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A B S T R A C T

CARDIOVASCULAR DISEASE I I  FBEELIVIIC WILD AIIMAiS '
WITH PARTICULAR HEPERERCE TO THE APRICAI ELEPHANT 

' ( Loxodonta a f r ic a n a )
#:-s, i r « o tr« t i= j

A'-'» i*-j SylT ia K. S ikes r ‘ -~ .j,-,..
{T R w l« i Ph .D . z o o lo g y ) ^

A f ie ld  survey to  in v e s t ig a te  th e  ecology o f 'o a rd io -  
v aso u la r d ise a se  in  f r e e l iv in g  w ild anim als i s  desoribed*

I t s  aim was i )  to  a s se ss  the s u s o e p t ib i l i ty 'o f  such
4

anim als to  a r te r io s c le r o s i s ,  and p a r t ic u la r ly  to  a th ero 
s c le r o s is ;  i i )  to  examine in  g re a te r  d e t a i l  th e  ecology of 
o ard io v aso u lar d ise a se  in  a s in g le ,  n a tu ra l ly - s u s c e p tib le  
sp ec ie s  in  r e la t io n  to  d ie ta ry  change and s t r e s s  in
n a tu ra l ly  o ccu rrin g  s i tu a t io n s .  Xn/

4-3
A to ta l  of 201 specim ens, re p re se n tin g  sp ec ie s  of 

mammals and 2 )  c f  b ird s ,  was ezaminedt%»37 sp e c ie s  of mammals 
had uncom plicated l ip id  d e p o s its  in  th e  a r t e r i a l  in tim a , 
thought to  re p re se n t a normal p h y s io lo g ica l occurrence; 13 
had a therom a-like  le s io n s  of th e  in tim a; 20 sp ec ie s  of 
b ird s  showed p o s i t iv e  l ip id o s i s .  These f in d in g s , compared 
w ith those rep o rted  in  taxonom ioally  eq u iv a len t groups of 
ca p tiv e  an im als, a re  d isc u sse d .

The A frican  e lephan t was s e le c te d  fo r  s p e c ia l  s tu d y .
The ecology of i t s  ca rd io v asc u la r  d is e a se  p a t te rn s  was 
s tu d ied  in  th re e  d i f f e r e n t  h a b i ta t  ty p est one 'n a tu ra l*
( th e  'c o n t r o l ' ) , and two degenerate  ( 's t r e s s e d ') .  Athero
s c le ro s is  and m edial s c le r o s is  were found not to  occur in  
th e  ' n a tu r a l ' h a b i ta t  ty p e , but to  be d i r e c t ly  c o rre la te d

R.H.C
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w ith h a b i ta t  d eg en era tio n  in  th e  o th e r two 's t r e s s e d ' 
ran g es , where 's t r e s s '  f a c to r s  included  excessive  
exposure to  s u n lig h t,  d ie ta ry  changes, f r u s t r a t io n  of 
th e  m igratory  h a b i t ,  d is ru p te d  ca lv in g  p a t te rn s ,  and 
o v er-p o p u la tio n . N either d ise a se  was found to  be 
d i r e c t ly  r e la te d  to  age, and each had a d i s t i n c t  i n t r a -  
a r t e r i a l  development p a tte rn s  th e  ae tio lo g y  of each i s  
th e re fo re  thought to  be b a s ic a l ly  independent, although 
in  advanced cases in te r a c t io n  may occur.

V ■■ ‘J-yi-
In c id e n ta l r e s u l t s  o f th e  survey inc ludes : ^

i )  o b serva tions on the  im portance of r e la t in g  th e  m g
fu n c tio n a l anatomy of th e  a r t e r i a l  su p p o rtiv e  th ick en in g s ”4
a t  o s t i a ,  b ifu rc a tio n  and reg io n s of m echanical s t r a i n  
to  the  normal i n t r a - a o r t i c  d i s t r ib u t io n  of uncom plicated 
in tim a i l ip id  d e p o s its ; i i )  o b se rv a tio n s  on a v a lv e - l ik e  
s t ru c tu re  in  th e  a o r ta  of th e  k lip s p r in g e r ;  and i i i )  the  
fo rm u la tion  of a new f i e ld  technique fo r  a s se ss in g  r e la t iv e  
age in  th e  A frican  e lep h an t.
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INTRODUCTION

This th e s is  c o n s t i tu te s  an account of th e  in v e s t i 

g a tio n s  and r e s u l t s  of a p i l o t  su rvey , c a rr ie d  out under 

the  ausp ices of the  Pathology Department, N uffie ld  

I n s t i t u t e  of Comparative M edicine, The Z oological S ocie ty  

of London, and sponsored by the  B r i t i s h  Heart Foundation, 

as a c o n trib u to ry  p a r t  of a much w ider re se a rc h  programme 

on human atherom a. The generous f in a n c ia l  support and 

encouragement given by th e  B r i t i s h  H eart Foundation are  

g r a te fu l ly  acknowledged.

Background to th e  survey

I n te r e s t  in  the  occurrence of a th e ro s c le ro s is  in  w ild 

anim als cap tiv e  in  zo o lo g ica l gardens was euroused by the
'

p u b lic a tio n s  of Fox (1933; 1939) end R a tc l i f f s  & Cronin 

( 1958) . Comparable occurrenoes of a r t e r i a l  d ise a se  were 

observed by th e  P a th o lo g is t a t  th e  Gardens of th e  Zoologi

ca l S ocie ty  of London and describ ed  in  h is  annual re p o r ts  

to  th e  S ocie ty  (Fiennes 195^/l9& 4)*

The co -o p era tio n  of members of th e  m edical p ro fe ss io n
’■ Ï  ' f

in  ex tending th ese  in v e s tig a tio n s  on a com parative b as is  

was th e re fo re  in v ite d . The m a te r ia l examined co n s is ted

01  -



alm ost ex c lu siv e ly  of ro u tin e  autopsy cases p ass in g  through 

th e  Department of Pathology, Z oo log ical S ocie ty  of London.

The f in d in g s  of th ese  extended s tu d ie s  have been f u l ly  

described  (&igg, F in layson  ^ . 1960; Symons & PienneJ|l962; 

F in layson  196) ;  F iennes 19&5)*

The c la s s i f i c a t io n  and enum eration of th e  a r t e r i a l  

le s io n s  found, and e lu c id a tio n  of th e i r  p a th o g en es is , in  

r e la t io n  to  f a c to rs  o p e ra tin g  in  co n d itio n s p re v a ilin g  in  

Zoos and experim ental la b o ra to r ie s  a lone  was, however, seen 

to  be inadequate . The need fo r  a f i e ld  "contro l*  survey, 

p r im a rily  eco lo g ica l in  c h a ra o te r , was reoogn ised , and th e  

B r i t is h  H eart Foundation agreed to  sponsor and fin an ce  i t .

I had th e  p r iv i le g e  of being appointed  to  c a rry  out th is  

f i e ld  survey over th e  period  from I 963 to  I 966 (subsequen t- 

ly  extended to  19^7 )^.

I t  has no t been p o ss ib le  in  the  tim e a v a ila b le  to  

complete d e ta i le d  in v e s tig a tio n s  on a l l  the  a sp ec ts  of the  

m a te r ia l c o lle c te d  ( e .g .  o th e r  p a th o lo g ic a l f in d in g s | n u tr i 

t io n a l  f a c to r s ;  blood serum a n a ly se s ) , fo r  which the 

c o lla b o ra tio n  of s p e c ia l i s t s  in  o th e r  f i e ld s  i s  necessary .

*( I  am indebted  to  the  B r i t i s h  H eart Foundation, and Royal 
Holloway C ollege, U n iv ers ity  of London, who have k in d ly  
perm itted  me to  make th i s  survey th e  su b je c t o f th is  
t h e s i s . )



5'
r -

P ro v is io n  h as , however, been made by th e  Sponsors of the  

p ro je c t  to  ensure th e  ea r ly  com pletion of th ese  in v e s t i 

g a tio n * . % - t j .  ; ^ ^

The f i e ld  survey was thus v launched in  October 1) 63.

I  made the  fo llow ing  4 .h y p o th eses ,th e  working b a s is  o f my 

stu d y . The soundness of t h i s  d e c is io n  i s  d iscussed  

f u r th w  in  V o l .I I ,  pp 555 - .5 7 2 . _ „

i ) Hypothesis

Since i t  appears th a t  only a few genera o f th e  

v e r te b ra te s  so far^ examined in  c a p t iv i ty  a re  s u s c e p tib le  

to  true^atherom a, w hile some a re  r é s i s t a n t  to  i t  in  

co n d itio n s o th e r  than*’ experim en ta l, and in  o th e rs  th e  

s u s c e p t ib i l i ty  l in e  ou ts through th e  group, s u s c e p t ib i l i ty  

may be dependent upon some f a c to r  o p e ra tin g  w ith in  th e  

sp e c ie s .

F ie ld  t e s t  re q u ire d t

To what ex ten t and in  what co n d itio n s in  n a tu re  

does a r te r io s c le r o s i s , and in  p a r t ic u la r ly  atherom a, 

occur in  f r e e l iv in g  w ild an im als, and i s  i t  confined^to  th e  same



8

grou /e o f BUBoaptibl. anim als as in  c a p tiv i ty ?  " ' 

i p Hypotheaie 

 ̂ ) In view of i )  above# w hile i t  appears th a t  some 

n a tu ra l ly  frug ivo rous o r omnivorous groups P s i t t a -  '

c id a e # S u idae) a re  r e s i s t a n t  to  latheroma# o th e r  members  ̂

o f th e se  groups, n a tu ra l ly  gram inivorous o r Experim ent-
(?[ SteJ cnr

a l l j^ s e o o n d a r ily  fed a gram inivorous d ie t^  a re  atherom a- 

su soep tib le#

F ie ld  t e s t  req u ired  %

Can a n a tu ra lly -o c c u rr in g  s i tu a t io n  be found where 

a f r e e l iv in g  w ild sp e c ie s , norm ally omnivorous or f r u g i -  

vorous, has become se co n d a rily  gram inivorous and i f  so , 

can any n u t r i t io n a l  r e la t io n s h ip  be found between th e

occurrence of a r t e r io s c le r o t i c  le s io n s  and th e  change 

o f d is to ry  h sM t?  . . .  .

i i i )  Hypothesis

I t  appears tha t#

a) anim als su s c e p tib le  to  atheroma a re  those  which under 

n a tu ra l oon d itio n s would have an e s p e c ia lly  la rg e  in ta k e  

o f v itam in  C in  f r u i t s  or sh o o ts , b u t"a re  seco n d a rily  

deprived  of i t ;  ' ‘ ^

b) a l l  those  (Man and th e  sub-human Prim ates^ g u in ea-p ig .

' t .



p o u ltry ) ,  known to  be unab le  to ,s y n th e s is e  v itam in  C ,f 

a re  among th e  su sc e p tib le  groups; * tcmpc '

c )  flone of the  r e s i s t a n t  speo iee i s  known to  re q u ire  

v itam in  C in ^ th e  d ie t ;  . • T g

d) th e  development of a th e ro s o le ro s is t ls ta s s o c ia te d  w ith  

h yperoho lestero laem ia , and blood c h o le s te ro l le v e ls  can

be lowered b y ,th e  a d d itio n  of o e r ta in  o f th e  u n sa tu ra ted  

f a t t y  ac id s to  the  d ie t ;  

g e) th e  organ re sp o n s ib le  fo r  th e  metabolism of th e  un- 

s a tu ra te d  f a t t y  ac id s  i s  th e  a d re n a l, and th a t  th i s  gland 

re q u ire s  v itam in  C f o r “th e  p u rp o se - (R a tc lif fe  & Cronin 1958);

f )  the  in c re a s in g  p o p u la r ity  c f . th e  em p irica l feed ing  of 

sprouted  g ra in s  fo r  c a p tiv e  and experim ental rodents^  emd 

som e,species of b ird s  i s  due to  i t s  b e n e f ic ia l  p ro p e r t ie s ,

/ .. . supposedly d e r iv in g  from th e  v itam in  con ten ts  which a re

' h igh in  germ inating  seed s; . i
g -

g ) th e  v itam in  C requirem ents o f d i f f e r e n t  groups of

fi,-
mammals and b ird s  need r e - a p p r a is a l ,  th e  e s s e n t ia l  f a t t y  

ac idy^aoorbu tio  p ro p e r tie s  of a d ie t  being per se  an 

 ̂ - in s u f f ic ie n t  c r i te r io n ;  th e  p rog ress o f th e  p h y s io lo g ica l

co n d itio n  of " f a t ty  s trea k in g "  to  a p a th o lo g ic a l co n d itio n  

-w, may reasonab ly  be supposed to  be asso o ia ted  w ith  a change ^
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from a h igh  v itam in  d i e t  ( f r u i t ,  r o o ts ,  sh o o ts )  to  one 

o f seeds o r g ra in s  low in  th e se  n u t r i t i o n a l  components, 

and p o s s ib ly  a n ta g o n is t ic  to  them.

F ie ld  t e s t  r e q u ir e d t

Cem any n a tu ra l ly -o c c u r r in g  e c o lo g ic a l s i t u a t i o n  be 

found, su g g e s tin g  a p o s s ib le  v i ta m in - a r te r io s c le r o s i s  

r e la t io n s h ip ?

iv )  H ypothesis

When w ild  anim als a re  over-crowded in  an abnorm ally 

r e s t r i c t e d  t e r r i t o r y  and su b je c te d  to  co n d itio n s  induc ing  

d is ru p te d  i n t e r -  and i n t r a - s p e c i f i c  b e h a v io u r 're sp o n se s , 

they  show s ig n s  of s t r e s s  having th e  e f f e c t  o f l im i t in g  

th e  p o p u la tio n  and red u c in g  lo n g e v ity  ( R a tc l i f f s  A Cronin 

1958; F iennes 19^3 )o

F ie ld  t e s t  r e q u ir e d t

Can any n a tu ra l ly -o c c u r r in g  s i t u a t io n  be found 

where a s t r e s s e d  p o p u la tio n  o f a s in g le  sp e c ie s  can be 

compared w ith  a n o n -s tre sse d  p o p u la tio n ?  I f  so , i s  

any r e la t io n s h ip  in d ic a te d  th e re  between s t r e s s  f a c to r s  

and th e  occurrence  of a r te r io s c le r o s i s ?

A fte r  b r ie f in g  in  s p e c ia l is e d  tech n iq u es
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a t  th e  Department of Pathology of th e  Z oological Society

of London, tA .U n iv e r s i ty  C ollege H osp ita l M edical School,
I oxeJt

London, and th e  Royal V ete rin ary  C o llege , London,*to Eeist 

A frica  fo r  th e  f i r s t  s ta g e  of th e  programme.

In th is  phase, I  was to  c o l le c t  c a rd io v ascu la r  m a te r ia l 

from e ld e r ly  specim ens, of known e c o lo g ic a l s t a tu s ,  of as 

wide a range of av ian  and mammalian sp ec ie s  as p o s s ib le . 

While doing so , I  was to  t ry  to  f in d  a s u i ta b le  sp ec ie s  

o ccu rrin g  in  s u i ta b ly  c o n tra s te d  h a b i ta t s ,  which, w ith  

due regard  to  e x is t in g  law and p ra c t ic e  r e l a t i v e  to  

conserv a tio n  p r in c ip le s ,  could subsequen tly  become th e  

su b je c t of more in te n s iv e  s tu d y , Ky abridged re p o r t ,  

read on my r e tu rn  from th e  f i r s t  phase of th e  survey, a t  

th e  Meeting c f  th e  N uffie ld  I n s t i t u t e  C ard iovascu lar 

Research Committee, on ? th  October I 964 , i s  appended ' 

(Appendix 2, ) , . .

