;  H i l l , 1 9 7 6 ; B e h r e n sm e y e r  a n d  

D e c h a n t - B o a z , 1 9 8 0 ; K l e i n  a n d  C r u z -Ur i b e , 1 9 8 4 ) . T h e  

b o n e  m a t e r i a l  i n  s c a v e n g er s t o ck p i l e s ,  o r  c a c h e s , i s  

s u b a e r i a l l l y  e x p o s e d  a n d  s u b j e c t  t o  w e a t h e r i n g  

p r o c e s s e s , wh i c h  i s  a l s o  t ru e  o f  n o n - c a c h e d ,  s c a v e n g e d  
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b o n e  ( Be h r e n s m e y e r , 1 9 7 8 ) . Th e d e g r e e  to w h i c h  a b o n e  

d e p o s i t  wa s s ca v e n g e d  c a n  b e  d e t e r mi n e d  b y  c o m p a r i n g  t h e  

a m o u n t  o f  d a ma g e d  b o n e  w i t h i n  a p ar t i c u l a r  w e a t h e r i n g  

s t a g e  ( B e h r e n s me y er , 1 9 7 8 ) r e l a t i v e t o  t h e  t o t a l  n umb e r  

o f  b o n e s  wi t h i n  t h a t  w e a t h e r i n g  s t a g e .  Th e M i n i u m  

Q u a r r y  T e l e o c e r a s  a s s e m b l a g e  s h o w s  a n  i n c r e a s e  i n  t h e  

r e l a t i ve a m o u n t  o f  c a r n i v o r e - i n d u c e d  b o n e  d ama g e  a s  t h e  

a m o u n t o f  w e a t h e r i n g  d ama g e  i n c r e a s e s  ( F i g . l Oa ) . Th i s  

c o rr e l at i o n i n d i c a t e s  t h a t  t h e  T e l e o c e r a s  b o n e s  

c o n t i n u e d  t o  b e  g nawe d f o r  a s  l o n g  a s  6 t o  y e a r s  ( s t a g e s  

4 a n d  5 )  a f t e r  b e i n g d e n u d e d  o f  f l e s h ; p r o v i d i n g  c l e ar 

e v i d e n c e  that the b o n e  s a m p l e  wa s e x t e n s i v e l y  s c a v e n g e d .  

T h e  amo u n t  o f  s p i r a l  f ra c t u r i n g  a n d  s c r a t c h i n g  a l s o  

i n c r e a s e s  w i t h  w e a t h e r i n g , s u g g e s ti n g  t h a t  th e s e  t y p e s  

o f  d amag e w e r e  p r o d u c e d  b y  r e l a t e d  s o u r c e s . The  b i m o d a l 

d i s t i bu t i o n  o f  a g e s  in t h e  T e l e o c e ra s  m o r t a l i t y  p r o f i l e  

c o r r e s p o n d s  w i t h  a g e - s p e c i f i c  s k e l e t a l  p a r t  

r e p r e s e n t a t i o n  ( Fi g . 1 1 ) ,  a n d  v a r i a t i o n s  i n  c a r n i v o r e 

i n d u c e d  dama g e a n d s c a v en g i n g . T h e  e n d s  o f  l i m b  b o n e s  

o f  v e r y  y o u n g  i n d i v i d u a l s  t ha t  l a c k  e p i p h y s e s  a r e  o f t e n  

g n awe d t o  a c o n s i d e r a b l e  d e g r e e , a n d  e x h i b i t  m o r e  

i n t e n s i v e  d ama g e  o v e r a l l . Wh e n  c o mp a r e d  t o  the 

s c a v e n g i n g  of  a d u l t  mat e r i a l  ( Fi g . l O b ) , j u v en i l e  

T e l e o c e r a s  b o n e  i s  c o n s u m e d  a t  a f a s t e r  r a t e , s u r v i v i n g  

o n l y  t o  w e at h e r i n g  s t a g e  3 .  Th i s  r e f l e c t s  b o t h  t h e  

s ma l l e r  s i z e  a n d  t h e  t h i n n e r  c o m p a c t b o n e  o f  t h e  
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mat e r i a l  w a s  c o n s um e d  p r e f e r e n t i a l y  o v e r  a d u l t  b o n e . 
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T h e  a n a l y s i s o f  t h e  M i n i u m  Qu a r r y  Te l e o c er a s  

p o p u l a t i o n  s u g g e s t s  t h a t  t h e  Te l e o c e r a s  m o r t a l i t y  wa s 

t h e  r e s u l t o f  p r e d a t i o n , y e t  t h e  p o s s i b i l i t y  r em a i n s  

t h a t  O s t e o b o r u s  s c a v e n g e d  c a r ca s s e s  k i l l e d  b y  o th e r  

c a r n i v o r e s  t h a t  i n f r e q u en t l y  l e a v e  d i s c e r n a b l e  m a r k s  o n  

b o ne , s u c h  a s  f e l i d s  ( Ha y n e s , 1 9 8 3 ) . E x t a n t  f e l i d s  s u c h  

a s  P a n t h e r a  l e o , a s  w e l l  a s  t h e  h y e n a , C r o c u t a , 

t y p i c a l l y  h u n t  i n  t h e  o p e n  s a v a n n a h  away  f r o m  s t a n d i n g  

w at e r  ( S u t c l i f f e , 1 9 7 0 ; K i n g d o n , 1 9 7 7 ) . I f  t h e  

T e l e o c e r a s  p o p u l a t i o n  d i d  i n  f a c t  a c c um u l a t e  i n  a m o i s t  

h a b i t a t , i t  i s  r e a s o n a b l e  t o  s u s p e c t  t h a t  e i t h e r  t h e  

e x t i n c t  t a x a  b e h a v e d  i n  a d i f f e r e n t  m a n n e r  than t h e i r  

e x t a n t  a n a l o g s , o r  t h a t  o t h e r  a g e n t s  c o n t r i b u t e d  t o  t h e  

a c c u mu l a t i o n  o f  m a t e r i al a t  t h e  b u r i a l  s i t e . The 

h y a e n a  is  a w e l l -kn own ac c um u l a t o r  o f  b o n e , and  w i l l  

f r e q u e n t l y  c a r r y c a r c a s s mat e r i a l  c o n s i d e r a b l e  d i s t a n c e s  

t o  i t s  l a i r / b o n e  c a c h e  ( S u t c l i f f e , 1 9 7 0 ; B e h r e n s m e y e r , 

1 9 75 , 1 9 7 8 ; H i l l , 1 9 7 6 ; K l e i n  a n d  C r u z -Ur i b e ,  1 9 8 4 ) . 