The survey then moved in to  i t s  second phase, w ith  

th e  C ard iovascu lar Com m ittee's extended a u th o r is a tio n  and 

f in a n c e , as fo llo w s# -

A, to  o b ta in  a d d it io n a l  aged specimens of species^ shown

p rev io u sly  in  Zoos to  be atherom a-prone;

« ( th e  help  given by members of each of th ese  departm ents 
i s  g r a te fu l ly  acknowledged).
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B. to  o b ta in  more m a te r ia l from la rg e  mammals, 

e s p e c ia lly  b u ffa lo  and hippopotamus, in  which o th e r 

workers had re c e n tly  claim ed to  have dem onstrated 

a th e ro s c le ro s is  of th e  same type as occurs so commonly 

in  Man; and

C# to  pursue the com parative study  of e lep h an t a r te r i e s  

from good and bad h a b i ta t s .  A more d e ta i le d  minute 

recorded by th e  Committee on th is  s u b je c t ,  and quoted 

here by perm ission , was as fo llo w si

"A r te r ia l  D isease of E lephan ts . Miss S ik e s ' n eg a tiv e

fin d in g s  were of g re a t  value to  the  study  in  hand.$
Her most e x c itin g  p o s i t iv e  f in d in g  was th e  a r t e r i a l  

le s io n s  in  the  a o r ta e  of e lep h an ts in  th e  Murchison 

Park a re a , whereas a s in g le  aged specimen taken in  th e  

Aberdare Mountains was n eg a tiv e . The e lep h an ts  in  th e  

Murchison area  a re  overpopulated ; th e i r  n a tu ra l  food 

( t r e e  p ro d u c ts) no longer e x is ts  th e re , and they 

s u b s is t  on g rass  and a re  in  poor co n d itio n . Though 

p ro tec ted  from h u n tin g , th e i r  m ig ra tion  cmd escape 

ro u te s  a re  la rg e ly  b locked, and th e  whole popu la tion  

i s  overcrowded and s t r e s s e d . In th e  Aberdare m ountains, 

though hunted, th e  e lephan ts have a wide choice of
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n a tu ra l  d i e t s ,  a re  no t overcrowded, eind th e i r  m ig ra tio n  

ro u te s  a re  s t i l l  open to  them.

The fu r th e r  com parative study  of a r t e r i e s  in  e le 

phants in  good and had h a b i ta ts  was considered  to  be 

u r g e n t l y  n ecessa ry ."

The A frican  e lephan t was thus se le c te d  as th e  _ 

specie#  f o r  more in te n s iv e  ec o lo g ic a l in v e s t ig a t io n  in  

r e la t io n  to  i t s  o ard iovasou lar patho logy .

Procedures

W ithin th e  l im its  o f tim e and finetnce a v a ila b le ,  

th e se  extended terms of re fe re n c e  were met d u rin g  th e  

second phase of th e  su rvey , November I 964 -  August 1965, 

th e  period  from September 19&5 to  th e  p resen t^ h iv in g  been 

spen t on la b o ra to ry  in v e s tig a tio n s  and ana lyses o f th e  

d a ta  and m a te r ia l c o lle c te d  in  E ast A fr ic a .

The ev a lu a tio n  procedures follow ed during  th i s  p ro je c t  

f a l l  n a tu ra l ly  in to  two p a r ts  and a re  as fo llow s 1-

PART I t  GENERAL SURVEY OF CARDIOVASCULAR DISEASE IN
FREELIVING WILD EAST AFRICAN MAMMALS AND BIRDS

L. Rough e s tim a tio n  of r e l a t i v e  age (d e n t i t io n ,  s iz e ,

appearance, s t a tu s ,  e t c . )
1.

2. Macroscopic exam ination of h e a rts  and a o r ta e .

Sudeui IV fo r  a o r ta e .
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3# Frozen and p a ra f f in  eec tio n a  of a r t e r i a l  le s io n s , 

and id e n t i f ic a t io n .
« I

4« Id e n t i f ic a t io n  of in te rn a l  p a r a s i te s .

5. Serum a n a ly s is .

6. Other trau m a tic , co n g en ita l and p a th o lo g ic a l 

co n d itio n s and re lev an ce  to  c a rd io v ascu la r  d ise a se  

found.

PART l i t  THE ECOJüOGI OF CARDIOVASCULAR DISEASE IN 
FREBiJVINO WILD EJÆPHANTS IN EAST AFRICA

A. F ie ld  s tu d ie s  and c o l le c t io n  of d a ta

The l iv in g  elephan t and i t s  Post-mortem s tu d ie s
eco lo g ica l background

1. Normal appearance in  l i f e  — body measurements '^
2 . Age e s tim a tio n  in  l i f e  -----  ageing# d e n t i t io n  aind eye-

len s  weights
3 . Signs of d ise a se  in  l i f e  —  p a th o lo g ic a l co n d itio n s found
4. N u trition#  photos and ,

id e n t i f ic a t io n  of food ----  co n ten ts  of stomach, caecum
p la n ts  and rectum

5* In ju r ie s  —  trau m a tic  co n d itio n s found
6. P a ra s ite s  —  id e n t i f ic a t io n
7 . M igrations and s o c ia l  " ’

s t r u c tu re  of e lep h an t —  sexual s ta tu s  
communities

8 . P o ss ib le  s t r e s s  fa c to rs#
confinem ent to  P arks, over
p o p u la tio n , food sh o rtag e , —search  fo r  any fa c to rs  which 
over-exposure to  s u n lig h t ,  might be c o rre la te d  w ith
a l t i tu d e  changes^ e tc .  ca rd io v ascu la r  d ise a se



B. Laboratory aBseeement of m a te r ia ls

1* Ageing . /  - c;.- -mm

2. M acro-ezam ination of a o r ta e
I )  Sudan IV * photography# l ip id  d is t r ib u t io n
I I )  X-ray photography# C aloiua d is t r ib u t io n

3* N ioro-ezam ination  ̂ ^
i )  P a ra f f in  se c tio n s  ^
i i )  Frozen sec tio n s#  h e a r t ,  a r t e r i e s  and o th e r t is s u e s

4# Normal and abnormal development and s t r u c tu re  of h e a r t  
and a o r ta

5* Bnvironmental f a c to r s

6 . Attempted assessm ent of e f f e c ts  of re le v a n t fac to rs#  
n u t r i t io n ,  s t r e s s  etc*

Since th i s  survey i s  p r im a rily  a p i lo t  s tudy  on the  

ecology of a th e ro s c le ro s is  in  n a tu re , i t  i s  ap p ro p ria te , 

even in  th e  case of th e  A frican  e lephan t,,to  regard  th e  more 

d e ta i le d  e lu c id a tio n  of th e  a r t e r i a l  h is to ch em is try  and 

h is tcp a th o lo g y  as th e  p re ro g a tiv e  o f s p e c ia l i s t s  in  the  

d is c ip l in e s  of b iochem istry  and pathology* Frozen m a te r ia l , 

in  q u a n t i t ie s  adequate a lso  fo r  s t a t i s t i c a l  tre a tm en t, w ill  

no doubt s h o r t ly  become r e a d i ly  a v a ila b le  f o r  th i s  type of 

in v e s t ig a t io n , as w ell as fo r  e le c tro n  m icroscopy, from 

th e  ex ten siv e  'game cropping* schem es/ which came in to  

o p e ra tio n  in  E ast A frica  in  th e  l a t t e r  p a r t  o f 1)65*



Il

V aluable as suoh work w il l  be, however, th e  N ational 

P arks, where th ese  'game cropp ing ' schemes a re  o p era ted , 

cannot be regarded as normal 'w ild ' h a b i ta ts  b u t r a th e r  

as 's e m i - a r t i f i c i a l '  (HcDlarmid 1 )6 2 ). Consequently, 

m a te r ia l c o lle c te d  from them is  l ik e ly  to  approxim ate 

more c lo se ly  to  th a t  of cap tiv e  anim als r a th e r  than * of 

genuinely  'w ild ' an im als, f r e e l iv in g  in  an unchanged t r u ly  

n a tu ra l  h a b i ta t .
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PART I ST ^ -tv

GENERAL SURVEY OF CARDIOVASCULAR DISEASE
f

IN FREELIVING WILD EAST AFRICAN MAMMALS AND BIRDS

■'• * Chapter 1 the

D éfin itionmtf and reyieM ^of com parative, s tu d i e s K& 
in .c a rd lo ra a c u la r  d l * ^ .

The ra p id ly  in c re a s in g  volume of re se a rc h  in to  

a l l  a sp ec ts  of human a th e ro s c le ro s is  has r e s u l te d  in  the  

production  of v a s t amount)of in fo rm ation  and l i t e r a t u r e  

on the s u b je c t ,  This i s  o f te n  d eriv ed  from d iv e rse  

and h igh ly  sp e c ia lis e d  asso o ia ted  d is c ip l in e s .  The 

V eterinary  P u b lic  H ealth U nit of th e  World H ealth  Organi

s a t io n  provides an u p - to -d a te  b ib lio g rap h y  of com parative 

a th e ro s c le ro s is  re se a rc h , and re le v a n t comprehensive 

b ib lio g ra p h ie s  a re  a v a ila b le  in  re c e n t monographs 

(Branvood 1963; Jones 1963; Sandler and Bourne 1963; ,

Chalmers and Gresham I 964; F in layson  196) ;  R oberts and 

S tra u s f  1965) , w hile c u rre n t re se a rch  p u b lic a tio n s  w ith 

f u l l  b ib lio g ra p h ie s  s p e c i f ic a l ly  concerned w ith a th e ro 

s c le r o s is  and re la te d  s u b je c ts  a re  a v a i la b le . in  the 

Journal*of A th e ro sc le ro s is  Research, Amsterdam. S ince _.

4
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th e  p re sen t s tu d y , how ever,^is p r im a rily  e c o lo g ic a l in ^  

c h a ra o te r , focus has been r e s t r i c t e d  to  d i r e o t ly  re le v a n t 

and d e fln iU o n B . . |i-

Although th e  terms of re fe re n c e  in  th i s  survey were *La: .  ̂ ', t ’
p rim a rily  in tended  fo r  an in v e s t ig a t io n  of th e  occurrencerJ- i, %k= r-. V ■- ^/ •
o f a th e ro s c le ro s is  in  f r e e l iv in g  w ild ,an im a ls , th e  use of

^   ̂ ^ .  J  ^  — -

th i s  term i s  by no means uniform  among a l l  in v e s t ig a to r s .

F in layson  ( I 965) , w ritin g  th e  view point of human

m edical patho logy , s ta te d  in t e r  a l i a : "The term inology of^ 

a r t e r i a l  d iso rd e rs  i s  both  confusing  and confused. The
J. f  f ) .  - TT ■ ■

term 'a r t e r io s c l e r o s i s '  which custom arily  in c lu d es a th ero 

s c le r o s i s ,  m edial c a lc i f ic a t io n  and o th e r  m orphological
t

le s io n s ,  conven ien tly  envelops our ignorance of a e tio lo g y  - 

and p a th o g e n e s is .• . .  A number of v a sc u la r  le s io n s  in  anim als 

defy  ready c l a s s i f i c a t i o n ,  bu t u n t i l  more i s  known about 

th e i r  a e tio lo g y , i t  would seen in a d v isa b le  e i th e r  to  fa sh io n-r, # --""

new names or to  c a s t them in to  th e  lumber-room of a r te r io 

s c le r o s i s ."  Dahme (1962) w rote: "The a r te r io s c le ro s e s  

which occur spontaneously^ in  v ario u s anim als a re  no t uniform , 

e i th e r  in  n a tu re , in te n s i ty  or d i s t r ib u t io n  in  th e  a r t e r i e s .  

They show moreover w ith in  a s in g le  anim al sp ec ies ch a ra c te r

i s t i c  V aria tio n s  and a re  only p a r t i a l l y  comparable w ith human 

a r te r io s c le r o s i s ."  . . .
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^  In  th e  most comprehensive and a u th o r i ta t iv e  re c e n t 

work on com parative a th e ro s c le ro s is ,  to  which 56 au thors 

c u rre n tly  engaged in  re se a rc h  on a th e ro sc le ro se s  co n trib u ted , 

MacMillan (1965) summed up the  d if f ic u l ty ^ a e  fo llo w s t"  The 

term 'a th e r o s c le r o s i s ' i s  commonly.used to  connote le s io n s  

th a t  co n ta in  l ip id  in  e a s i ly  id e n t i f ia b le  amount. Most 

of th e  le s io n s  th a t  have been d escribed  here a re  a r t e r io 

s c le r o t i c ,  some m edial, some in tim a i, and some c o r re c t ly  

s u b c la s s if ie d  as a th e ro s c le ro t ic .  I t  must be emphasised 

fo rc e fu lly  th a t  our d e f in i t io n s  o f 'a r t e r i o s c l e r o s i s '  a re  

s t i l l  d e s c r ip t iv e .  While we may r e g re t  th a t  we have no t 

advanced beyond th e  d e s c r ip t iv e  d e f in i t io n s  o ffe red  by 

the  American Society  fo r  th e  Study of A r te r io s c le ro s is ,  or 

th e  World H ealth O rg an isa tio n , n e v e rth e le ss  we have n o t."

French ( I 964) regarded  'a r t e r i o s c l e r o s i s '  as a 'g e n e r ic ' 

term and inc luded  w ith in  i t  th re e  main types of s o le r o t ic  ^  

a r t e r i a l  d ise a se  c le a r ly  d is tin g u ish e d  in  Nan#

( i )  d if fu s e  h y p e rp la s tic  s c le r o s is  of th e  sm all

a r t e r i e s  ( 'a r te r io sc le r^ o s is*  in  American medical

tM «lnology,^A non. )} js*u?r«>«c.r f ro *  - -

(11) mwltal o r MOnk.bwrg*. a o l .a f .ts  of t h .  muscular

a r t e r l w ,  A  (l.% 3) /.u ; VI/ (j
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.V  ;

f  . V -

( i l l ) a th e ro sc le r o s i s ,  a d ise a se  a f f e c t in g , th e  in tim a 

o f th e  a o r ta  andcleurger d is t r ib u t in g  a r t e r i e s ,  

an d .tak in g  th e  form of fo ca l* th ick en in g s  o r ,
k .

plaques of f ib ro u s  and f a t t y  m a te r ia l .  The 

word 'a th e ro m a* /re fe rs  to  an advanced a th e ro 

s c le r o t ic  le s io n  in  which th e  f a t t y  elem ent 

p redom inates, -^cirxoally , a ;

The d e f in i t io n  o f a th e ro s c le ro s is  in te rn a t io n a l ly  

accepted i s  th a t  of th e  World H ealth  O rgan isa tion  (1958), 

a d e f in i t io n  a lso  adoptedtby th e  Jo u rn a l o f A th e ro sc le ro s is  

Research to  d e fin e  As b a s is  and scope, when i t  was founded 

in  1961 (A n o n .l9 6 l)e - a1 eontributio*^

"A th e ro sc le ro s is  i s  a v a r ia b le  com bination of changes 

of th e  in tim a of a r t e r i e s  (as d i s t i n c t  from a r t e r io l e s )  

c o n s is tin g  of th e  fo c a l accum ulation of l i p i d s ,  complex 

ca rbohydrates, blood and blood p ro d u c ts , f ib ro u s  t i s s u e  

emd Calcium d e p o s its ,  and a sso o ia ted  w ith  medial changes". 

Since suoh a c le a r  d i s t in c t io n  i s  made between a t  l e a s t  

th re e  d i s t i n c t  typed o f a r te r io s c le r o t i c ,d i s e a s e  in  Nan, 

and th ese  a g a in 'a re  r ig id ly  d is tin g u ish e d  from a r t e r i t i d e s  

caused by in fe c t iv e  and inflam m atory ag e n ts , i t  i s  most » 

s u rp r is in g  to  f in d  Lindsay & Chaikoff (1963) and F in iayso n (l965)
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ooncludlng th a t  they  should use th e  term s 'a r t e r i o 

s c le r o s i s ' and 'a th e r o s c le r o s i s ' synonymously. ~

In th i s  th e s is I  th e  term inology, summarised above, 

defined  by French ( I 964) w ith th e  d e f in i t io n  of th e  World 

H ealth O rgan isa tion  (1958), w ill  be fo llow ed , th e  term — 

'a r t e r i o s c l e r o s i s '  being  used in  a 'g e n e r ic ' (r sen se ,

emd 'a th e r o s c le r o s i s ' s p e c i f ic a l ly ,  a d i s t in c t io n  being  *
;

drawn between th e  occurrences in  w ild anim als whioh resem ble 

th i s  human d ise a se , and th e  o th e r types o f le s io n s  found. 

This seems to  th e  au thor to  be the  only  p o ss ib le  approach

to  fundamental re se a rch  in  com parative a th e ro s c le ro s is ,  i f
»

i t  i s  to  make any r e a l  and meaningful^ c o n tr ib u tio n  to  th e  

u ltim a te  e lu c id a tio n  of th e  pathogenesis of human a th ero 

s c le r o s i s .

Many in v e s tig a to rs  agree th a t  th e re  i s  good warramt X;- 

fo r  reg a rd in g  c e r ta in  types o f le s io n  o ccu rrin g  in  sub-

human v e r te b ra te s  as 's i m i l a r '  o r e v e n 'id e n t ic a l ' to  

atherom atous le s io n s  in  Man. For example, LWsay & Chaikoff 

( 1963) d ec lared  bo ld ly  th a t  " th e  b a s ic  pa thogenesis o f 

n a tu ra l ly  o ccu rring  a r te r io s c le r o s i s  ( a i c )in  v ario u s 

mammalian o rders i s  id e n t ic a l  w ith th a t  of th e  d ise a se  in  

th e  human being . In the human coronary a r te ry  (Moon &

A



R inehart 1952) and a o r ta  (T a y lo r '1953)^ e la s t ic  degene- : 

r a t io n ,  m u oo id 'deposition , T&nd f ib r o s i s  appear to  an te 

d a te  l ip id  d e p o s itio n . In  animal s p e c ie s , d eg en era tiv e  

le s io n s  and f ib r o s i s  a lso  predom inate, and l ip id  accumu

la t io n  i s  c le a r ly  a secondary phenomenon. I t  seems h ig h ly  

u n lik e ly  th a t  th e  pathogenesis o f a r te r io s c le r o s i s  in  th e  

human being  should d i f f e r  s ig n i f ic a n t ly  from th a t  in  o th e r 

sp e c ie s  . . . .  in  av ian  s p e c ie s , th e  two forms o f a r t e r io 

s c le r o s i s ,  th e  prim ary l ip i d  le s io n , and th e  prim ary fib ro in  

le s io n , have not always been c l e a r ly - d i f f e r e n t i a t e d . . . .

The f ib ro u s  le s io n  in  b i r d s ,  o ccu rrin g  in  th e  aW ominal 

a o r ta ,  does, however, b le a r ly  resem ble th e  human le s io n , 

p a r t ic u la r ly  when the  form er i s  com plicated by l ip id  

d e p o s itio n  r e s u l t in g  from c h o le s te ro l  feed in g  and d ie th y l-  

s t i l b e s t r o l  in je c t io n s ."  , pp 4

' ' t -  Dahme (1962) w rote: "The ty p ic a l  development in  th e

human a r t e r i a l  w all o f  atheromatoMs and a th e ro s c le ro s is  

accompanied by c h o le s te ro l d e p o s itio n  p lays su b o rd in a te  

r o le  in  o th e r  mammals, whereas th e  a r t e r i a l  a l te r a t io n s  

in  many b ird s  resem ble f a i r l y  c lo se ly  th e  known phenomenon 

in  Nan. A number of f a c to r s  a re  to  be taken in to  account 

in  connection w ith th e  occurrence of th e  s c le r o t ic  changes.

Ë-.
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2 #^. age# distuLTbaJices o f .Ilpid^eüid e le c t ro ly te  metabolism , 

a lim en ta ry , g en e tic ;an d  h o rm o n aitln flu en ces, and, n o t l e a s t ,  

s t r a in s  on th e  c i r c u la to ry  system *caused by in c re a se  in  

blood pressure.** r f,

Gresham & Howard ( I 963) commented# "The e a r ly  a th e ro -  

s o le ro t io  le s io n  of man i s  d escrib ed  and compared w ith  th a t
^ fc-

A
seen in  n a tu ra l ly  o ccu rrin g  d ise a se  in  anim als and in  th e  

experim ental an im al. A p ro to ty p e  le s io n  composed of 

o o llagen , e ls e  t i n ,  m ucopolysaccharide and some l ip id  i s  

common to  a l l  and su ggests  th a t  th e  e a r ly  a th e ro s c le ro t ic  

le s io n  in  man and anim als begins as a r e p a i r  to  in ju ry  *

th e  cause o f whioh i s  unknown.**
 ̂ i t.hOd  ̂ -

Throughout th i s  p r o je c t ,  a lthough  i t s  immediate
ao b je c tiv e  was to  make f i e l d  in v e s t ig a t io n s  on th e  b a s is  r

K
of th e  hypotheses l i s t e d  (see  In tro d u c tio n , pp 7 -  10)i* T * 

i t s  u n d erly in g  ra iso n  d * 6 tre  w ith in  th e  wider programme " 

sponsored by th e  B r i t i s h  H eart Foundation was constem tly  

kep t in  mind, namely i t s  re lev an ce  to  th e  a e tio lo g y  

and pathogenesis o f human a th e ro s c le ro s is ,

y - /R eferences
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Chapter 2 

M a te ria ls  and Methods

Search fo r  s u i ta b le  survey areas

I t  vas determ ined by th e  sponsors of th e  survey 

th a t  f i e ld  a c t iv i ty  should take  p la ce  in  E ast A fr ic a , 

bu t th a t  I  should be f r e e  to  search  fo r  s u i ta b le  a rea s  

and s e is e  a v a ila b le  o p p o r tu n it ie s . Ky own p rev ious 

experienoe o f A frican  la rg e -a a n sa l ecology and c -  

big-game hun ting  in  E ast A fric a  would se rv e  as th e  

b a s is  of th i s  e x e rc ise .

Equipment

Although th e  p ro je c t  was generously  f in an ced , 

fie ld w o rk  and equipment would have to  be lim ite d  

acco rd in g ly . E nquiries and c a lc u la tio n s  made in  E ast 

A frica  on a r r iv a l  led  to  th e  d e c is io n  to  purchase r a th e r  

than  to  borrow or h ire  a l l  b a s ic  equipment ( lan d ro v e r , 

t e n t s ,  guns e t c . ) .

A ss is ta n ts

I  a lso  decided to  employ and t r a i n  a nucleus of 

two or th re e  A frican  F ie ld  A ss is ta n ts  on 's a f a r i  c o n tra c t ' 

term s, rd b e r than f in d in g  tem porary h e lp e rs  on secondment 

from government departm ents. A fte r  a p re lim in ary  period
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of about th re e  months w ith  'tem porary employees, I  

vas a b le 'to  engage men p rev io u s ly  known to  me to"form  

th e  nuolems of a r e l i a b le  and lo y a l team. £smym«
■ , T

In  th e  second phase of th e  su rvey , when conm^ 

o e n tra tin g  on e lep h an t, b u ffa lo  and hippopoteunus, " ~ 

th e  re g u la r  team co n s is ted  of e ig h t members? of whom 

Charai Camara (base^am p forem an) o f th e  Agikuyu t r i b e ,  

and Nutarimbo Id e te  (gun b e a re r  and f i e l d  foreman) of 

th e  Vandorobo t r ib e  were o u ts tan d in g . A dd itiona l 

lo c a l  "hands' were engaged when re q u ire d . ^ I  was a lso  

fo r tu n a te  in  having the^ temporary!^ v o lu n ta ry  g en era l 

a s s is ta n o e , in  th e  second "phase o f th e  f ie ld w o rk , o f 

K iss B.V. B em nth , whose knowledge and*azperienoe o f 

h u n tin g , combined with^ s e c r e ta r ia l  and h o s p ita l  t r a in in g ,  

were in v a lu a b le .

I t  was a lso  necessary  in  th e  l a t t e r  phase to  pur

chase a second land rover and t e n t ,  in  o rd er to  accommo

d a te  and t r a n s p o r t  th e  a d d i t io n a l  f i e l d  p erso n n e l, as 

w ell as th e 'b u lk y  autopsy m a te r ia l from th e  e l# h a n ts .

The B r i t i s h  H eart Foundation generously  gave an a d d itio n a l 

~grant f o r  th e  c a p i ta l  o u tla y  and th e  running of th i s  >- 

second v e h ic le ;  and th e  a d d it io n a l expenses r e s u l t in g
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from employment of a la rg e r  f i e ld  team were p a r t ly  

o f f s e t  by th e  proceeds from th e  s a le  of iv o ry , k in d ly  

perm itted  l a t t e r l y  by th e  Game Department of Kenya.

F ie ld  procedure (amimals o th e r than  e le p h a n t)

Two b r ie f  p i l o t  s a f a r i s  were run  w ith in  two weeks 

of my a r r iv a l  in  Kenya, to  t e s t  th e  adequacy o f th eI
equipment, to  e s ta b l i s h  a ro u tin e  p rocedure , and to ? y

t r a in  the  a s s i s t a n t s .  The f i r s t  o f th e se  d e a l t  w ith  

fo u r mammals on ly , and th e  second w ith  seven b i r d s .  As 

a r e s u l t  of th e se  two t e s t  t r i p s ,  I  was ab le  to  improve 

cm my o r ig in a l  design  of s p e c ia l  f i t t i n g s  in  th e  la n d - 

ro v e r , o b ta in  e s s e n t ia l  equipment p re v io u s ly  o v ^ lo o k e d , 

and t e s t  th e  guns and th e  e f f e c t  o f d i f f e r e n t  types of 

b u l le ts  and th e i r  p o s it io n in g  in  th e  euiim al's body.

(see  oh. 5 ) .

The f i e ld  procedure e s ta b lish e d  (v a ried  s l i g h t ly  

on fu tu re  o ccasio n s, accord ing  to  any p e c u lia r  circum

s ta n c e s )  was as fo llo w s t-

1 . C o lle c tio n  of specimens

On a r r iv a l  in  th e  a re a , co n tac t was f i r s t  e s ta b lish e d  

w ith  lo c a l  c h ie fs  and n a tiv e  h u n te rs , to  ensure good r e la 

tio n s  and to  s e le c t  a s u i ta b le  base-camp s i t e .  Then,
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im m ediately fo ll# k in g  th e  s e t t in g  up o f th e  camp (no lud- 

ing  p rep a ra tio n  of th e  fo rm o l-e a lin e  s to ra g e  drum s), I  

drove around th e  a rea  w ith  th e  g u n -bearer and a n a tiv e  

hun ter to  a s c e r ta in  th e  a v a i l a b i l i t y  and a c c e s s ib i l i ty  

of th e  sp ec im en  we expected to  c o l le c t .

Every subsequent morning, th e  f i e l d  team ro se  b e fo re  

daybreak and, accompanied by one lo c a l  h u n te r; we drove 

to  th e  p rev io u sly  se le c te d  p a r t  of th e  a re a , a r r iv in g  

th e re  a t  dawn. I t  was f re q u e n tly  p o s s ib le  to  o b ta in  

between one and th re e  la rg e  specimens in  tim e to  com plete
l̂ tfr on,

th e  au to p s ie s  by l a t e  a fte rn o o n . ^«mother anim al was 

a v a ila b le  of a d es ired  s p e c ie s , f o r  which a perm it was 

h e ld , and tim e p^erm itted  com pletion o f a f u r th e r  autopsy 

b e fo re  n ig h t f a l l^  when scavengers might in te r f e r e  w ith  th e  

carc€L8S, the  a d d itio n a l animal was sh o t and ro u tin e  

autopsy perform ed. Very sm all specimens were u su a lly  

taken  back to  th e  base-camp where, even a t  n ig h t, autopsy 

was p o ss ib le  by th e  l i g h i  of a p re ssu re  lamp o r a v e h ic le  

in sp e c tio n  lamp.

I  re f ra in e d  from sh o o tin g  any anim al on whioh we could 

no t guaran tee  to  perform a comprehensive autopsy in  th e  

tim e a v a ila b le  befo re  decom position of th e  a r t e r i a l  in tim a
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would beginI or which wae in  such a p o s i t io n  th a t  

I  could no t be reasonab ly  su re  of making a non-wound

in g , k i l l i n g  sh o t. The reasons f o r  th i s  were both  

p r a c t ic a l  (as i t  was im portan t no t to  pu t the  animal 

under th e  s t r e e s  of wounding i f  th e  survey was to  be 

c a rr ie d  ou t accord ing  to  th e  terms of re fe re n c e )  and 

hum anitarian  (as i t  i s  my p erso n a l co n v ic tio n  th a t  th e  

method of c o l le c t in g  w ild anim als f o r  any purpose should 

be humane). " "

2 . Large specim ens; mammals ^

i )  The OEircass was photographed.

i i )  An attem pt was made to  c o l le c t  serum (see  ch. 5 ) ,
Sn^ojrs oôCfC

and blood serum was= tak en .

i i i )  One o r both  eye len ses  were removed as fo llo w s; 

th e  ey eb a ll was re le a se d  from th e  so c k e t, a sh o r t
’itiin c is io n  made along th e  eq u a to r, p e n e tra tin g  th e  

v itre o u s  body, and th e  len s  squeesed o u t/b y  app ly ing  

g e n tle  p re ssu re  on th e  o p p o site  s id e  of th e  eyeball^  

through th e  In c is io n ,in to  a specimen tube co n ta in 

in g  R ichardson 's  F lu id .

iv )  The fo llo w in g  measurements were teOcen;

a )  t o t a l  le n g th , measured by means*of a s t e e l  tape

measure p u lled  ta u t  between two s t ic k s  or p ipes
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p laced  v e r t i c a l l y  a t  th e  a n te r io r  t i p  of^he 

th e  h##& ^ te n d e d  fo rvardy  and .the^ex trem etc  

end of th e  t a i l  dock extended backward; 

b), (g irths measured d i r e c t ly  behind th e  elbows 

by means o f a  s t e e l  ta p e . « Although some» 

o th e r ^workers ̂ were observed , to  measure the-^ 

'b e l l y '  o f la rg e  mammals, I  was unable to  

see  any v a lu e  in  t h i s ,  owing to  i t s  v ery  

rap id  d is te n s io n  in  th e  t r o p ic a l  heat.^

>- -1 o) W ithers, o r shoulder# th i s  was measured as*
th e  s t r a ig h t  le n g th  of a s t e e l  tap e  s tre tc h e d

from a p ip e  o r ro d , p laced  v e r t i c a l l y  a g a in s t 

th e  w ith e rs  a s - th e  ca rcass  la y  on i t s  s id e   ̂

(w ith  th e  fo re le g  a b s o lu te ly  s tra i# d it)  to  th e ^  

o u te r  edge o f th e  hoof o r  paw held  in  i t s  t  

.. n a tu ra l  s ta n d in g  p o s i t io n . This measurement
. ■ «--si

"  vs* choswi as being  comparable to  th a t  used f o r

l iv in g ,  c a p tiv e  an im als. " BiV
A lo ry  k e  C u r v e s

d) Head len g th  was m easured^froa th e  t i p  of th e  

snout along th e ^ s a g i t ta l  l in e  to  th e  most 

; p o s te r io r  p o in t o f th e  head (u su a lly  th e  o o c ip i-  

u t a l  bone); . neck and back were always measured
- - y  - - ■

-  I-- '.I

- a
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oüon̂  the Curves
to g e th e r  by running  the  s t e e l  tape/from  th e  

most p o s te r io r  p o in t of th e  head d o rs a lly  to  

th e  base of th e  t a i l  dock.

e ) T a il  len g th I from th e  base o f th e  dock (where 

th e  f i r s t  caudal v e r te b ra  could be id e n t i 

f ie d  by moving th e  t a i l  d o rs o -v e n tra lly  ) to  

th e  end of th e  dock.

f )  Forelegs elbow to  o u te r  edge of hoof or paw, 

held  in  the  n a tu r a l ,  s ta n d in g  p o s i t io n .

g ) Hindj^eg s s t i f l e  to  edge of s o le ,  w ith  th e  

hoof or paw held  in  th e  s tan d in g  p o s i t io n .

h )  Head w id ths th e  g r e a t e s t  w id th  o f  th e  head 

(e x c lu d in g  h o rn s  and tu s k s )  a s  found  by u s in g  

two f l a t  b o a rd s  p la c e d  a g a i n s t  each s i d e  o f  th e  

h e a d , and m easu rin g  th e  d i s t a n c e  betw een  them .

i )  Ears len g th  from t i p  to  in te s t r a g io  nei eh. trogcLS

j )  Hornss th e  measurements used were those

d escrib ed  in  Rowland Ward's Records o f Big 

Game (Ward 1 )6 2 ).

v ) Samples of e c to p a ra s ite s  were c o l le c te d , and 

no tes made of s o a rs , in ju r ie s  and e x te rn a l ab

n o rm a lit ie s .
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▼1) The caroaae waa weighed. In  a l l  c a se s , 

except b u f fa lo , rh in o , h ippo , g i r a f f e  and la rg e  

e lan d , th e  ca rcass  was weighjW i n t a c t .  The tr ip o d  

and s c a le  used fo r  w eighing a re  d esc rib ed  e ls e 

where (S ik es  1966 , appendix Ho. ^ )•

T i i )  The ca rcass  was sk inned . In  c e r ta in  c a se s , 

e ,g . l io n ,  oryx, se b ra , th e  sk in s  were req u ired  by 

th e  Game Department as a quid pro quo f o r  th e  

s c i e n t i f i s  c o l le c t in g  l ic e n c e . In  th ese  cases  ̂

th e  sk in s  wsre s a l te d  down in  accordance w ith  

hun ting  p r a c t ic e .  Due to  th e  abundance of ec to 

p a r a s i te s  i t  was advantageous to  remove th e  sk in  

f i r s t ,  whenever p o s s ib le ,  except in  th e  case of 

hippo and warthog where sk in n in g  i s  ted io u s  and 

d i f f i o t t l t .