H y a e n a  b o n e  c a c h e s  o f  t e n  c o n t a i n  s e v e r a l  t h o u s a n d  

i d e n t i f i a b l e  s k e l e t a l  e l eme n t s  ( K l e i n  a n d  Cruz -Ur i b e , 

1 9 8 4 ) . T h e  e x c a v a t e d  p o r t i o n  o f  t h e  M i n i u m  Qua r r y  b o n e  

h a s a n  a r e a  o f  l e s s  t h a n  7 5  s q . m e t e r s , a v e ra g i n g  0 . 3 3 

T e l e o c e r a s  c a r c a s s e s / s q . m e t e r . A t t r i t i o n a l  m o r t a l i t y  
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i n  t h e  E a s t  A f r i c a n  s a v a n n a h  r e s u l t i n g  f r o m  p r e d a t i o n , 

s t a r v a t i o n , a n d  d i s e a s e  p r o d u c e s  a l o w e r  b o ne d e n s i t y  o f  

o n l y  0 . 0 0 2 6  c a r c a s s e s / s q . m e t e r  ( B e h r e n s m e y er , 1 9 7 8 ) . 

The  h i g h  c o n c e n t r a t i o n  o f  b o n e  a t  t h e  M i n ium Q u a r r y  m a y  

b e  t h e  r e s u l t  o f  a n  a g e n t  o f  a c c umu l a t i o n . 

S t a t i s t i c a l c o m p a r i s o n  ( K o lm o g o r o v - S m i r n o v  Z )  o f  

s k e l e t a l  p a r t s  r e p r e s e n t a t e d  a t  t h e  M i n i um Qua r r y  ( F i g s . 

3 ,  1 1 )  a n d  i n  e x t a n t  h y a e n a  c a c h e s  r e po r t e d b y  K l e i n  a n d  

C r u z -U r i b e  ( 1 9 8 4 ) , s u g g e s t  d i f f e r e n t  m o d e s  o f  

a c cum u l a t i o n  w e r e  r e s p o n s i b l e  f o r  t h e  t w o  d e p o s i t s  ( z  = 

3 . 1 0 ) . Th e r e  a r e  s e v e ra l  ma j o r  d i f f e r e n c e s  b e t w e e n  t h e  

Min i u m  Q u a r r y  a s s e mb l a g e  a n d  a c c umu l a t i o n s  r e s u l t i n g  

f r om h y a e n a  s c a v e n g i n g . T h e  M i nium Q u a r r y  a s s e m b l a g e  

h a s  a l o w e r  p e r c e n t a g e  o f  c a r n i v o r e  m a t e r i a l  ( <  5 % )  t han 

a t y p i c a l  h y e n a  c a c h e  ( > 2 0% ) . Ho w e v e r ,  K l e i n  and C r u z 

U r i b e  ( 1 9 8 4 )  n o t e d t ha t  c a c h e s  mad e b y  t h e  s p o t t e d  

h y a e n a  ( C r o c u t a ) c o n t a i n  l e s s  c a r n i v o r e  b o n e  t h a n  t h o s e  

o f  t h e  b r o wn h y a e n a  ( Hy a e na ) . The  M i n i um Quar r y  

a s s e m b l a g e  i s  c h a r a c t e r i s e d  b y  a n  i n c r e a s e  in c r a n i a l  

m a t e r i a l  a s  un g u l a t e  s i z e  i n c r e a s e s . Th e o p p o s i t e  i s  

t r u e  o f  h y a e na a c c umu l a t i o n s  ( K l e i n  a n d  C r u z -U r i b e , 

1 9 8 4 ) . A g e  p r o f i l e s  o f  h y a e n a  a c cumu l a t i o n s  t en d  t o  b e  

a t t r i t i o na l , r a t h e r  t ha n  h i g h l y  s el e c t e d  a s  i s  t h e  

M i n i u m  Q u a r r y  a c c u mu l a t i o n . A l s o , s ma l l , har d b o n e s  

( ca r p al s ,  t a r s a l s )  t e n d  t o  b e  r a r e  i n  h y e n a  

a c c umu l a t i o n s  ( t h e y  g e t  e a t e n ) , b u t  a r e  a ma j o r  
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c o mp o n e n t  o f  t h e  M i n i um Q u a r r y  a s s e m b l a g e . 

Th u s , t h e r e  i s  l i t t l e  s im i l a ri t y  b e t we e n  The M i n ium 

Q u a r r y  b o n e  a s s em b l a g e and t h a t  t y p i c a l l y  p r o d u c e d  b y  

e x t a n t  h y a e n a s . T hi s  d o e s  n o t  m e a n  t h a t  a c c umu l a t o r y  

b e hav i o r  wa s n o t p r e s e n t  i n  o s t e o b o r i n e  d o g s , b u t  t h a t  

i f  s u c h  b e h a vi o r s  e x i s t e d  i t  c a n n o t b e  d e t ermi n e d  f ro m  

t h e  M i n i u m  Q u a r r y  s a m p l e , o r  t h a t  i t  wa s d i f f e r e n t  f r o m  

t h a t  o f  e x t a n t  h y a e n a s  a n d  a l t er n a t e m o d e l s  f o r  

c om p a r i s o n  m u s t  b e  f o un d . 