T ii')  Autopsjr was perform ed w ith  th e  caroaes I p i a .

on i t s  r i g h t  s id e .

a )  A p o r tio n  of th e  c a ro tid  a r te r y  and th e  th y ro id  

were removed from th e  neck and tem p o ra rily   ̂

p laced  in  water^ b r^ s a l in e . The head was

removed and th e  mandible d i s a r t i c u la te d .  The

.3^ tongue, n o s t r i l s , . te e th ,  and a n te r io r  p o r tio n s
, -  * ^ '

vr
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of th e  oesophagus and tra c h e a  were examined.
t *

The s k u l l  and m andible wsre c le a re d  of f le s h ,  

and th e  s k u l l  sawn open f o r  removal o f th e  

b ra in  and p i tu i t a r y ,  la b e lle d  and s to re d  fo r  

subsequent m aceration ,

b ) The e n t i r e  l e f t  w all of th e  th o rax  and abdomen 

was removed, each r i b  being  n e a tly  severed  near 

the  v e r te b ra l  column w ith an axe or m achete,

o) A ll th e  v is c e ra  were eased away from th e  a o r ta ,  

which could now be f u l ly  exposed s i t u  from 

th e  h e a r t to  th e  b ifu rc a t io n .  I t  was then  freed  

from th e  c a rc a s s , severed  from th e  h e a r t  a t  a 

p o in t ju s t  near th e  sc a r  o f th e  ductus a r ^ e r io -  ' 

sus and removed w ith  a tta c h e d  p o r tio n s  of th e
a*^€rtor

c o e lia o , and sup e r i or  m esen te ric  a r t e r i e s ;  one 

re n a l a r te ry  com plete w ith  kidney a tta c h e d ; 

ftivi p o rtio n s  o f" th e  sp e rm a tic /o v a ria n , common
Mf' ■

i l i a c ,  and caudal a r t e r i e s .

P a r t ic u la r  ca re  was taken never to  s t r e tc h

or squeeze th e  a o r ta ,  or in  f a c t  any p o rtio n s
% %

of a r t e r i / e s ,  e i th e r  du ring  ex c is io n  or du ring
r

subsequent tre a tm e n t. The a o r ta  was g en tly
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p la c e d  i n  a  b u c k e t o f  c le a n  w a te r  o r  s a l i n e .

The pericard ium  was examined and then  c lea red  

away, and th e  heart* removed from th e  c a rc a ss .

I t  was c le an e d  o f  e x tra n e o u s  t i s s u e / r i n s e d  f r e e  

o f  c l o t t e d  b lo o d  w ith  w a te r^  i n t e r n a l l y  and 

e x t e r n a l l y ,  p h o to g ra p h e d , w eighed and k e p t 

in  w a te r  o r  s a l i n e  f o r  f u r t h e r  t r e a tm e n t .

The fo llo w in g  organs were then  examined, 

removed, weighed suid e i th e r  p reserved  i n t a c t ,  

or e ls e  d isca rd ed  a f t e r  removing s l i p s  of t i s s u e  

f o r  h isto logy#

lung; l i v e r ;  sp leen ; k idney; ad ren a l g land; 

o v a r y / te s t i s ;  mammary g lan d , u te ru s ,f o e tu s ,  

p la c e n ta ; pancreas; baoulum; b ra in ,  p i t u i 

ta ry ,  th y ro id  (p re v io u s ly  e x tra c te d  from 

head and necl^
each

About a  h a n d fu l^  ta k e n  a t  random , o f  

s to m ach , c a e c a l  and r e c t a l  c o n te n ts  was c o l l e c t -  

ed euad p re s e rv e d  i n  fo rm a l in  i n  #  p o ly th e n e  bag^

d )  P o r t io n s  o f  th e  b r a c h ia l  and fe m o ra l a r t e r i e s
D- t* '

were removed and p laced  in  w ater o r s a l in e ,

e) The ao rta ;w as c lea red  of ex traneous connective
■ ; J'ü '
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t i s s u e ,  r in s e d , and s l i t  opencalong th e  mid- 

v e n tra l  l i n e .  I f  longer ^than 10 in o h es, i t  

was then  out in to  convenien t p o r tio n s , each f  

8 - 1 0  inches lo n g .^  Each p o r tio n  van mounted, 

tu n ic a  in tim a upwards, on a po ly thene hoard ,

12 z  9 inches in  s i s e ,  by means of s ta p le i^ ^ ^

The whole was r in s e d ,  examined and photograph

ed. S lip s  o f t i s s u e î  about 3 mm th ic k , were 

cu t from p o rtio n s  suspected  of being"atherom a

tous and p reserved  in  R ich ard so n 's  F lu id  for" 

subsequent h is to lo g ic a l  exam ination. ' The T? 

mounts were la b e l le d ,  and each board p u t in to  

a p ro te c t iv e  p e rfo ra te d  po ly thene bag, and the  

whole dropped in to  a p lau itic  bucket o f lOÿ =- 

fo rm o l-sa lin e . * The p o r tio n s  of a l l  o th e r  a r -  

te r i j i s  c o lle c te d  were tr e a te d  in  th e  same way. 

f  ) The h e a r t  was \then examined.^ 'A s i n g l e  co n tin 

uous, in c is io n  was made, runn ing  through the" r ig h t  

a triu m , t r ic u s p id  v a lv e , r ig h t  v e n t r i c le ,  and 

pulm onary-arch, an d .a  s im i la r .d i r e c t  one 'th rough  

the  le f t^ a tr iu m , m itra l v a lv e , l e f t  v e n t r ic le ,  

and a o r t ic  v a lv e  and a r o h . . Coronary a r t e r i e s

I 5 '
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were exposed and s l i t  lo n g i tu d in a l ly  f o r  

in  s i t u  exam ination , and sam ples removed fo r  

mounting as d esc rib ed  above. In  a number of

c a se s , only th e  p o r tio n  of th e  h e a r t  co n ta in in g
*

th e  a o r t i c  v a lv e , openings of th e  coronary  

a r t e r i e s ,  and th e  a o r t ic  a rc h , was p re se rv e d .
ib  .. - ■ YZ  ̂ T

g) I f  n o t too d i s t a n t  from th e  base camp, th e  

ca rc a ss  was r e v i s i t e d  l a t e r  to  examine i t ,
 ̂ "/I 1 a j'..

a f t e r  th e  v u ltu re s  had oleanhd i t ,  f o r  bone 

ab n o rm a litie s  -  a p rocedure w ell rew arded in
I

th e  cases of two l io n s ,  K.39 and M.57 (see  o h .7) 

ix )  A fte r  th e  r e tu r n  to  camp#
‘ tu

a )  The mounted a r t e r i e s  were s tack ed  (s ta n d in g  

on one ed g e)in  one la rg e  b in  of fo rm o 1 -sa lin e , 

th e  h e a r ts  in  a n o th e r , and o th e r  orgems in  a 

th i r d .

b ) Blood serum was fro zen  doom w ith  dry  ic e ,  p re 

pared by means of th e  'carboneige*  a ttachm ent 

to  th e  Carbon d io x id e  s ip h o n - f i t te d  c y l in d e r .
A-

c) S k u lls  and m andibles were b o ile d  in  n e t bags 

over th e  open camp f i r e .  ^
i,

d ) The f u l l  h is to lo g y  t i s s u e  b o t t l e s  were s to re d ,
fi t-j
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fioid r e p la c e d  in  th e  p ro c e s s in g  box by f r e s h  

o n e s .

e)  Guns, p ro c e s s in g  b o x e s , cam eras and v e h ic le s  

w ere c le a n e d , checked and r e - s to c k e d  f o r  th e  

fo l lo w in g  d a y .

f )  D ata  s h e e ts  w ere ch eck ed , and th e  lo g  w r i t t e n .

3 . Sm all specim ens# mammals

P ro c e d u re  was i d e n t i c a l  w ith  t h a t  o f  l a r g e  

mammals, e x c e p t th a t#

i )  g e n e r a l ly  th e  c a r c a s s  cou ld  be  t r a n s p o r te d  ( a f t e r  

m eeisurenent and serum  c o l l e o t i o n )  in  th e  la n d ro v e r  

u n t i l  s e v e r a l  had been  c o l l e c t e d ,  and th e n  th e  

a u to p s ie s  co u ld  a l l  be  perfo rm ed  a t  one c o n v e n ie n t 

s i t e ;  and

i i )  in  th e  c a se  o f  p r im a te s , a u to p sy  was u s u a l ly  dene 

w ith  th e  caxoaas ly in g  on i t s  b a c k .

4 . B ird s

A number o f  b i r d s  was u s u a l ly  c o l l e c t e d  i n  a  

g roup  and t r a n s p o r te d  to  a  c o n v e n ie n t s i t e .  O s tr ic h e s ;  

whioh had f i r s t  t o ,b e  sk in n e d  o u t and a u to p sy  p e r 

form ed a t  th e  s i t e  of k i l l i n g ,  w ere th e  o n ly  e x c e p tio n . 

A utopsy  on b i r d s  was a lw ays perfo rm ed  from  th e  v e n t r a l
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asp ec t and d if fe re d  l i t t l e  in  g en e ra l procedure 

from th a t  follow ed fo r  p rim ates .

5. F ie ld  d a ta

A ll f i e ld  d a ta  were recorded du ring  the  autopsy 

an p r in te d  f i e ld  sh e e ts  (Appendix 1 ).

6. Laboratory procedure

i )  Serum (see  ch. 5 ) .

i i )  Lenses ( S ikes 1?66 b , p.292"& Table I ) .

i i i )  P a ra s i te s  (see  ch. 4)«

iv )  A r te r ie s  ( in c lu d in g  coronary a r t e r i e s ) :

a) Gross s ta in in g  w ith  Sudan lY (Holman's method).

b) Radiography of mounted p o rtio n s  o f a o r ta e  (very  

la rg e  mammals on ly ) (see  oh. 8 ) .

c) P a ra f f in  s e c t io n s .  ^

d) Prosen s e c t io n s .

e ) M icrography.

v ) H earts :

a ) Gross s ta in in g  w ith  Sudan IV (Holman's method).

b) H isto logy  of coronary a r t e r i e s  and p o r tio n s  of 

the  myocardium.

v i )  O ther t is s u e s  and organs.



A)

: ^  •

A ll th e  t i s s u e  s l i p s  c o lle c te d  f o r  h is to lo g ic a l  

exam ination have been e i th e r  paraffin-em bedded and 

sec tio n ed f one of each s ta in e d  w ith  haem atoxylin and 

60Sin ,  and ano ther w ith  V erhoeff and van G ieso n 's  s ta in ,
A

or fro zen  and sectioned*  In oases o f s p e c ia l  le s io n s
» - r

(2 *6 * m ineral d e p o s its ,  p a r a s i te s )  o th e r ,s p e c ia l is e d  s ta in stji ^

have been a p p lie d , such as Von K o ssa 's , Giemsa, G u rr 's ,

H.R.G., A id a n  b lue  and M asson's trich ro m e .

These s l id e s  form a re fe re n c e  c o l le c t io n  from which 

to  a sse ss  th e  gen era l h e a lth  and n o rm ality  of th e  animal 

and, in  cases where a r t e r i a l  abnorm ality  was found, to  

see  i f  any connection  could be found between th e  a r t e r i a l  

co n d itio n  and any o th e r tra u m a tic , c o n g e n ita l, or patho

lo g ic a l  co n d itio n .
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Chapter 3 

E o o lo d o a l and S ta tu s
  r.'l bI.:f]

E co log ical background

The anim als (o th e r  than  e lep h an ts )  examined in  th is  

su rvey , were c o lle c te d  from a v a r ie ty  of h a b i ta t  types and 

l o c a l i t i e s .  F IG .I shows th e  whole a rea  covered. The 

h a b i ta t  types and l o c a l i t i e s  a re  in d ic a te d  on th e  map 

by arrows and in c lu d e  th e  fo llo w in g :-

I .  Low^Uganda g ra s s la n d s #(or deg en era te  savannah woodland) 

w ell w atered and dominated nowadays by Hypaxrhenia 

g ra s se s , but a c tu a l ly  re p re se n tin g  dégénérâ t woodland, 

co n ta in in g  only a few r e l i c t  t r e e s  and very  sm all f o r e s t  

s ta n d s , in d ic a t iv e  of a form er h e a v ily  wooded a re a , 

dominated by the  genera V itex , T erm inaliu , Combretum,

F icus e tc . I  a l t i t u d e  2,000 -  5,000 f e e t .  Mean annual 

r a i n f a l l  100 -  125 cm.

i )  Environs o f Lolim, N orthern Uganda, in  th e  game 

re se rv e  known as 't h e  E lephant S a n c tu a ry ', which 

i s  ad ja ce n t to  th e  Murchison FeU.ls N ational Park .

Game p a r t i a l l y  p ro tec te d  from hun ting ,

i i )  Murchison F a l ls  N ational Park, sou th  of th e  N ile .

i i i )  Sem liki p la in s ,  ju s t  sou th  of lake A lb e rt.

* n J er  /"• d . 3  o i^ .f  ^  A W ,
«yf y tj th À r n a J  Caver t t f t d  f i a i i Ak

^ I>ûM,clsoŷ ,
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i v )  Queen E l iz a b e th  N a tio n a l  P a rk , low land  a r e a s .

v )  Cbambura c o n t r o l le d  h u n tin g  zone: a  t r a n s i 

t i o n a l  a re a  a d ja c e n t  to  m ontane f o r e s t s .

I I .  L ow % crublandf Kenya: cxnJ. tcnrvWI

p re d o m in a n tly  d e g e n e ra te  Com m iphora-A cacia 

mixed s c r u b la n d , o v e r ly in g  a P recam b rian  Basem ent 

Complex o c c u r r in g  in  th e  E a s te rn  D ra in ag e  zone o f  

Kenya ( S ik e s  1934)* E r r a t i c  r a i n f a l l ,  and s u r f a c e  

w a te r  s c a r o e  and l o c a l i s e d .  A l t i t u d e  500 to  5*000 

f e e t .  Mean a n n u a l r a i n f a l l  be tw een  25 mnd 75 cm 

o n ly .

i )  Tsavo N a tio n a l  P a rk  ( E a s t )  and e n v iro n s ,  Kenya.

I I I .  H igh**scrubland, Kenya:
a

t h i s  h a b i t a t  ty p e  h a s ^ r io h e r  v e g e t a t i o n a l  c o v e r 

th a n  th e  low  s c ru b la n d ,  which d e r iv e s  d i r e c t l y  from  

th e  d i f f e r e n t  ty p e  o f  s o i l ,  i n  t h i s  c a se  th e  

w ea th e red  p la te a u  la v a s  w i th in ,  and f l a n k in g ,  th e  

R i f t  V a l le y . The a r e a  c o n ta in s  a  g r e a t e r  p ro p o r

t i o n  o f  a l l - s e a s o n  s p r i n g s ,  se e p a g e s  and s tre a m s  

th a n  th e  low sc ru b  laid , and th e  mean a n n u a l r a i n f a l l  

l i e s  be tw een  45 and 100 cm. A l t i t u d e  5*000 to  9,000(. 

f e e t .  T hese eureas a r e  g ra z e d  i r r e g u le i r l y  by l a r g e
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herds o f Nasal and o ro s s -h re d v c a t t le , d o n k e y s r^  

goats and sheep( ra in fâ T :

i )  K ajiado M s t r l o t ,  ICenjra . t a in # ;

11) Kedong V allejr, Kenya. Kiuengop attd a a t lp a ,

I ? .  HlKb*ranohland,_a% ^ N t. k i l l s s e y w ^  (p-

th ese  a reas resem ble those  of I I I .  (above), 

bu t l i e  in  the  aM ss fo rm erly  known as th e  'W hite 

H ighlands' o f Kenya and a re  o h a r a o te r i s t io a l ly  

fenced and framed by im ported and o ro ss-b red  l iv e 

s to c k , operated  on European-type management system s, 

i . e .  w ith  re g u la r  d ipp ing^or sp ray in g , o u llin g ,"^^  

p a s tu re  management,, and th e  i n s t a l l a t i o n  o f w ater

ing  trouNiis w ith 'p ip e d  w ate r. In  most o f th e se  

ran o h lan d s, game c u l l in g  has been r ig o ro u s ly  a p p lie d , 

and w ild anim als nowadays.occur in  com paratively   ̂

sm all numbers. -^R ainfall and a l t i t u d e  as in" I I I .  

(sboT s). v .-jr W 'l i #  Tr-itt. #  f

i )  N a iv a sh a .D is tr ic t:# O s ir ia n  and Sdabibi Ranches. ,

i i )  R a iv ^ h a  D is tr ic t#  Lake Naivasha (b ird s  o n ly ) .

V. Montane# . yvmsem# o. ^

^onXw9  m a ss ifs , ly in g  above 5,000 f e e t  a l t i - ,  

tu d e ,,a n d  in  some cases r i s i n g  to'^10,000 f e e t ,  '

S.
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ca rry in g  th ic k ,  ind igcnoue, mixed f o r e s t ,  bamboo
w ■-? ' WL» u^jc* m&j,,

f o r e s t  and montane moorlands# Mean annual r a i n f a l l
 ̂  ̂ ~ exceeds 1)0 cm#

i )  Slopes o f Ruvensori M ountains, Uganda#
-- - -  J.-- - V« ' ' u p v w  1.1SJI t h  -

i i )  Slopes o f Mts. Kenya, Kinangop and Satim a, Kenya,

i l l )  Slopes^and f o o th i l l s  o f Mt. K ilim anjaro  (n o rth e rn )

VI. M ontane/Q rasslandt

( t r a n s i t i o n a l ) ,  v a lle y  f o r e s t s  o f f o o th i l l s' i w* ■ ■ ‘'7
o f montane m a ss ifs .^ — w •  Jsly  /  *h.‘

1) Buvensori -  S em lik i."Vm » -  fwhat
i i )  K igesi R e s e t s ,  Maramagambo F o re s t ,  s o u th -e a s t

o f Queen E lisa b e th  Park , Uganda.
' * «4® - i io iu
^  In  t h i s  choice o f h a b i ta t  ty p e s , f a c to r s  which

j might be expected ^to be im portan t are# a v a ila b le  su rfa c e  

* w ater and i t s  chem ical com position a t  d i f f e r e n t  seasons; 

a v a ila b le  sou rces o f m inera l in  l ic k s  and v e g e ta tio n ;
«.-L'r

v e g e ta tio n a l cover and i t s  v a lu e  as fo d d er f o r  h e rb i-^ i.. g f  V-:iT!
vorous an im als, shade, cover d u rin g  b reed ing  seaso n s;

' * '*■ ' ; Tangv
s e c u r i ty  from p re d a to rs  and freedom f o r  m ig ra tio n ; 

p a r a s i te  p o p u la tio n s ; p resence  o r  absence of dom estic 

s to c k  and th e  type o f management fo llow ed ( r e l a t i v e  to

.V ,transm issib le  d is e a s e s , p a r a s i te s  and com petitive  demands
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on th e  p a s tu re ) ;  degree of dleturbem oe by man.

In  g e n e ra l, however, inadequate  numbers of 

specimens re p re s e n ta t iv e  of each sp e c ie s  (w ith  th e  

exception  of th e  e lep h an ts )  were c o lle c te d  to  ev a lu a te  

any of the  above f a c to r s ,  except fo r  th e  p a r a s i te s ,  * hk '
Ly-- ^

importanoe,^in th i s  co n tex t i s  in d ic a te d  in  oh. 4 *

Age and s ta tu s

The a c tu a l number of anim als o f each sp ec ie s

allow ed in  th e  p e rm its , generously  g ran ted  by the game '

departm ents of Kenya and Uganda, was somewhat l im ite d ,

and th e re fo re  mature e ld e r ly  anim als o f both  sexes

were p re fe rre d  when s e le c t in g  fo r  exam ination. I t

was supposed th a t  the  in c id en ce  of a r t e r i a l  d iso rd e rs

in  w ild anim als would probably  be g re a te r  in  o ld e r  and 

more mature specimens than  in  younger an im als, i f  the

sp e c ie s  were s u s c e p tib le  a t  a l l .

The q u es tio n  of how to 'a s s e s s  th e  age of a g iven  

w ild animal on the  h o ff , of any of th e  wide range of 

sp e c ie s  l ik e ly  to  be encoun tered , posed s p e c ia l  problem s, 

no t l e a s t  o f which was th e  p au c ity  of r e l i a b le  f i e l d -  

re c o g n itio n  c r i t e r i a .  Among th e  many ageing c r i t e r i a  

d iscu ssed  by Cowdry (1939) th e  fo llo w in g  may be re le v a n t
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as v isu a l c d te r ia  a p p lic a b le  to  wild mammals: lo s s  of 

e l a s t i c i t y  and th e  w ithdraw al of f a t  produces reco g n is

ab le  sk in  w rin k lin g ; th e  atrophy  of h a i r  p a p i l la e  may 

produce h a i r  co lou r changes 9 e s p e c ia lly  g rey ing ; epiderm al 

atrophy  may produce hoof, claw o r n a i l  d ie tro p h y ; changes 

in  th e  endocrine system may r e s u l t  in  hyperp igm entation , 

and h y p e rp la s ia  o f th e  epiderm is may cause s e n i le  k e r a to s is .

Among c r i t e r i a  used by o th e r w orkers, one may in c lu 

de fo r  example horn growth as d escrib ed  by Brooks ( 196I )  

in  Thomson's G azelle  and by Hediger ( I 966 ) in  chamois, 

sk in  co lour change in  beavers (P a tr ic k  & Webb,

S ize i s  c le a r ly  an im portan t f e a tu re  e s p e c ia l ly  d u rin g  

th e  developm ental p e rio d . U n fo rtu n a te ly , few s c i e n t i f i c  

workers have d escrib ed  r e l i a b le ,v i s u a l  age c r i t e r i a  f o r  

l iv e  soiimals, most having concen tra ted  on th o se  a p p lic 

ab le  p o st mortem, such as to o th  e ru p tio n  p a t te r n s ,  

baoulum le n g th , eye-1ens w eigh t, and th e  development of
Î

ep iphyses. A fte r  co n s id e ra tio n  of a v a ila b le  l i t e r a t u r e ,

I  was fo rced  to  th e  conclusion  th a t  too l i t t l e  r e l i a b le  

d a ta  was a v a ila b le  to  guide th e  c o l le c to r  v is u a l ly  in  

th e  f i e l d ,  and o n e 's  own experience would have to  provide 

th e  only a v a ila b le  c r i t e r i a .
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As a beg inn ing , I  compiled a l i s t  of m a x i^  known 

li f e - s p a n s  in  c a p tiv e  animals# (Anon# I 96O; Flower 1931$ 

Anon# 1961) and then c a re fu l ly  s tu d ie d  each known-ag e
K*v<wm A3C

animal,^at the  gardens of th e  Z oolog ical S ocie ty  o f London . 

a t  R egen t's  Park and V hipsaade, in  o rd er to  develop v isu a l 

experience of as many c a p tiv e  anim als o f known age as 

p o s s ib le , of those fa m il ie s  and genera l ik e ly  to  be 

encountered in  th e  course of the  f i e l d  work planned fo r  

E ast A fr ic a .

Previous personal experience in  f i e l d  ecology, hun ting  

and photography in  E ast and West A fric a  was a lso  valuahé 

and a p p ro p r ia te , as was a lso  experience of th e  show and 

L market ev a lu a tio n  of farm and b lo o d -s to c k  on th e  hoof.I \

I t  was c le a r ,  th a t  a com bination of th i s  ex p erien ce , p lus 

a l i t t l e  i n tu i t io n ,  would have form th e  b a s is  of 

s e le c t io n  f o r  th e  study  an im als. Thus th e  c r i t e r i a  

would in c lu d e  s iz e ,  s tan ce  and conform ation; sk in  co lo u r, 

w rin k lin g  and q u a l i ty ;  co n d itio n  of e a rs , muszle and t a i l ;  

p resence and type  of so a rs ; s o c ia l  s ta tu s  ( e .g .  herd 

le a d e r , lone m ale, cow w ith  young); and f i n a l l y  s iz e  

and wear o f horns i f  p re s e n t.  (Anon. 1937$ H itchcock 1948; 

Codrington 1955$ M ille r  & Robertson 1959$ W illiamson &

Payne 19^$^ S>œuL'Aei"

3
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The d i f f e r e n t i a t i o n  o f  se x  in  th e  f i e l d  i s  u s u a l ly  

q u i t e  s im p le  ( e x c e p t  i n  s m a l le r  o a rn iv o n ^ > a n d  p r im a te s  

i n  t h i c k  f o r e s t ) ,  a s  m ost m atu re  E a s t  A fr ic a n  mammals 

p o s s e s s  d o r s a l  se c o n d a ry  s e x  c h a r a c te r s  e a s i l y  r e c o g n is 

a b le  even in  lo n g  g r a s s .  The r e l a t i o n s h i p  o f  th e  an im al 

to  o th e r  members o f  i t s  g roup  would a l s o  be  a  r e l i a b l e  

c r i t e r i o n ,  a s  ' l e a d e r s '  and ' r e a r - g u a r d ' a n im a ls  i n  h e rd s  

a r e  g e n e r a l ly  l a r g e r  cmd o ld e r  m embers, and lo n e  m ale 

am im als o f  g re g a r io u s  s p e c ie s  a r e  f r e q u e n t ly  found  to  

be  e l d e r l y .  *

At a u to p s y , i t  would be p o s s ib le  to  make a  more 

a c c u ra te  e s t im a te  a f t e r  m easu rin g  th e  c a r c a s s ,  exam in ing  

th e  t e e th  ( s ta g e  in  e ru p t io n  and w ear) and a s s e s s in g  - 

th e  s e x u a l  s t a t u s .

In  p r a c t i c e ,  th e  m ethod o f  s e l e c t i o n  u sed  was 

g e n e r a l ly  s a t i s f a c t o r y ,  b u t , a p a r t  from  th e  e le p h a n ts  

f o r  which more e x a c t  d a ta  w ere a v a i l a b l e  ( c h . lO ) ,  i t  has 

n o t been  p o s s ib le  to  p la c e  th e  msAmals c o l l e c te d  in to  

more th a n  f o u r  r a t h e r  a r b i t r a r y  age g ro u p s , nam ely ; 

f o e t u s ,  ju v e n i le  ( i . e .  s e x u a l ly  im m atu re ); m a tu re ; 

and e ld e r ly  o r  'o l d ,  l o n e ' .  -

The s e x u a l  aind s o c i a l  s t a t u s  o f  th e  an im al was
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im portan t in  a s se ss in g  i t s  r e l a t i v e  aige and p h y sica l 

f i tn e s s  and a c t iv i t y .  For example, specimen N.13 was 

a very  e ld e r ly  and r a th e r  in a c t iv e ,  lone b u ffa lo  and 

was seen a t  autopsy to  d i f f e r  co n s id erab ly  in  s iz e  and 

co n d itio n  from M .l) , which was a very  a c t iv e ,  s e n io r  b u ll  

in  a la rg e  herd o f over 200 euiimals, su b -d iv ided  in to  

groups of iO  -  40. W.43 was a g rey in g , lone male

reedbuck, which had adopted th e  p ro te c t iv e  company of 

a herd of kob, a h a b it  f re q u e n tly  n o tic ed  a lso  in  th e  

oase o f very  e ld e r ly  w ild e b ees t, which w il l  seek  th e  

p ro te c tiv e  company o f a f r ie n d ly  herd o f zebra r a th e r  

than have to  fend f o r  them selves. M.64  was a very  

e ld e r ly  b u ll  e lan d , la rg e  and heavy in  s iz e ,  w ith  heavy 

dewlap, and w ell-developed , b u t very  worn horns, whose 

sk in  was th e  deep b lue  co lour c h a r a c te r i s t ic  o f e ld e r ly  

male e land . He a s so c ia te d  w ith two o th e r  s im ila r  male 

e lan d s . At au topsy , th e  te e th  of a l l  the  above-men

tio n ed  specimens showed advanced molar wear, and th e re  

were to r tu o u s , dark -co lou red  v ein s on h e a r t  and t e s t e s ,  

as w ell as worn hooves and horns, and. to rn  e a rs ,  a l l  

f e a tu re s  commonly a s so c ia te d  w ith advanced age.

In  se v e ra l ca ses , a p a th o lo g ic a l co n d itio n  was
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a sso c ia te d  w ith  what appeared to  he s ig n s  of prem ature 

old age. Examples of th i s  were M. 31 (b u ffa lo , see  

c h .7 ) i M. 51 (o ryx , see  ch. 6) and M.124 ( g i r a f f e ,  

see  oh. 6 ) .

Ho a ttem pt has been made to  a s se ss  th e  age of th e  

b ird s  c o l le c te d , beyond n o tin g  i f  they  were ju v e n ile  

o r m ature.

F u ll  d e t a i l s  of a l l  th e  anim als c o lle c te d  ( in c lu d 

ing  e le p h an ts )  w ith sex , age group assessm ent (based on

a com bination of v is u a l assessm ent, s o c ia l  and sex

s ta tu s ,  and autopsy exam ination ), h a b i ta t  ty p e , lo c a l i ty
o/vid 5L

and d a te  o f c o l le c t io n  a re  g iven  in  Tables1^(Specim en 

R eference Lists) and Tabled ^ ^ (S p e c ie s  L ists).
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TSfeUE. -i.
SPECIMEN BEPEBENCE LIST NO. I t  MAMMALS

No, Species sez Age L o ca lity Date
1------------.
Remarks

1964
U. 1 Impala ffl mat# Kajiado “ 973.
M. 2 G azelle , 

Grant * s m mat# — do — 9 . 3 .
M. 3 H arteb eest,

Coke's m mat. — do — 10. 3.
M. 4 Zebra m mat. -  do - 10. 3 .
M. 5* Warthof m mat. Q .E.Park 23 . 3 .
U. 6* -  do - m mat# -  do - 23 . 3 .
M. 7* -  do - f mat. — do — 23. 3.
M# 8* — do — m mat. — do — 23 . 3 .
M. 9* -  do - n mat. — do — 23 . 3 .
M.IO* — do — f mat. -  do - 23. 3 .
M .ll Colobus m mat. L ututuru 2 8 .3 .
M.12 Busbbuck m mat. -  do - 28 . 3 . o ld

M.13 B uffalo m mat. Loliffl 2 . 4 . very  old

M.14 Bushbuok f mat. -  do - 2 . 4 .
M.15 B uffalo m mat. — do — 3. 4 .
M.16 O rib i f mat. -  do - 4 . 4 . ( r e f .

M.155)
M.17 H arteb eest,

Jack so n 's m mat. — do — 4 . 4 .
M.18* Elephant m mat. Murohison 14*4 .
M.19* — do — n mat# -  do - 14. 4 .
M.20 C ivet f juv# — do — 14. 4 .
M.21* El ephant f mat. — do — 16. 4 .
M.22* - d o  f mat# — do — 16. 4 .
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"TA3L& 1 (conh)

No. S p e c ie s Sex Age L o c a l i ty D ate Remarks

-• - --
i2éA

M.23* E le p h an t f mats M urchison , 16. 4 .
M.24* -  - , f m at. -  do - 17. 4 .
M.25*
M.26*

«
— do —

X-e ,

Hippo
Ï ■

-  do

f
f

m at.

m at.