C O N C LU S I ON S  

Thi s s t u d y  s u p p o r t s  B e h r e n s m e y e r ' s  ( 1 9 78 ) 

s u g g e s t i o n  t h a t  wea t h e r i n g  d a m a g e  a n a l y s i s  t e c h n i q u e s  

m i g h t  b e  a p p l i c a b l e  t o  o t h e r  f o s s i l  a n d  e x t a n t  b o n e  

d e p o s i t s . H e r  m e t h o d  o f  a n a l y s i s  p r o v i d e s  a m e a n s  t o  

d e t e r m i n e  ma n y  c o n d i t i o n s  o f  t h e  p al e o e n v i r o n m e n t  

n e c e s s a r y  t o  o b t a i n  a n  a c c u r a t e  e s t i mat e o f  

p a l e o e c o l o g i c  c o n d i t i o n s , a n d  i t s  u s e  ha s y e t  t o  b e  

f u l l y  e x p l o r e d i n  f o s s i l  f a u n a s . C o n d i t i o n s  s u ch a s  

v e g e t a t i v e  c o v e r , ha b i ta t , a n d  c l imat e c a n  b e  r e a s o na b l y  

c o n c l u d e d  f r o m  w e a t h e r i n g  d am a g e ,  w i t h  t h e  p o t e n t i a l  f o r  

i n c r e a s e d  a c c u r a c y  a s  t h e  e f f e c t s  o f  w e a t h e r i n g  

p r o c e s s e s  o n  b o n e  b e c o me b e t t e r u n d e r s t o o d . A l t h o u g h  

t h e  M i n i u m  Q u a r r y  T e l e o c e r a s  s am p l e a p p e a r s  t o  b e  t h e  

r e s u l t o f  p r e d a t i o n , w a s e x t e n s i v e l y  s ca v e n g e d  b y  

O s t e o b o r u s , a n d  r e p r e s e n t s  a m o r e  d e n s e  a c cumu l a t i o n  

t h a n  w o u l d  b e  e x p e c t e d f r o m  s u c h  a c t i v i t y , c l e a r  
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c o r r e l a t i o n s  b e t w e e n  o s t e b o r i n e  a n d  h y a e n a  c o l l e c t i n g  

b e ha v i o r s  c a n n o t  y e t  b e  d r a wn . Ho w e v e r , t h i s  s t u d y  d o e s  

s h o w  that  t h e  u s e  o f  c ar n i v o r e  d am a g e  t o  re co n s t r u c t  

p r e d a t o r / p r e y  r e l a t i o n s h i p s  a n d  t h e  e f f e c t s  o f  

s c a v e n g i n g  i s  a n o t h e r  u s e f u l  t o o l  t h a t  c a n  r e a s o n a b l y  b e  

a p p l i e d  t o  f o s s i l  f a u n a s . H o w e v e r , i t  w i l l  r e q u i r e  

a d d i t i o nal  s t u d i e s  t o  d e t e r m i n e  t h e  d e g r e e  o f  b e h a v i o ra l  

a n a l o g y  b e t w e e n  e x t a n t  a n d  f o s s i l  c a r n i v o r a . 

A CK NOWL EDGMENTS 

I thank R .  J .  Z a k r z e w s k i  for h i s  g u i d a n c e  a n d  

s u g g e s t i o n s  d u r i n g  t h e  s t u d y , a n d  f o r  p e rmi s s i o n  t o  

s t u d y  s p e c i m e n s  i n  h i s  c a r e . I t hank J .  M .  C h u r ch i l l , 

D .  N .  Wi l c o t s , a n d  R .  S .  V a n d e n b e r g  f o r  t h e i r  h e l p f u l  

c o mm e n t s  a n d  d i s c u s s i o n s . I t hank J .  R .  Thoma s s o n , 

D i r e c t o r  o f  t h e  M i n i um Qua r r y  e x c a v a t i o n s , f o r  a c c e s s  t o  

t h e  M i n i u m Q u a r r y . R .  J .  Z a k r z e w s k i , J .  R .  C h o a t e , 

M .  E .  N e l s o n , K .  R .  N e u h a u s e r , a n d  J .  R .  Thoma s s o n  

c r i t i c a l l y  r e a d  t h e  man u s c ri p t . T h e  e x c a v a t i o n  o f  t h e  

M i n i u m  Qua r r y  w a s s u p p o r t e d  b y  N a t i o n a l  G e o g r a p h i c  

S o c i e t y  G r an t s  3 0 9 2 - 8 5  a n d  3 3 1 5 -8 6  t o  J .  R .  Thoma s s o n . 

REFEREN C E S  C ITED 

B e h r e n s m e y e r , A .  K .  1 9 7 5 . T h e  t a p h o n o m y  a n d  

p a l e o e c o l o g y  o f  P l i o -P l e i s t o c e ne v e r t e b ra t e  

a s s e b l a g e s  e a s t  o f  L a k e  R u d o l f , K e n y a . Bu l l e t i n  o f  

t h e  Mu s e u m  o f  C o m p a r a t i v e  Z o o l o g y , 1 4 6 : 4 7 3 - 5 7 8 . 



B e h r e n s m e y e r , A .  K .  1 9 7 8 .  T a p h o n o m i c a n d  e c o l o g i c  

i n f o rma t i o n  f r o m  b o n e  w e a t h e r i n g . P a l e o b io l o g y , 

1 : 1 5 0 - 1 6 2 . 

B e h r e n s me y e r , A .  K . , D .  We s t e r n , a n d  D .  De c h a n t -B o a z . 

1 9 7 9 . N e w  p e r s p e c t i v e s  i n  v e r t e b r a t e  p a l e o e c o l o g y  

f r o m  a r e c e n t  b o n e  a s s e m b l a g e . P a l e o b i o l o g y , 

5 : 1 2 - 2 1 . 
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B e h r e n s me y e r , A .  K . , a n d  D .  E .  D e c h a n t - B o a z . 1 9 8 0 . The 

r e c e n t  b o n e s  o f  Am b o s e l i  P a r k , K e n y a , i n  r e l a t i o n  t o  

E a s t  A f r i c a n  p a l e o e c o l o g y . p p . 7 2 - 9 2 , i n  F o s s i l s  i n  

t h e  ma k i n g  ( A .  K .  B e h r e n s m e y e r  a n d  A .  P .  Hi l l , e d s . ) .  

U n i v e r s i t y  o f  C h i c a g o  P r e s s , 24 1 p .  

B r e y e r , J .  A .  1 9 7 5 . The  c l a s s i fi c at i o n  o f  O g a l l a l a  

s e d i m e n t s i n  w e s t e r n  N e b r a s k a . Mi c h i g a n  U n i v e r s i t y  

Pa p e r s  i n  Pa l e o n t o l o g y , 3 : 1 - 8 . 

C a u g h l y ,  G .  1 9 6 6 . M o r t a l i t y  p a t t e r n s  i n  mamm a l s . 

E c o l o g y , 4 7 : 9 0 6 - 9 1 8 . 

D a l q u e s t , W .  W .  1 9 6 9 . P l i o c e n e  c a r n i v o r e s  o f  t h e  

C o f f e e R a n c h . B u l l e t i n  o f  t h e  T e x a s  Memo r i a l  Mu s e um , 

1 5 ,  44  p .  

D e e v e y , E .  S . ,  Jr . 1 9 4 7 . L i f e  t a b l e s  f o r  n a t u r a l  

p o p u l a t i o n s  o f  a n i m a l s .  Q u a r t e r l y  r e v i e w  o f  B i o l o g y , 

2 2 : 2 8 3 -3 1 4 .  

D i f f e n d a h l , R .  F . , Jr . 1 98 0 . G e o l o g i c  H i s t o r y  o f  t h e  

O g a l l a l a  G r o u p  ( Mi o c e n e ) i n  s o u thwe s t e r n  Mo r r i l l  

C o u n t y , N e b r a s ka [ a b s . ] .  G eo l o g i c a l  S o c i e t y  o f  
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Ame r i c a A b s t r a c t s  w i th P r o g r a m s , 1 2 : 4 1 3 .  

D i f f e n d ahl , R .  F . , Jr . 1 9 8 2 . R e g i o n a l  i mp l i c a t i o n s  o f  

t h e  g e o l o g y  o f  t h e  O g a l l a l a  G r o u p  ( u p p e r  T e r t i ar y ) o f  

s o u t hwe s t e r n  M o r r i l l  C o un t y , N e b r a s ka a n d  a d j a c e n t  

a r e a s . G e o l o g i c a l  S o c i e t y  o f  A m e r i c a  B u l l e t i n , 

9 3 : 9 6 4 - 9 7 6 . 

D i f f e n d a hl , R .  F . , Jr . 1 9 8 4 . A r mo r e d  m u d b a l l s  a n d  

f r i a b l e  s a n d  m e g a c l a s t s  f r o m  a c o m p l e x  e a r l y  

P l e i s t o c e n e  a l l u v i a l  f i l l , s o ut h w e s t e r n  Mor i l l  

C o u n t y , N e b r a s k a . Jo u r n a l  o f  G e o l o g y , 9 2 : 3 2 5 - 3 3 0 . 

Di f f e n d a h l , R .  F . , J r . 1 9 8 5 . T h e  i nn a p p l i c a b i l i t y  o f  

t h e  c o n c e p t  o f  t h e  " S i d n e y  G r av e l "  t o  t h e  O g a l l a l a  

G r o u p  ( La t e  T e r t i a r y ) i n  p a r t  o f  s o u t h e r n  Bann e r  

C o u n t y , N e b r a s k a . I n s t i t u t e  f o r  T e r t i a r y-Qu a t e r n a r y  

S t u d i e s -TER-QUA S ymp o s i um S e r i e s , 1 : 1 8 5 - 1 9 1 . 

D i f f en d ahl , R .  F . , Jr . ,  J .  B .  S w i n e h a r t , a n d  J .  J .  

G o t t u l a . 1 9 8 5 . C h a r a c t e r i s t i c s , a g e  r e l a t i o n s h i p s , 

a n d  r e g i o n a l  i m p o r t a n c e  o f  s ome C e n o z o i c  

p a l e o v a l l e y s , s o u t h e r n  N e b r a s k a p a n h a n d l e . I n s t i t u t e  

f o r  T e r t i a r y - Q u a t e r n a r y  S t u d i e s - TER -QUA S y mp o s ium 

S e r i e s , 1 : 2 1 -3 2 .  

Fr y e , J .  C .  1 9 7 1 . The  O ga l l a l a  Forma t i o n -- A r e v i e w . 

T e x a s  T e c h . Uni v e r s i t y S p e c ia l  R e p o r t , 3 9 : 5-44 . 

Fr y e , J .  C . , a n d  A .  B .  L o e n a r d . 1 9 5 9 . C o r r e l a t i o n  o f  

t h e  O g a l l a l a F o r ma t i o n  ( N e o g e n e ) i n  w e s t e r n  T e x a s  

w i t h  t y p e  l o c a l i t i e s  i n  N e b r a s ka . T e x a s  Un i v e r s i t y 



B u r e a u  o f  E c o n o m i c  G e o l o g y  R e p o r t  o f  I n v e s t i g a t i o n s  

5 1 , 2 5  p .  

F r y e , J .  C . , A .  B .  L e o n a r d , a n d  A .  S wi n e ha r t . 1 9 5 6 . 

S t r a t i g r a p h y  o f  t h e  O g a l l a l a  F o r ma t i o n  ( N e o g e n e ) o f  

n o r t h e r n  K a n s a s . Ka n s a s  G e o l o g i c a l  S ur v e y  Bu l l e t i n  

1 1 8 ,  9 2  p .  

Hayn e s , G .  1 98 0 . E v i d e n c e  o f  c a r n i v o r e  g n awi n g  o n  

P l e i s t o c e n e  a n d  R e c e n t  mammal i a n  b o n e s . 