-  do -  

Q. E. P a rk
17. 4 .
24 . 4 .

M.27* m at. -  do - 24 . 4 .
M.28* — do — f m at. -  do - 24 . 4 .
M.29* — do — f f o e t . -  do - 24 . 4 .
M.30 B u ffa lo f m at. -  do - 25 . 4 .
M.3I — do — f m at. — do — 27 . 4 .
N.32 Kob m m at. S e m lik i 2 . 5.
M.33 WarthOf m m at. — do — 2 . 5 .
M.34 Kob m m at. — do — 2 . 5 .
K.35 Kob m m at. -  do - 2 . 5.
M.36 — do — ffl ju v . -  do - 4 . 5.
N.37 H a r te b e e s t ,

J a c k s o n 's f m at. -  do - 5. 5 .
M.38 — do — f m at. -  do - 5. 5 .
M.39 Lion m ju v . — do — 7 . 5.
M.40* Hippo m m at. Q .E .P ark 8 . 5 .

M.4I H y e n a ,sp o tte d f m at. S em lik i 11. 5.
M.42 -  do - m m at. -  do - 11. 5.
M.43 Reedbuck m m at. — do — 11. 5.
M.44 V erv e t monkey ffl m at. -  do - 12. 5 .
M.45 -  do - f m at. — do — 12. 5 .

N.46 -  do - m m at. — do — 12. 5 .
M.47 — do — m ju v . -  do - 12. 5 .
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(cùvù').

No. Species Sex Age L o ca lity Date Remarks

K.48 Jackal f mat. Kajiado
iS M
1 1 .6 .

M.49 Dikdik m mat. -  do - 12 .6 .
K.50 Zebra m mat. — do — 13. 6 .

K .5I Oryx, B eisa f mat. — do — 14. 6 .
K.52 Jackal f mat. — do — 14 . 6 .

K.53 Gerenuk m mat* -  do - 15. 6 .
K.54 G ira ffe f mat. Dmndora 17. 6 .

K.55 Zebra m mat. K ajiado 19. 6 .

K.56 Lion D mat. — do — 2 0 .6 .

M.57 Lion f mat. — do — 20 .6 . v .o ld
K.58 P o x ,ba t-ea red B mat. — do — 23 . 6 .

M.59 G az e lle ,Ornants m mat. — do — 24 . 6 .

K.60 Gerenuk f mat. -  do - 24 . 6 .
K.61 — do — f mat. — do — 24 . 6 .
M.62 Jackal m mat. -  do - 25 . 6 .
N.63 Zebra m mat. -  do - 2 6 .6 . v .o ld
M.64 Eland m mat. -  do - 2 8 .6 . old
M.65 Serval m mat. — do — 28 . 6 .
M.66 Oryx m mat. — do — 29. 6 .

M.67 Zebra f mat. — do — 30.6 .
M.66 Genet m mat. Ngong 4 . 7 .
M.69 Stftinbok ffl mat. Kedong 2 0 .7 .
M.70 Zebra f mat. — do — 20. 7 .
M.7I S teinbok ffl mat. O sirian 31. 7.
M.72 Hare f mat. Ndabibi 31. 7 .
M.73 Hyrax, Rock ffl mat. — do — 1 .8 .

K.74 -  do - f mat. -  do - 1 .8 .

M.75 — do — ffl mat. — do — 1 .8 .
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7 M & L E  i  ( t e n t )

No. S p e c ie s Sex Age L o c a l i ty Date Rem ark.

M.76 S p rin g  h a re m m at. R d ab ib i
1964

3 .8 . ■

M.77 K lip s p r in g e r m m at. — do — 3 .8 . *

M.78 Reedbuck f m at. O s ir ia n 3 .8 .
M.79 S e rv a l m m at. N dab ib i 4 .8 .
M.SO Mongoose,

w h i t e t a i l e d f m at. -  do - 4 .8 .
M.8I Rodent mole m m at. O s i r ia n 4 .8 .
M.82 H y e n a ,sp o tte d f m at. Senya 4 .9 . V .o ld

M.83 E le p h an t m m at. Kiam bere 8 .1 2 .

M.84 — do — m m at. Lolim 24.12 . '

M.85 — do — m m at. — do — 24.12. .
N.86 -  do - m m at. — do — 28 . 12 . lo q e a r

M.87 — do — m m at. — do — 28 . 12 . t r u n 
c a te d

M.88 E le p h a n t f m at. Ohambura
i 2 é l
8 . 1. g a l l 

s to n e s

M.89 Hippo m m at. K ig e z i
R ese rv e 9 .1 .

M.90 -  do - f m at. — do — 9 .1 .
M.9I — do — f m at. -  do - 9 .1 .

M.93 — do — f m at. — do — 9 .1 .
M.93 E le p h a n t m m at. — do — 12. 1 .

M.94 B u ffa lo m m at. — do — 14 .1 .

M.95 — do — m m at. — do — 14.1 .
M.96 — do — m m at. — do — 1 4 .1 .
M.97 -  do - m m at. -  do - 15 . 1 .
M.98 Chimpanzee m m at. -  do - 1 6 .1 .
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TA0 LE.

No. Species Sex Age L o ca lity Date Remarks

M.99 Elephant m mat# Kyama-
gasan i

20 .1 .

M.lOO — do — f mat. — do — 20 .1 .
M.lOl Colobus m mat. K igezi

Reserve
2 3 .1 .

N.102 Chimpanzee f mat. -  do - 2 4 .1 .
M.103 Elephant m juv . Kamae-

Kyeni
11 .2 .

K.104 Gazelle#
Thomson*# m mat. Sus va 2 4 .2 .

«.105 Jackal f mat. -  do - 2 5 .2 .
M.IO6 Eland f mat. — do — 25 .2 .

M.107 Elephant f mat. Coast
Province

2 3 .3 . s e n i le

N.IO8 — do — m mat. — do — 2 4 .3 .
M.IO9 Wild dog m mat. — do — 26 . 3 .
N .llO Elephant m mat. — do — 1 .4 .
M .ll l Gerenuk m mat. — do — 1 . 4 .
M.112 Elephant f mat. -  do - 2 . 4 .
N .II3 -  do - m ju v . -  do - 2 .4 .
N .II4 — do — f c a lf — do — 2 .4
M .II5 Kudu a mat. — do — 3. 4 .
M.116 Elephant m mat. — do — 6 .4 .
M .II7 — do — m mat. — do — 6 .4 .
M.118 -  do - m mat. — do — 9 .4 .
M .II9 -  do - m mat. — do — 9 .4 .
M.120 — do — m mat. — do — 12 .4 .
M.121 -  do - m mat* — do — 12 .4 .
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" T ? ^ u e . 1 ( c m h )

No. Species Sez Age L o ca lity Date Remarks

1965
M.122 Elephant f m at. Coast

Province
16 .4 .

M.123 Wild Cat m mat. — do — 2 4 .4 .
M.124 G ira ffe f mat. Kbarasha 18 .5 .
M.I25 — do — m fo e t . -  do - 18 .5 .
M.126 — do — m mat. K ajiado 2 1 .5 .

M.I27 Elephant f m at. Coast
Province

5 .6 . ( r e f .
H.154)

N.128 Rhino m mat. — do — 5 .6 .
M.I29 Eland f mat. — do — 6 . 6 .
M.I30 fb% ,*at-eared m mat. — do — 6 . 6 .

K .I3I E lephant f m at. — do — 6 . 6 .
M.I32 — do — m mat. O l'Tureehi: 13 .6 .
M.I33 — do — f ju v . -  do - 1 3 .6 .
M.I34 — do — 0 mat. -  do - 1 3 .6 .

M.135 — do — f c a lf -  do - 13. 6 .
M.I36 Lion f m at. — do — 17. 6 .

M.I37 — do — f mat. — do — 1 7 .6 .
M.I38 -  do - m mat. — do — 18. 6 .

M.I39 Sykes monkey f m at. Kgong 3 .7 .
M.140 — do — mat. O l'T uresh 14 .7 .
M.I4I Vervet monkey f mat. — do — 14 .7 .
M.I42 Sykes monkey m mat. — do — 14 .7 .
M.I43 Wild c a t m mat. — do — 14 .7 .
M.I44 Gal ago f mat. — do — 14 .7 .
M.I45 Impala m mat. — do — 14 .7 .
M.I46 Vervet monkey m mat. — do — 18.7 .
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No. Species Sez Age L o ca lity
----------1

Date
--------------

Remark*

12É Ï
M.147 Lion f ju v . Makindu 20 .7 . k i l le d  

by a oar
M.I48 H yena ,striped f mat# Ndi 2 3 .7 . -  do -
M.149 Elephant m mat. Hdi 2 9 .7 .
M.150 — do — m mat. — do — 2 9 .7 .
M.151 Aardwolf f mat. — do — 2 .8 . k i l l e d  

by a car
M.152 Elephant m mat. K inare 1 7 .8 .

1964
(o r ig in a l  
no. H .l)

M.153" Rhino m mat. ------ 1964
N.154 Elephant m f o e t . Coast

Province
5 .6 .
•65

(M.127A)

M.155 O ribi m f o e t . Lolim 4 .4 .
•64

(M.I6A)

" (c o lle c te d  from cropping schemes or by o th e r re se a rch  
teamsI f u l l  su p p o rtin g  d a ta  no t always a v a ila b le  and 
b a s is  of measurements sometimes d i f f e r s )
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SPECIMEN REFERENCE LIST NO. 2 » BIRDS

No. Species Sez Age L o ca lity
[-------

Date Remarks

B. 1 P e lic an , f mat. Naivasha
1964
29 .2 .

B. 2
w hite 

Cormorant, f mat. — do — 29.2

B. 3
lo n g - ta i le d  

Héron, pu rp le m mat. — do — 29 .2 .

B. 4 Cormorant, m mat. -  do - 29 .2 .

B. 5 
B. 6 
B. 7

lo n g - ta i le d
D arter
Buzzard, augur 
Eagle, tawny f

mat.
mat.
mat.

— do —
-  do -  
K ajiado

29 .2 .

1 .3 .
9 .3 .

B. 8 V ulture,hooded f mat. Lolim 3 .4 .
B. 9 Cormorant, f mat. Sem liki 4 .5 .

B.IO
w hite-necked 
I b is ,  Hadeda m mat. — do — 4 .5 .

B . l l Cormorant, f mat. -  do - 4 .5 .

B.12
w hite-necked 
— do — f mat. — do — 4 .5 .

B.13 Heron, pu rp le f mat. — do — 4 .5 .
B.14 Heron, Squaoco f mat. — do — 4 .5 .
B.15 E agle, f i s h f mat. — do — 4 .5 .
B.16 P elican f mat. — do — 4 .5 .
B.17 D arter f mat. — do — 4 .5 .
B.18 V ultu re , m mat. — do — 5 .5 .

B.19
w hite-backed 
V u ltu re , hooded m mat. -  do - 5 .5 .

B.20 S to rk , f mat. — do — 11.5 .

B.21
s a d d le b i l l

S to rk , m mat. — do — 12.5 .

B.22
woolly-necked 

H ornbil], ground m mat. — do — 13.5 .
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TTVtiLE. Z.(Cov>h)

No. Species »Sex Age L o ca lity  \ Date Remarks

B.23 Bustard, Kori f mat. K ajiado
1334
ïiT ô . (K .l)

B.24 H o rn b ill, m mat. -  do - 12 .6 . (K .2 )

B.25
r e d -b i l le d

O strich m mat. — do — 15.6 . (K .3 )
B.29 -  do - f mat. — do — 27.6 .
B.26 Bu8hxd,K ori m mat. L oita 14 .12. (K .4 )

B.27 B ustard , Kori f mat. Suswa 23 .2 .
B.28 S ecre ta ry  Bird f mat. — do — 2 4 .2 .
B.30 V ultu re , w hite f mat. -  do - 2 4 .2 .

B .3I B ustard , Kori f mat. -  do - 24.2
B.32 — do — f mat. — do — 24.2 .

B.33 P a r ro t , f mat. Kamae 2 .3 .

B.34
red-headed 

— do — m mat. -  do - 2 .3 .
B.35 Touraco, m mat. -  do - 2 .3 .

B.36
H a rtla u b 's

V ultu re , f mat. Coast 2 2 .4 .

B.37
w hite-headed 

— do — m mat.
Province 
— do — 22.4 .

B.38 V ulture,hooded m mat. -  do - 2 2 .4 .
B.39 — do — m mat. — do — 22.4 .
B.40 Hoiri) i l l ,  ground m mat. O l'T uresh 1 6 . 7 .

B.4I -  do - m mat. — do — 16.7 .
B.42
B.43

V ulture,brow n 
E ag le ,B a te leu r m

mat.
mat.

-  do -
— do —

16.7 .

16 .7 .
B.44 H o rn b ill ,ground f mat. — do — 17.7 .
B.45 Guineafowl, m mat. — do — 17.7 .

B.46
helmeted 

-  do - m mat. — do — 17.7 .

1
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SPECIES LIST : TA ALE 2 .

U

----------- ------------------------------------------------------
COrder and Species 

(a lp h a b e tic a lly  a rranged)

----------
Ref. No.

f
Age group H ab ita t 

type Af
Degree of range- 
sh a rin g  w. v i l la g e s  
& dom estic stook»»^

Humber
m

co llec

f

ted

T otal
ARTIODACTYLA

B uffalo , Cape 
Syncerus c a f f e r  c a f fe r  (Sparrman) 13 - o ld ,lo n e G

— do — 15 - -  do - G
1

-  do - - 30 mature G _ _ _
-  do - - 31 — do — G _ _ _ 1 6 2 8
-  do - 94 - o ld ,lo n e G _ _ _ (
-  do - 95 - — do — G _
-  do - 96 - -  do - G _
-  do - 97 - -  do - G _ _
Bushbuok 

Tragelaphus s c r ip tu s  (Pocock) 12 o ld ,lo n e M _ 1 1 1 2
— do — - 14 mature G - _ — —1

Dikdik
Rhynchotragus k i r k i i  (Thomas) 49 mature HS V _ U  ' 1 1

Eland
Taurotragus oryx (lydekker) 64 old HS V u  - 1

-  do - - 106 m ature HS V T u 1 2 3
-  do - - 129 — do — S _ - — J

Gerenuk 
L ito cran iu s  w a lle r i  (Brooke) 53 _ mature HS V _ U  - 1

-  do - - 6o -  do - HS V - u 1 2 2 4
-  do - - 61 -  do - HS V - Ü
-  do - I l l - -  do - S _ o -  ^ 1

G azelle , G ra n t's  
G azella  g ra n t i  (H e lle r) 2 _ m ature HS V U  "

j  2-  do - 59 - — do - HS V - u  - - 2

G azelle , Thomson's 
G azella thomsoni (G uenther) 104 - m ature HS

4

V T u  - - 1 - 1



— fcT —

SPECIES LIST:"m&LE 3  ( e ^ )

47.