P a l e o b i o l o g y , 6 : 3 4 1 -3 5 1 .  
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Ha y n e s , G .  1 9 8 2 . U t i l i z a t i o n  a n d  s k e l e t a l  d i s t u r b a n c e s  

o f  N o r t h Ame r i c a n  p r e y  c a r c a s s e s . A r c t i c , 3 5 : 2 6 6 -

2 8 1 . 

Ha y n e s , G .  1 9 8 3 . A gu i d e  f o r  d i f f e r e n t i a t i n g  

ma mmal i a n c a r n i v o r e  t a x a  r e s p o n s i b l e  f o r  gna w d ama g e  

t o  h e r b i v o r e  l im b  b o n e s . Pa l e o b i o l o g y , 9 : 1 6 4 - 1 72 . 

H i l l , A .  1 9 7 6 . O n  c a r n i v o r e  a n d  w e a t h e r i n g  dama g e  t o  

b o n e . C u r r e n t  A n t h r o p o l o g i s t , 1 7 : 3 3 5 - 3 3 6 . 

H i l l , A .  1 9 7 9 . D i s a r t ic u l a t i o n  a n d  s c a t t e r i n g  o f  

mamma l s k e l e t o n s . Pa l e o b i o l o g y , 5 : 2 6 1 - 2 7 4 . 

H i l l , A .  P .  1 9 8 0 . E a r l y p o s t-mo r t em d ama g e  t o  t h e  

r e ma i n s  o f  s o m e  c o n t emp o r a r y  Ea s t  A f r i c a n  mamma l s . 

p p . 1 3 1 - 1 5 2 i n  Fo s s i l s  i n  t h e  mak i n g  ( A .  K .  

B e h r e n s m e y e r  a n d  A .  P .  Hi l l , e d s . ) . Un i v e r s i t y  o f  

C h i ca g o  P r e s s ,  2 4 1  p .  

Hu l b e r t , R .  C . , J r . 1 9 8 2 .  P o p u l a t i o n  d y nami c s  o f  t h e  

t h r e e - t o e d  h o r s e  N e o h i ppa r i o n  f r o m  t h e  L a t e  Mi o c e n e  



o f  F l o r i d a . P a l e o b i o l o g y , 8 :  1 5 9 - 1 6 7 . 

K in g d o n , J .  1 9 7 7 . E a s t  A f r i c a n  mamma l s : I I I a . 

c a r n i v o r e s .  N e w  Y o r k , A c a d e m i c  P r e s s ,  4 7 6  p .  
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K l e i n , R .  G .  a n d  K .  C r u z -Ur i b e . 1 9 8 4 .  The a n a l y s i s  o f  

a n i m a l  b o n e s  f r o m  a r c h e o l o g i cal  s i t e s .  Un i v e r s i t y  o f  

C h i c a g o  P r e s s , 2 6 6  p .  

K o r t h , W .  W .  a n d  R .  L .  E v a n d e r . 1 9 8 6 . The u s e  o f  a g e  

f r e q u e n c y  d i s t r i b u t i o n s  o f  m i c r omammal s i n  t h e  

d e t e r mi n a t i o n  o f  a t t r i t i o n a l  a n d  c at a s t r o p h i c  

m o r t a l i t y  o f  f o s s i l  a s s e m b l a g e s . P a l e o g e o g r a ph y , 

Pal e o c l im a t o l o g y , Pal e o e c o l o g y , 5 2 : 2 2 7 - 2 3 6 . 

K u r t e n , B .  1 9 5 4 . P o p u l a t i o n  dy nami c s  - a new m e t h o d  i n  

p a l e o n t o l o g y . J o u r n a l  o f  Pal e o n t o l o g y , 2 8 , 2 8 6 - 2 9 2 . 

K u r t e n , B .  1 9 7 2 . T h e  a g e  o f  mamma l s .  New Y o r k , 

C o l u m b i a  Un i v e r s i t y  Pre s s , 2 5 0  p .  

K u t i l e k , M .  J .  1 9 74 . Th e d e n s i t y  a n d  b i omas s o f  l a r g e  

mammal s i n  L a k e  Nakuru N a t i o na l  P a r k . Ea s t  A f r i c a n  

W i l d l i f e  J o u r n a l , 1 2 : 2 0 1 - 2 1 2 .  

LaGa r r y , H .  E .  1 9 8 7 .  Came l i d a e  ( Ma mm a l i a : 

Ar t i o d a c t y l a ) f r o m  t h e  M i n i u m  Qua r r y  l o c a l  b i o t a  

( E a r l y  Hem p h i l l i a n ) , Graham C o u n t y , Ka n sa s  [ a b s . ] .  

Kan s a s  A c a d em y  o f  S c i e n c e  A b s t ra c t s , 6 : 2 9 .  

LaGarr y ,  H .  E .  1 9 8 8 .  N o t e s  o n  t h e  t a p h o nomy  o f  t h e  

Ear l y  H e m p h i l l i an a g e  Mi n i um Qua r r y  l o c a l  b i o t a , 

Gra ham C o u n t y , K a n s a s  [ a b s . ] .  K a n s a s  A c a d e my o f  

S c i e n c e  A b s t ra c t s ,  7 : 2 2 .  



Laws , R .  M .  1 9 6 8 . D e n t i t i o n  a n d  a g i n g  o f  the 

h i p p o p o t a mu s . Ea s t  A f r i c a n  W i l d l i f e  J o u r na l , 6 : 1 9 -

5 2 .  
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L e u t h o l d , W . , a n d  B .  M .  L e u t h o l d . 1 9 7 5 . Temp o r a l  

p a t t e r n s o f  r e p r o d u c t i o n  i n  u n g u l a t e s  o f  T s a v o  

Na t i o n a l  Pa r k , K e n y a . E as t  A f r i c a n  W i l d l i f e  J o u r n a l , 

1 3 : 1 5 9 - 1 6 9 . 

Ma t t h e w , W .  D .  1 9 3 0 . T h e  p h y l o g e n y  o f  d o g s . J o u r n a l  

o f  Mamma l o g y , 1 1 : 1 1 7- 1 3 8 . 

M a t t h e w , W .  D .  1 9 3 1 . C r i t i c a l  o b s e r v a t i o n s  o n  t he 

ph y l o g e n y  o f  t h e  r h i n o c e r o s e s . Un i v e r s i t y  o f  

Ca l i f o r n i a  Pu b l i c a t i o n s  B u l l e t i n  o f  t h e  D e p a r tm e n t  o f  

Ge o l o g i c  S c i e nc e s , 2 0 : 1 - 9 . 

Ma t t h ew , W .  D .  1 9 3 2 . A r e v i e w  o f  t h e  r h i n o c e r o s e s  w i t h  

a d e s c r i p t i o n  o f  t h e  A p he l o p s  mat e r i a l  from  t h e  

P l i o c e n e  o f  T e x a s . Un i v e r s i t y  o f  C a l i f o r n ia 

Pu b l i c a t i o n s  B u l l e ti n  of  t h e  D e p a r tm e n t  of  G e o l o g i c  

S c i e n c e s , 2 0 : 4 1 1 - 4 8 0 . 

M e r r i am , D .  F .  1 9 6 3 . Th e g e o l o g i c  h i s t o r y  o f  K a n s a s . 

Kan s a s  G e o l o g i c a l  S u r v e y  B u l l e t i n , 1 6 2 : 1 -3 1 7 .  

Mi l l e r , G .  1 9 6 9 . A s t u d y  o f  c u t s , g r o o v e s , a n d  o t h e r  

mar k s  o n  r e c e n t  a n d  f o s s i l  b o ne , I .  An imal t o o t h 

ma r k s . T e b iwa , 1 2 : 2 0 -2 6 . 

M i l l e r , J .  S . an d  R .  M .  Zamm u t o . 1 9 8 3 . L i f e  h i s t o r i e s  

o f  mamma l s : A n  a n a l y s i s  o f  l i f e  t a b l e s . E c o l o g y , 

6 4 : 6 3 1 -6 3 5 . 
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N o e - N y g a ar d , N .  1 9 7 7 . B u t c h e r i n g  a n d  m a r r o w  f r a c t u r i ng 

a s  a t a p h o n o m i c f a c t o r  i n  a r c h e o l o g i c a l  d e p o s i t s . 

P a l e o b i o l o g y , 3 : 2 1 8 - 2 3 7 .  

O s b o r n , H .  F .  1 8 9 8 .  A c o m p l e t e  s k e l e t o n  o f  T e l e o c e r a s  

f o s s i g e r ,  w i t h  n o t e s  u p o n  t h e  g r ow t h  a n d  s e x u a l  

c h a r a c t e r s  o f  t h i s  s p e c i e s . B u l l e t i n  o f  t h e  Ame r i can  

Mu s e um of  N a t u r a l  H i s t o r y , 1 0 : 5 1 -5 9 . 

Rom e r , A .  S .  1 9 6 6 . V e r t e b r a t e  p a l e o n t o l o g y  ( th i r d  

e d i t i o n ) . U n i v e r s i t y  o f  C h i c a g o  P r e s s ,  4 9 1  p .  

S a y e r , J .  A .  a n d  A .  M .  Rakh a . 1 9 7 4 . T h e  a g e  o f  p u b e r t y  

o f  t h e  h i p p o p o t amu s ( Hi pp o p o t a mu s amph i b i u s ) i n  t h e  

Luan gwa R i v e r  i n  e a s t e r n  Z am b i a .  E a s t  A f r i c a n  

Wi l d l i f e  J o u r n a l , 1 2 : 2 2 7 - 2 3 2 . 

S h o tw e l l , J .  A .  1 9 5 8 . I n t e r - c o mm u n i t y  r e l a t i o n s h i p s  i n  

Hem p h i l l i an ( m i d -P l i o c e n e ) mamma l s .  Ec o l o g y , 3 6 : 3 2 7 -

3 3 7 .  

S in c l a i r , A .  R .  E .  1 9 7 4a . T h e  n a t u r a l  r e g u la t i o n  o f  

b u f f a l o  p o p u l a t i o n s  i n  Ea s t  A f r i c a : I .  R e p r o d u c t i o n , 

r e c ru i t m e n t , a n d  g r owth . E a s t  A f r i c a n  W i l d l i f e  

J o u r n al , 1 2 : 1 6 9 - 1 8 3 . 

S in c l a i r , A .  R .  E .  1 9 7 4 b . T h e  n a t u r a l  r e g u la t i o n  o f  

b u f f a l o  p o p u l a t i o n s  i n  Ea s t  A f r i c a : I I . P o p u l a t i o n  

t r e n d s  a n d  mo r t a l i t y . E a s t  A f r i c a n  W i l d l i f e  J o u r n a l , 

1 2 : 1 8 5 - 2 0 0 .  

S k i n n e r , M .  F . , S .  M .  S k i n n e r , a n d  R .  J .  G o o ri s . 1 9 7 7 . 

S t r a t i g r a p h y  a n d  a n d b i o s t r a t i g r a p h y  o f  l a t e  C e n o z o i c  



d e p o s i t s i n  i n  c e n t r a l  S i o u x  C o u n t y ,  w e s t e r n  

N e b ra s ka . Am e r i c a n  M u s e um o f  N a t u r a l  H i s t o r y  

B u l l e t i n , 1 5 8 : 1 - 3 7 1 . 

S p i n a g e , C .  A .  1 96 8 . Me t h o d  f o r  d e r i v i n g  a s u r v i v a l  

c u r v e  o f  y o u n g  c a l v e s i n  w i l d  u n g u l a t e s . N a t u r e ,  

2 1 7 : 4 8 0 - 4 8 1 .  

S p i n a g e ,  C .  A .  1 9 7 2 a . A g e  e s t i mat i o n  o f  z e b r a . E a s t  

A f r i c a n  W i l d l i f e  J o u r n a l , 1 0 : 2 3 7 - 2 7 7 . 