---------------------- — ---- ■■
Order and Species 

( a lp h a b e tic a lly  arranged)

1 " "  
Hef. 

m
No.

f
Age group H ab ita t 

type *
Degree of range- 
sharing  w. v i l l ^ e s

----------
Number

m
s coj 

f
le c te d
T otal

ARTIODACTYIA ( c e n t) & domestic s tock

G ira ffe , Masai
G ira ffa  C am elopardalis (M atschie) - 54 mature Hfi V T -

— do — - 124 — do — HS V - U 1 3 4
— do — - 125 fo e tu s HS V - u

-  do — 126 - mature HS V - u

H artebeest
A lcelaphus buselaphus

v a r .  cokei (G uenther) 3 - mature HS V - ü
1

-  do -  v a r . jackson i (Thomas) 17 - —■ do — G - - -

— do — — do — - 37 -  do - G - - - (  2

— do — — do — - 38 — do — G - - - J

Hippo
Hippopotamus amphibius (H e lle r) - 26 mature G “ ~

-  do - 27 - — do — G - - -

— do - - 28 -  do - G - - -

— do — - 29 foe tus G - - -

è  do - 40 - mature G - - - ' 3 6 9

-  do — 89 - -  do — G V - -

-  do — - 90 -  do - G V - -

-  do - - 91 — do — G V - -

-  do - - 92 -  do - G V - -

Impala -  Aepyceros melampus(Matschie) 1 - mature HS V - u  -
1 '

- 2
— do —- 145 - — do — M V - u J

K li^p sp rin g e r 1 1
O reotragus o reo tragus (Neumann) 77 mature HH
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Order and Species 
(a lp h a b e tic a lly  a rranged )

M .

m
No.

f

1
Age group H ab ita t

ty p e *
Degree of ran g e- 
sh a rin g  w. v i l la g e s  
& dom estic s to ck * "

Numbefs co] 
f

Llected
T o tal

ARTIODACTYIA (c e n t)
Kob, Uganda

Kobus kob 32 - mature G - - -

-  do - 34 -  do - G _ _
, 4 4

-  do — 35 - -  do - G - - -
— do — 36 - juven ile G - - -

Kudu, le s s e r
Tragelaphus im berbis (H e lle r) 115 - mature S V - U -  1 - 1

O rib i -  O urebia ourebi 16 mature G - - -
1 1

—  do — 155 - foetus G " " - J

Oryx, fr in g e -e a re d
Oryx b e isa  c a l l o t i s  (Thomas ) - 51 mature HS V u 1 2

-  do - 66 - -  do - HS V - u )

Reedbuck (W ard 's) Bohor
Redunca redunca wardi (Thomas) 43 - old G " 1 2

— a o  — - 78 mature HR V T
-

S teinbok
Raphicerus cam pestris (BeW inter) 69 - mature HS V - u - 2

-  do - 71 - -  do - HR V T J

Warthog
Phacochoerus a e th io p ic u s (Cretzsohm ar) 5 - mature G -

-  do - 6 - — do — G - - -

— do — - 7 -  do - G - - -

— do - 8 - -  do — G - - - • 5 2 7

-  do - 9 - -  do — G - - -

-  do - - 10 -  do - G - - -

— do - 33 - -  do - G
"
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Order and Species
---------

Ref. No. Age group ' H ab ita t Degree of range- Hunkers co lle c te d
(a lp h a b e tic a lly  arranged) f ty p e * s h arin g  w. 

& dom estic
v il la g e s
stock** m f T otal

CARNIVORA
Aardwolf

P ro te le s  c r i s t a tu s  (Sparrman) - 151 mature S V - U - - - 1 1

C at, T a ita  wild
F e lis  ly b ic a  t a i t a e  (H e lle r) 123 - mature S - - - 1 2 2

-  do - 143 - -  do - N V - U - /

C ivet -  C iv e t t ic t ie  c iv e tta (C a b re ra ) - 20 ju v e n ile 0 - - '
1 1

Dog, Cape hun ting
Lycaon p ic tu s  (Thomas) 109 - mature S

-
1

Fox, b a t-e a red
Otocyon m egalo tis (D esm arest) 58 - mature HS -

!  ■
- 2

-  do - 130 - -  do - S - i

Genet, G enetta g e n e tta  (M atschie) 68 - mature M V T u • 1 - 1

Hyaena, sp o tted
Crocuta o rocu ta  (E ^rxleben) - 41 mature G - " ]

— do — 42 - ju v en ile G - - - 2 3

-  do - - 82 old HS V - u  - J

Hyaena, s t r ip e d uHyaena hyaena (Meyer) - 148 mature
Jac k a l, b lack-backed

HS uCanis mesomelas - 48 mature 1
— do — _ 52 — do — HS V - u

I 1 3 4
— do —- 62 -  do — HS V u 1

L ion°- Pan thera  leo  (Neumann)
39

105 — do — 
ju v en ile

HS
G

. V T 1 u

-  do - 56 mature HS V - u  '

-  do - 57 old HS V - Ü

-  do - _ 136 mature M V - Ü 3 4 7

I  do I 138
137 :

M
M

V
V
V

u
u
u  --  do - - 147 ju b e n ile
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Order and Species 
(a lp h a b e tic a lly  arranged )

Ref.
m

No.
f

------  . --------
Age group H ab ita t

ty p e *
Degree of ran g e- 
sh arin g  w. v i l la g e s  
it dom estic s to ck * *

Numb
m

srs co] 
f

Llected

T otal

CAENIVOHA (c e n t)
Mongoose, w h ite - ta ile d  

Ichneumia a lb icauda  (Thomas) - 80 mature HR V T . 1 1
Serval

F e lis  s e rv a l (Vfroughton) 
-  do -

65

79
- mature 

-  do -
S
HR

V
V T

U

r
- 2

HÏHACOIDEA
Rock hyrax -  Procavia caoensis 73 - mature HR V 3 -
— do — - 74 mature H E V T - 2 1 3
-  do - 75 mature HR V T -

LAGOMORPHA
Hare, A frican  

Lepus capensis (De Winton) 72 mature HR V T 1 1

PHUSSODACTTIA
Rhino, b lack  

D iceros b ic c rn is  (L innaeus) 128 . mature S V T u
I 2 2

— do — 153 - -  do - ? ? ? ? 1
Zebra, B u rc h e ll 's  

Equus b u rc h e ll i  ( lydekker) 4 mature HS V - u
-  do - 50 - -  do — HS V - u
-  do - 55 — -  do — HS V - u 1 4 2 6

63 - — do — HS V - u
-  do - — 67 -  do — HS V - u
— do — - 70 -  do — HS V T u

PRIMATES

Chimpanzee -  Pan tro g lcd v te s 98 - old M/0 V - -
I P

1 2
— do — - 1 0 2 mature V - -

Colobus, b lack  and w hite 
Colobus polykomos 1 1 old M _ - -

l l  ^
2

— do — 1 0 1 - mature M/G V
■

1 )
I
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nrdmr and Species Ref. No. Age group H ab ita t 

type ^ Degree of ran g e- Numbers c o lle c te d
(a lp h a b e tic a lly  arranged) m 1 f sh arin g  w . v il la g e s

& dom estic stock** m f T o tal
PRIMATES (c e n t)

Galago, Senegal
144 matureGalago S enegalensis M V - U - _ 1 1

Monkey, Blue (S y k e^ )
139 matureO ercopithecus m itis M V T —

— do — 140 - mature N V - ü 2 1 3
-  do - 142 - -  do - N V - U

Monkey, V ervet
44O ercopithecus ae th iops - mature

-  do - - 45 — do — G - - -

— do - 46 - -  do - G - - - 1 4 2 6
— do — 47 - ju v e n ile G - - -

— do — - 141 mature N V - ü

—. do — 146 - -  ■
N V U

PROBOSCIDEA
E lephan t, A frican  savannah 154 - fo e tu s S V T u

Loxodonta a f r ic a n a  a f r ic a n a 135 c a lf M V u
(Blumenbach)

-  -  ( l i s t e d  in  r e l a t i v e - 114 c a lf S V T u
— do -  age o rd e r) 113 - ju v en ile S V T u
—  do — - 133 -  do - M V - u
— do — lOà - — do — M V V u
-  do - 134 - su b -ad u lt M V - u
— do — 110 - — do — S V T u
—(îfcLo — - 23 — do — G - - -

-  do - 100 -  do - W V - u

-  do - 25 —  do — G - - -

- d o - 83 - -  do — M V u f
1
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Order and Species 

(a lp h a b e tic a lly  a rranged )
Ref.
m

No.
f

Age group H ab ita t
type*

Degree of r  
sh a rin g  w.
& domeetio

ange- 
v i l la g e s  
a took**

Niimbe

m

es co] 

f

le c te d

T o tal
PROBOSCIDEA (c e n t)

E lephant, A frican  savannah (c e n t)  
( l i s t e d  in  r e l a t i v e  age o rd e r)

99 - prime
ad u lt

M V U

— do — 132 - -  do - M V U
-  do - - 112 — do — 8 V T U
— do — 85 - — do — G V -

-  do - 87 - -  do - G V -
-  do - 149 - — do — S V T U
-  do - 150 - -  do - 3 V T U

-  do - 118 - -  do — S V T u
-  do - - 22 — do — G - - 1
-  do - - 24 — do — G -  - -
-  do - 19 - — do — G - - j

-  do - - 88 -  do - G V -

—  do — 152 - —  do — M V T u 1

-  do - 131 -  do - S V T u ,-25 15 40

-  do - 127 -  do - S V T ü

-  do - 84 - —  do — G V - '

-  do - 93 - sen io r
ad u lt

G V
i

-  do - 119 - -  do - S V T u
-  do - 120 - -  do - S V T u
-  do - 108 - -  do - S V T ü

-  do - _ 21 -  do - G É.W -

-  do - 18 - — do — G - -

-  do - 116 - — do — S V T u
f

-  do - 117 - — do — 1  s V T u 1
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Order and Species 
( a lp h a b e tic a lly  a rranged )

Ref. No,
f

Age group
1

PROBOSCIDEA. (c e n t)
E lephan t, A frican  savannah (c o n t)

( l i s t e d  in  r e l a t i v e  age o rd e r) 86
1 sen io r 
\ a d u lt

-  do - 121 - — do — f
— do — ; - 1122 1 — do —
-  do - - '107

1
s e n i le ,  

; lone

RODENTIA
S pring hare  

Pedetes s u rd a s te r  ( H o l l i s te r )
Rodent mole 

Cryptomys s p .

76

61

m ature

mature

H ab ita t 
type *

HR

HR

Degree of range- 
s h arin g  w. v i l la g e s  
it dom estic s to ck * *

V _

V T U
V T U
V T U

V T _

V T

Numbers c o lle c te d  

T o tal

KAÎH1Â.LS: T o tal number o f o rd e rs  represen ted : 8
T o ta l number o f sp e c ie s  rep re sen ted :43
T o ta l number o f specim ens co llec ted , m ales 95)

fem ales 6o ,
155

(Key:*H abita t ty p e : M * montane
G = Uganda g ra s s la n d , o r degenerate^ f o r e s t  

w ith  permanent lak es  and r iv e rs  
S = Scrubland 

HS -  H ig h -a lt i tu d e  scrub land  (non-fenced n a tiv e  
ranch ing )

HR = H ig h -a lt i tu d e  ranch land  (fenced)

**Degree o f range sh a rin g  w. v illa g e s  
and dom estic s to ck :

V » v i l la g e s  and se ttlem en ts  
T » dom estic s to ck , re g u la r ly  tre a te d  ag a in s t 

endo- and e c to -p a ra s ite s  
U -  dom estic s to ck , un trea ted  (o r i r r e g u l ^ l y  

t r e a te d )  a g a in s t endo- and e c to -p a ra s ite s .
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O rder and S p e c ie s  
( a l p h a b e t i c a l l y  a r r a n g e d )

R ef.
m

B,

Mo.
f

Age
G rp.

H a b i ta t
Type

CICONIIPORMES

H eron, p u rp le  
A rdea p u rp u re a * B. 3 m at. hr7

— do - - B . I 3 - d o - G7
H eron, Squacco 

A rd e o la  r a l l o i d e s B .I 4 - d o - G7
I b i s ,  Hadada 

H ag ed ash ia  h ag ed ash B.IO .^io— G

S to r k ,  S a d d l e b i l l  
E p h ip p io rh y n ch u s  s e n e g a l -  
e n s i s B .20 —do— G

S to r k ,  w o o lly -n ec k ed  
D is s o u ra  e p is c o p u s B .21 - - d o - G

CGRACIIPORMES

H è r n b i l l ,  g round  
B ucorvus s p . B .22 - d o - G

— do — B .40 - —do— M
— do — B .4 I - - d o - M
— do - B.44 - d o - N
H o r n b i l l ,  r e d - b i l l e d  

Tockus oam urus B.2 4 - —do— HS

CÜCÜLIPORMES

T u ra c o , H a r t l a u b 's  
T auraco  h a r t l a u b i B.35 - - d o - N

" ( a f t e r  A.L# Thomson a n d /o r  J* 0 . W illia m s )  

/ ( L i t t o r a l )
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qPECIES LIST (BIRDS) rTPHiLe. A

O rder and S p e c ie s  
( a l p h a b e t i c a l l y  a r r a n g e d )

xtef # No • 
m

Age
Grp,

H ab ita t 
Type

PALCONIPORMES

B uzzard ) Augur 
B uteo r u f o f u s c u s

E ag le )  B a te le u r  
T e ra th o p iu s  e c a u d a tu s

E a g le )  f i s h  
H a l ia e tu s  v o c i f e r

E a g le )  taw ny 
A q u lla  r a p a i

S e c r e t a r y  b i r d  
S a g i t t a r i u s  s e r p e n t a r i u s

V u ltu re )  E g y p tia n  
Neophron p e rc n o p te ru s

V u l tu r e )  hooded
« d o  -  B e c ro s y r te s  mo

^  do —

■» do —

— do —

V u ltu r e )  w h ite -b a c k e d  
P seudogyps a f r i c a n u s

— do —

V u ltu re )  w h ite -h e a d e d  
T rig o n o c e p s  o c c i p i t a l i s

GALLIPGRMES

G u in e a -fo w l)  h e lm e ted  
Numida m i t r a t a

— do -

B. 6

B . 4 3

B . 1 5

B. 7

B.28
B^30

B. 8

B . 1 9
B.38

3 . 3 9
3.42

B.18

3 .37

B.36

3 .45
B.46

m at.

m at.

—do—

- d o -  

—do— 
—do— 

—do— 
-do—

—do— 

- d o -

—do—

- d o -

- d o -

HR

-d o -  07

—do— HS

- d o -  HS

HS

G
G
S

S

K

G
S

N

M
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SPECIES LIST (BIRDS) : Tft-st.6. 4  (c«.h)

O rder and S p e c ie s  
( a l p h a b e t i c a l l y  a r r a n g e d )

R e f. No. 
m f

Age 
Or p.

H a b i ta t  
Type

GHÜIP0R1IB3
B u s ta rd )  K o ri 

A rd e o tis  k o r i

-  do — 

do —

-  do -

-  do -

PEIBCANIPORKES
C orm oran t) l o n g - t a i l e d  

P h a la c r o c o r a i  a f r io a n u s

-  do -

C o rm oran t) w h ite -n e c k e d  
P h a la c r o c o r a i  c a rb o  lu c id u s

B .26

— do —

— do —

D a r te r  
A nhinga r u f a

— do —

P e l ic a n )  w h ite  
P e le c a n u s  o n o c ro ta lu s

— do -

PSITTACIFORMES

P a r r o t )  re d -h e a d e d  
P o ic e p h a lu s  g u l ie lm i

— do —

STRUTIflONIPORMES 

O s tr ic h )  S t r u t h io  cam elus

— do —

B.23

B.27
B .3I
B.32

B. 4

B.5

B. 2

B. 9
B . l l

B .12

?

B .I7
B. 1 

B .16

B.33

B.34

B.29
B.2 9

m at. 

- d o -  

- d o -  

—do— 

- d o -

m at.

- d o -

- d o -  

—do— 

—do—

- d o -

- d o -

- d o -

—do—

- d o -

- d o -

- d o -  

—do—

HS

HS

US

HS

HS

hh7
hh7

07
07
07

HH7

07
HR7

07

H

N

HS

HS

7 ( L i t t o r a l )
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BIRDSi T o ta l  num bers

O rd e rs  r e p r e s e n te d *  9 

S p e c ie s  r e p r e s e n te d *  25 

S pecim ens c o l le c te d *  46
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' ■ PIATE I I Ijj?jf.v-. : '"

-•f y%i

m _

" k  „ A geing  c r i t e r i a ;

( a )  Horn g ro w th ; e l d e r l y  m ale  hushbuok .

( b )  T oo th  w e ar; lo w e r i n c i s o r s ,  e l d e r l y  

fe m a le  o ry x .

( c )  Horn and e a r  w ear, s i z e  and s t a n c e ;  

e l d e r l y  m ale  b u f f a l o .

( d )  S k in  c o lo u r ;  e l d e r l y  m ale  e la n d .
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I d e n t i f i c a t io n  and R elevanoe o f  P a r a s ite s  

C o lle c t io n  o f  p a r a s i t e s

Endo- and e o to -p a ra s i te s  have been c o lle o te d  f o r  

id e n t i f i c a t i o n  from every specimen in  whloh th ey  oould 

be lo c a te d  d u rin g  au to p sy , as th e se  may p lay  a s ig n i f i c a n t  

r o le  in  th e  a e tio lo g y  of c a rd io v a sc u la r  d is e a s e  in  f r e e -  

l iv in g  w ild  an im als . A lthough p a r a s i t i c  in f e s ta t io n s  

occur in  a c c lim a tis e d  and t r e a te d  an im als in  soos and 

ex p erim en ta l l a b o r a to r ie s ,  they  a re  com parative ly  unim

p o r ta n t  in  r e l a t i o n  to  c a rd io v a sc u la r  d is e a s e  (F iennes 1) 6?)