S p i n a g e , C .  A .  1 9 7 2 b . A f r i c a n  u n g u l a t e l i f e  t a b l e s . 

Ec o l o g y , 5 3 : 6 4 5 - 6 5 2 . 

5 7  

S t i r t o n , R .  A .  a n d  V .  L .  Vand e r h o o f .  1 9 33 . O s t e o b o r u s , 

a n e w s p e c i e s  o f  d o g s , a n d  i t s r e l a t i o n s  t o  

B o r o p h a g u s C o p e . Uni v e r s i t y  o f  Ca l i f o r n i a  

Pu b l i c a t i o n s  B u l l e t i n  o f  t h e  D e p a r tm e n t  o f  G e o l o g i c al 

S c i e n c e s , 2 3 1 : 1 7 5- 1 8 2 .  

S u t c l i f f e , A .  J .  1 9 7 0 . S p o t t e d  h y e a n a : c r u s h e r , 

g n aw e r , d i g e s t e r  o f  b o n e s . N a t u r e ,  2 2 7 : 1 1 1 0 - 1 1 1 3 .  

T e d f o r d , R .  H . , M .  F .  S k i n n e r , R .  W .  F i e l d s , J .  M .  

R e n s b e r g e r , D .  T .  Wh i s t l e r , T .  Ga l u s h a , B .  E .  T a y l o r , 

J .  R .  Mac d o n a l d , a n d  S .  D .  W e b b . 1 9 8 7 .  Faun a l  

s u c c e s s i o n  a n d  b i o c h r o n o l o g y  o f  t h e  A r i k a r e a n  t h r o u g h  

Hem p h i l l i a n  i nt e r v a l  ( L a t e  O l i g o c e n e  t h r o u g h  e a r l i e s t  

P l i o c e n e  E p o c h s ) i n  N o r th A m e r i c a . p p .  1 5 3 - 2 1 0 ,  i n  

C e n o z o i c  Mamma l s  o f  N o r t h  Am e r i c a  ( M .  O .  Wo o d b u r n , 

e d . ) .  B e r k e l e y , Un i v e r s i t y  o f  Ca l i f o r n i a  Pr e s s , 

3 3 6  p .  
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T h o ma s s o n , J .  R .  1 9 7 9 . L a t e  C e n o z o i c  g r a s s e s  a n d  o t h e r 

a n g i o s p e rm s  f r om K a n sa s , N e b r a s k a , a n d  C o l o r a d o .  

K a n s a s  G e o l o g i ca l  S ur v e y  B u l l e t i n , 2 1 8 : 1 - 6 8 . 

T h o ma s s o n , J .  R . , M .  E .  N e l s o n , a n d  R .  J .  Zakr z ew s k i . 

1 9 8 6 . A f o s s i l  g r a s s ( G r a m i n e a e : C h l o r i d o i d e a e ) f r o m  

t h e  M i o c e n e  w i t h  K r a n z  a n a t omy . S c i en c e , 2 3 3 : 8 7 6 -

8 7 7 . 

T h o m a s s o n , J .  R .  a n d  R .  J .  Zakr z ews k i . Mi n ium Q u a r r y  

l o c a l  b i o t a  ( Ea r l y  Hemp h i l l i a n ) , G r aham C o u n t y , 

K a ns a s  [ a b s . ] .  J o u r n a l  o f  Ve r t e b r a t e  P a l e o n t o l o g y  

A b s t r a c t s  S u p p l e m e n t  [ a d d i t i o n a l  a b s t r a c t s ] ,  7 ( 3 ) : 1 A -

3 1 A . 

Van Val e n , L .  1 9 6 4 . A g e  i n  t wo f o s s i l  h o r s e  

p o p u l a t i o n s . 

V o o r h i e s , M .  R .  

A c t a  Z o o l o g i c a ,  4 5 : 9 3 - 1 0 6 . 

1 9 6 9 . Ta p h o n o m y  a n d  p o p u l a t i o n  

dy nami c s  o f  a n  e a r l y  P l i o c e n e  v e r t e b r a t e  f a u n a , K n o x  

C o u n t y , N e b r a s k a . Univ e r s i t y  o f  W y o m i n g  

Co n t r i b u t i o n s  t o  G e o l o g y  S p e c i a l  P a p e r , 1 ,  6 9  p .  

V o o r h i e s , M .  R .  1 9 7 9 . A Mi o c e n e  r h i n o c e r o s  h e r d  b u r i e d  

i n  v o l c a n i c  a s h . N a t i o n a l  G e o g r a p h i c  S o c i e t y  

R e s e a r c h R e p o r t s , 1 9 7 9 : 6 7 1 - 6 8 8 . 

V o o r h i e s , M .  R .  a n d  J .  R .  Thoma s s o n . 1 9 7 9 . F o s s i l  

g r a s s  a n t h o e c i a  w i t h i n  M i o c e n e  r h i n o c e r o s  s k e l e t o n s : 

D i e t  i n  a n  e x t i n c t  s p e c i e s . S c i e n c e , 2 0 6 : 3 3 1 -3 3 3 . 

W e b b , S .  D .  1 9 7 7 .  A h i s t o r y  o f  s a v a n n a h  v e r t e b r a t e s  i n  

t h e  n e w  w o r l d , p a r t  I :  N o r t h  A m e r i c a . A n n u a l  R e v i e w  
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o f  E c o l o g i c a l  S y s t e m s , 8 : 3 5 5 -3 8 0 . 

Wo o t t e n , J .  T .  1 9 8 7 .  T h e e f f ec t s  o f  b o d y  ma s s , 

p h y l o g e n y , h a b i t a t , a n d  t r o ph i c  l ev e l o n  mamma l i a n  

a g e  a t  f i r s t  r e p ro d u c t i o n . E v o l u t i o n , 4 1 ( 4 ) : 7 3 2 - 7 4 9 . 
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Table 1 - Surnnary of weathering s tage characteris tics (after Behrensmeyer , 1978 ) . 

Wea thering S tage Years s i nce death 

0 0-1 

1 0-3 

2 2-6 

3 4-15+ 

4 6-15+ 

5 6-15+ 

iliaracteris tics 

-surf ace of bone shows no evidence of cracking 
or f laking due to weathering 

-bone cracked parallel to fiber s truc ture , and 
ar ticular surf aces show mosaic cracking 

-outermos t concentric thin layers of bone show 
f laking , especially near cracks . Long thin 
f lakes a t tached at one end comnon , followed by 
loss of mo s t  outer bone . 

-surface has patches of rough , evenly weathered 
compact bone , resul ting in fibrous tex ture , 
wi th loss of all external concentrica lly 
layered bone . Pene tration of weathering less 
than 1 .0-1 . 5  11111 , crack edges rounded . 

-surface coarsely f ibrous and rough , with loose 
large and smal l  splin ters . Weathering reaches 
inner cavi ties , and cracks are open and have 
rounded or splintered edges . 

-bone fallen apart in s i tu , mo s t ly in splin ters 
and very fragile . -Oifficu l t  t o  tell original 
shape of bone . Cancellous bone exposed . 

- I 



Table 2- Large ungula tes >100 kg assessed for wea thering damage , carqivory , and scavenging . 

Untranspor ted Sample Tax on To tal 
Specimens % of to tali % of individuals (MNI) % of ungulates2 

H . h . 

3 ennauc en1a �. 
3 Procamelus �· 

3 Megatylopus �· 

&]uidae ( small)4 

Equidae (medium)4 

Equidae ( large)4 

5 Teleoceros �· 
5 Aphelops �· 

TOTALS 

10 

27 

8 

71  

99  

4 

267 

3 

489 

100 ( 10) 

7 8 ( 2 1 )  

66( 6 )  

80( 57 )  

7 8 ( 77)  

75 ( 3 )  

95( 253) 

100(3)  

84( 410) 

1 .  number in parentheses = untranspor ted specimens 

100(4)  

100 ( 5 )  

66 ( 2 )  

63( 8 )  

90( 10) 

75( 3 )  

100(21 ) 

100( 1 )  

87(53)  

2 .  number in paren theses = percen t of untransported individual ungula tes 
3 .  Family Camelidae (LaGarry , 1987) 
4.  post-cranial ma terial no t assigned to individual taxon 

�5 . Family Rhinoc.ero tidae 

2 ( 6 )  

5 (9)  

1 ( 4)  

13(15)  

1 7 ( 19) 

1 (5 )  

60(40) 

1 ( 2 )  

100( 100)  

-\ 



Table 3- Pos t-mortem bone modification observed in Minium Quarry ugulates >100 kg . 1 

Damage % of total % of camel % of horse % of rhinoceros sample 

gouging , pits , and 32 22 1 2  42 
broken spalls 

scratching 4 19  3 2 

spiral fracturing 7 1 1  15 1 
' 

trampling -Im 

insect  burrows '"* 

plan t roots 55 16 26 73 

1 .  untransported sample only 
-!n'r: this damage represented in less than 1% of sample 



Tab le  4 - Compar ison of bone da mage types:  E xtan t  carn ivora 

Toot h ma rks on  
t compact bone 

G ri n d i n g  of end s  t 
vs.  b i t i n g t h ro ug h 

Shape of  tooth 
. . . 

1 m pre ss 1 o n  1 n 
tra b e c u l a r  bone 

t 

(af ter H aynes, 1 9 8 3) 

CA N I D S 

L I K E LY 

M OST LY 
B I T I N G  

C O N E  

H YE N AS B E A R S  F E  L I D S 

MOST LI K E LY NOT L I K E LY UN L I K E LY 

B IT I N G  & G R I N D I NG . .  B IT I N G  
G R I N D I NG O N LY O N LY 

CON E · O o R D U V "  

- \  
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1 ·  Table 5- C.Ompiled measurements of Teleoceras lower cheek teeth (nm) . 

. Tooth A-P Length breadth 

N Range x SD N Range x SD 

dP
2 

2 30 . 2-35 . 1  32 . 65 3 . 46 2 1 7 . 0-19 .0 1 8 .00 1 . 41 

dP
3 4 43 . 5-48 . 8  46 . 30 2 . 19 4 23 . 3-26 . 2  24 . 70 1 . 20 

dP4 2 52 . 9-53 . 1  53 . 00 0 . 14 2 29 . 1-29 . 9  29 . 50 0 . 57 

p
2 2 20 . 5-21 . 0  20 . 75 0 . 35 2 16 . 0-16 . 4  16 . 20 0 . 28 

P3 2 44 . 2-54 . 4  49 . 30 7 . 21 2 29 . 7-45 . 6  37 . 65 1 1 . 24 

P
4 

3 49 . 8-56 . 3  52 , 59 3 . 35 3 36 . 9-41 . 9  39 . 33 2 . 50 

M
l 

4 54 . 3-64 . 2  59 . 88 3 . 86 4 37 . 0-40 . 0  39 . 10 1 . 43 

M
2 

6 60 . 3-75 . 0  66 ,62 5 . 25 6 36 . 7-42 . 6  39 . 87 1 . 93 

M
3 

3 65 . 3-76 . 5  69�  77 5 . 93 3 37 . 9-40 . 6  39 . 50 1 . 42 

1. socketed dentitions of known position only 



Table 6- Age profile o f  Minit.nn Quarry Teleoceras popula tion , 
with no distinction be tween sexes . 

Age Intervals (in years ) # Individuals 

At leas t But below 

o . o  4 . 5  0 

4 . 5  9 . 0  10 

9 . 0  . 13 . 5  0 

13 . 5  18 . 0  0 

18 . 0  22 . 5  0 

22 . 5  27 . 0  0 

27 . 0  31 . 5  0 

31 . 5  36 . 0  0 

36 . 0  40 . 5  7 

40 . 5  45 . 0  7 

To tal number of individual s  = 24 

Number of dP4 analyzed = 6 

Number of � analyzed = 19 