In  th e  f i e l d ,  p a r a s i te s  were sought in  th e  norm ally  

favoured  p a r t s  o f th e  body of each mammal and b ird  as

p a r t  o f th e  au topsy  r o u t in e ,  and sam ples c o lle c te d  fo r
s . . ' . f  " c

i d e n t i f i c a t i o n .  I f  p a r a s i t e s ,  or su sp ec ted  p a r a s i t e s ,  

were n o tic ed  in  unusual lo c a t io n s ,  th e se  were a lso  

c o l le c te d .  The fo llo w in g  were ro u tin e  in sp e c tio n  s i t e s t -

A. E c to p a r a s ite s  -  e a r s , e y e s , n o s t r i l s ,  b u cca l c a v it y ,

a x i l l a ,  an u s, e x te r n a l g e n i t a l i a ,  t a i l .

B. E n d op arasites -  oesop h agu s, s k in ,  tr a c h e a , lu n g s ,

l i v e r ,  k id n e y s , h e a r t and p er icard iu m , i n t e s t i n a l
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v a i l s I  s to m a c h , c a e c a l  and r e c t a l  c o n te n t s ,  and

b lo o d  sm e a rs .

U rin e  was n o t  c o l l e c t e d  o r  exam ined .

E c to p a r a s i t e s  have been  s e n t  to  M s s  Ja n e  B. W alker, 

M .S c ., O n d e r s te p o o r t ;  S o u th  A f r i c a ,  f o r  i d e n t i f i c a t i o n ,  

b u t  t h i s  w ork i s  a s  y e t  in c o m p le te .

E n d o p a ra s i te s  have  b een  i d e n t i f i e d  by D r.M .C la rk so n , 

S ch o o l o f  T r o p ic a l  M e d ic in e , L iv e rp o o l,  and M r.R.H.T-W - 

F ie n n e s ,  P a t h o l o g i s t ,  Z o o lo g ic a l  S o c ie ty  o f  London.

The a s s i s t a n c e  o f  th e s e  w o rk e rs  i s  g r a t e f u l l y  acknow ledged .

R e le v an c e  o f  th e  p a r a s i t e s  c o l l e c t e d  to  c a r d io v a s o u la r  

d i s e a s e

A. E c to p a r a s i t e s  m ust be  re g a rd e d  a s  h a v in g  l i t t l e  o r  

no s i g n i f i c a n c e  i n  r e l a t i o n  to  th e  s tu d y  o f  oard  i  ovas o u la r  

d i s e a s e ,  e x c e p t i n s o f a r  a s  th e y  may a c t  a s  in te r m e d ia te  

v e c to r s  f o r  e n d o p a r a s i te s  (P ro to z o a ,  L e p to s p ir a  and 

H e lm in th s )  l i a b l e  to  a f f e c t  th e  b lo o d - v a s c u la r  sy s tem  

o f  th e  h o s t ; .  I n  c o n n e c tio n  w ith  t h i s  p o s s i b i l i t y ,  i t  

was n o te d  d u r in g  t h i s  p r o j e c t  t h a t  e c t o p a r a s i t e s  w ere 

re m a rk a b ly  s c a r c e ,  o r  even t o t a l l y  a b s e n t ,  in  w ild  a n im a ls  

c o l l e c t e d  i n  th e  h ig h  r r n c h la n d s ,  w here d o m e s tic  s to c k  

r e c e iv e d  r e g u l a r  i n t e r n a l  and e x te r n a l  t r e a tm e n t  a g a i n s t  

p a r a s i t e s .  T h is  s i t u a t i o n  c o n t r a s t e d  s t r o n g ly  w ith
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th a t  o b ta in in g  in  a l l  o th e r  h a b i ta t s .

B. E n d o p arasites

i )  Helmin th s  were p o s i t iv e ly  lo c a te d , and 

id e n t i f ie d  as th e  cau sa l agen ts  of a o r t i c ,  c a rd ia c  and 

p e r ic a r d ia l  le s io n s  in  a l l  o f th e  e ig h t b u ffa lo e s  

c o l le c te d .  These were id e n t i f i e d  as Onchocerca 

a r m i l la ta  ( R a i l l i e t  and Henry 1912) and Elaeophora 

p o e l i /Vryburg 1879)1

The to r tu o u s  burrows ram ify in g  through th e  a r t e r i a l  

in tim a  and m edia, a o r t i c  u lc e r s  and aneurysm s, and o th e r  

c h a r a c te r i s t i c  le s io n s  caused by th e se  p a r a s i t e s ,  were n o t 

seen  in  e lep h an t a t  a l l ,  a lth o u g h  in  one o r two cases le s io n s  

d id  o ccu r, which r e c a l le d  th e  appearanoe of o ld  c a lc i f ie d  

p a r a s i t i c  le s io n s  (Bernard & Bauche 1912$ R a i l l i e t  & Henry

1912$ Sandground 1932 , 1938$ Tamaguti 1961$ C larkson I9 6 4 ).
(Chodnik 1957, 1958).

I n  c e r t a i n  C a rn iv o ra  ( s p o t t e d  hyaena  M.82$ s t r i p e d

hyaena M .I48 and T a ita  w ild  c a t  M .I4 3 ) a type o f le s io n ,

s im ila r  to  th a t  r e s u l t in g  from th e  burrow ing a c t i v i t i e s  of

E laeophora and Onchocerca in  b u f fa lo e s , was found. The

burrow s, however, were much sm a lle r , and in  many oases

su rround ing  a re a s  of e a r ly  n e c ro s is  con tained  la rg e  numbers

of very  m inute c e l l s ,  which s ta in e d  deep ly  w ith  Giemsa and

G urr*s NRG s t a i n s  (G u rr I 9 6 3 ) .  I t  seem s p o s s ib l e  t h a t  th e
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burrows may have been oaused by a p a r a s i t i c  worm, perhaps 

S p iro cerca  sp . (Lapage I9 6 2 ); (Babero I9 6 5 ), and th a t  a 

secondary t i s s u e  r e a c t io n  fo llow ed .

S p iro ce rca  lu p i  Rudolphi I809 has been recorded  from 

a cheetah  in  Kenya (M urray, Campbell & B a r re t t  1964). These 

au th o rs  d e sc rib ed  " l in e a r  and oval r a is e d  p laques w ith  

superim posed throm bi . • •  a long  the  e n t i r e  le n g th  of th e  

th o ra c ic  and th e  i n i t i a l  few cms of th e  abdominal a o r ta .  

There was a l in e a r  thrombus in  th e  te rm in a l 1 cm of the  

a o r ta  and th e  thrombus b ifu rc a te d  a long  both  i l i a c  a r t e r i e s  

f o r  3 - 4  cm. Thrombi were found in  bo th  branches of th e  

pulmonary a r te r y .  H is to lo g ic a l  exam ination rev ea led  

S p iro c e rc a  lu p i  worms tra c k in g  along th e  a o r t i c  media 

surrounded by a re a s  of n e c ro s is .  The tra c k in g  had oaused 

d is ru p t io n  of th e  e l a s t i c  f ib r e s  and damage to  th e  endo

t h e l i a l  l in in g  o f th e  a o r ta  w ith  r e s u l t a n t  th ro m b o s is .. .  

I l i a c  throm bosis i s  a reco g n ised  cause of sev ere  i l l n e s s  

in  th e  dom estic c a t . . .  I t  i s  im possib le  to  be su re  w hether 

th e  s p iro c e rc o s is  was th e  f i n a l  cause of d e a th , o r w hether 

th i s  ac ted  in  co n ju n c tio n  w ith  anaem ia." In  t h e i r  

comments on th e  p resence  of wedge-shaped r e n a l  in f a c ts  in  

th i s  ch ee tah , they  a lso  m ention th e  p o s s i b i l i t y  o f pulmonary 

o r re n a l embolism as th e  f i n a l  cause of d ea th .
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This case i s  o f p a r t i c u la r  i n t e r e s t ,  as reco rd s  of 

n a tu r a l ly  o c c u rr in g  throm bi in  w ild an im als a re  r a r e .

I t  should however be noted th a t  th i s  cheetah  was one of 

a p a i r  which had been su b je c te d  to  ex cess iv e  and u n n a tu ra l 

s t r e s s  d u rin g  t h e i r  c a p tu re  n ea r W ajir and subsequent 

t r a n s p o r t  to  N a iro b i, thus perhaps causing  a p re v io u s ly  

" s i le n t*  p a r a s i te  to  cause sev e re  d is e a se  (F iennes 1963) . 

The o th e r  member o f th e  p a i r  responded to  trea tm en t and 

reco v e re d . There appears to  be no a v a i la b le  evidence 

as to  w hether an adequate h o s t - p a r a s i te  to le ra n c e  i s  

ach ieved  in  n a tu re  to  enab le  w ild ca rn iv o re s  to  su rv iv e  

n a tu r a l ly  o c c u rr in g  s t r e s s e s .

The specim ens of ca rn iv o re s  c o lle o te d  by th e  au th o r 

do n o t show any evidence o f p o te n t ia l  f o c i  f o r  thrombus 

fo rm atio n  o th e r  th an  th e  s c a r i f i c a t io n  o f th e  a r t e r i a l  

in tim a . I t  i s ,  however, of no te  th a t  bo th  in  th e se  

ca rn iv o re s  and in  b u ffh lo  w ith  p a r a s i t i c  le s io n s  of th e  

a o r ta ,  s tra n d s  of f ib r in o u s  m a te r ia l ,  s ta in in g  p in k is h -re d  

w ith  van G ieso n 's  s t a i n ,  were found to  emanate from th e  

a o r t i c  in tim a  and t r a i l  in to  th e  a o r t i c  lumen. I t  i s  

p o s s ib le  th a t  in  very  advanced cases accompanied by th e  

fo rm ation  of in tim a i f ib r in o u s  ta g s ,  th e se  m ight, under
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ex cess iv e  s t r e s s ,  form fo c i  f o r  th e  fo rm atio n  of throm bi 

i f  th e  blood o f th e  p a r t i c u la r  sp e c ie s  i s  in  f a c t  capable 

o f form ing th rom bi. <

There seems to  be s u f f i c i e n t  evidence from dom estic 

and c a p tiv e  anim als to  in d ic a te  th a t  th e  blood of c a rn iv o re s  

d o es , in  ex c e p tio n a l c ircu m stan ces , form throm bi (Palumbo & 

Hubbard I9 6 6 ). A throm bic embolus vas observed a t  au topsy  

in  th e  c a ro tid  s in u s  of a t ig r e s s  which d ied  in  th e  Gardens 

of th e  Z o o lo g ica l S o c ie ty  of London in  I965 (specim en DB/570) 

A f u r th e r  thrombus was seen  in  th e  l e f t  a tr iu m , as were 

c a lc i f i e d  le s io n s ,  a lthough  no le s io n s  were found in  th e  

a o r ta  i t s e l f .  I t  i s  no t im probable th a t  th i s  thrombus 

m ight have been th e  cause of te rm in a l c e re b ra l in s u f f ic ie n c y .

i i )  L ep to sp ira  -  A g g lu tin a tio n  t e s t s  f o r  L ep to sp ira  

a n tib o d ie s  in  th e  s e ra  o f anim als c o lle o te d  in  th i s  p ro je c t  

were p o s i t iv e  in  th e  cases of g i r a f f e  (M.124) , e land  (M .I06), 

Thomson"8 g a z e l le  (K .104) and e lep h an ts  M .I50, IO8 and 114* 

(Twigg 1966). The p o s s ib le  p resence  o f L ep to sp ira  in  

a r t e r i a l  t i s s u e  cajinot th e re fo re  be overlooked , and i s  

p re s e n tly  under in v e s t ig a t io n  by Dr. O .I . Twigg of Royal 

Holloway C o lleg e , U n iv e rs ity  o f London.
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i l l )  O ther p a r a s i te s  -  I d e n t i f i c a t io n  o f many of th e  

p a r a s i te s  c o l le c te d  d u rin g  th e  p re se n t p ro je c t  i s  s t i l l  

pending , as in  many cases i t  r e l a t e s  more d i r e c t ly  to  

th e  d i s c ip l in e  o f P a ra s ito lo g y  i t s e l f  than  to  com parative 

c a rd io v a sc u la r  s tu d ie s .  For example, th e  occurrence of 

S e ta r ia  (A rtionem a) sp . (C larkson  1) 66 ) in  th e  a o r t i c  

f a s c ia  o f gerenuk (specim ens M.60 and M .6I) i s ,  from th e  

p o in t  of view of t h i s  p r o je c t ,  an in t e r e s t i n g  hu t in c id e n ta l  

au topsy  f in d in g , whereas i t s  s ig n if ic a n c e  as a p a r a s i to lo g i

c a l  f in d in g  i s  th a t  i t  appears to  he a new h o st and a new 

s i t e  reco rd  fo r  th e  genus.

A l i s t  o f p a r a s i te s  c o lle o te d  d u rin g  th i s  p ro je c t  

fo llo w s below.

V fi
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LIST OF PARASITES :TA(&LE. 5 -

M A M M A L S

H o s t
I

P a r ;
Scto-

a s i  t  e 8 
Endo- »»

N o t e s

ARTIOBACTYLA
B u ffa lo , Ticks* ARTHROPODS

Cape
(6 m, 2 f ) 7 L inguatu la  sp . 

HELMINTHS
a) Paramphistomum

p h i l l e r o u i i
b) T h e laz ia  rh o d e s il

in  b ra in  t i s s u e  
(Garnham I966)

in  stomach and 
à iv e r
on co n ju n c tiv a

c) Onchocerca 
a r m i l la ta

i ) E laeophora 
p o e li

in  a o r t i c  w all and 
f a s c ia ,  pericard ium  
and epioardium  
in  a o r t i c  aroh 

(see  P la te s jv -# )
b) M ic ro f i la r ia ,  

o th e r  (uniden
t i f i e d )  

perhaps S e ta r ia  
cerw i

1

in  blood c lo t  from 
t i g h t  v e n t r i c le ,  
f ix e d  in  10$ forma
l i n ,  l a t e r  s ta in e d  
Giemsa

: PROTOZOA
a ) la rg e  s c h iz o n ts , 

perhaps T h e ile r ia
in  blood sm ears, 
s ta in e d  Giemsa

parva
b ) p a r a s i t i c  organ

ism s,?  o th e r  
P ro tozoa

(F iennes 1966)
in  smears from 
t a i l  sw e llin g s , 
M.I5 and M.97

Eland T icks * HELMINTHS
(1 m, 2 f ) Tapeworm 

(u n id e n ti f ie d  )
from l iv e r

Gerenuk T icks " HEU4INTHS
(2 m, 2 f ) a)C estode cy s t 

( u n id e n t i f i e d )
on l iv e r

♦ (se n t to  Miss J .B . W alker, O nderstep o o rt, South A fr ic a , 
f o r  i d e n t i f i c a t io n )

♦♦(H allo ran  1955$ Lapage 1956*1962) (Cheng I964)



'46

LIST OP PARASITES : TMiLe- S(e.<r»\- )

H o s t
E c to -

Gerenuk 
( c o n t . )

G aze lle ,
G ran t*8(2 m)

G a z e l le ,(1 m) 
Thomson's

G ira f fe , Masai 
(2 m ,3f)

t ic k s *

tic k s *

tic k s *

h )  S e t a r i a ( A r t i o n e m a ) 
sp*

HELMINTHS
a ) T h e laz ia  sp .

b) Ces to d e (u n id e n t .)

c) S e ta r ia  sp .

HEIAONTHS 
?8 e s to d e (u n id e n t. ) 

HELMINTHS
? ftesto d es( Onid e n t . )

PROTOZOA
B abesia

3 fem ales on ly  
resem ble 
S. Boalprum 
(se e  M.0 9 ) 
f ib r in o u s  tag s  
also noted on 
lungs,stomach 
and sp leen
(Teh 1959; Torke 
it M aplestone 1926) 
on con junct
iv a
C ysts in  
connective  
t i s s u e s , th o ra c .
& ab d o m .cav itie s , 
l i v e r ,  & on 
h e a r t
P e r ic a rd .p a r t ,  
ad h e ren t to  
h e a r t ,  w ith  
some f ib r in o u s  
ta g s
c y s ts  in  conn
e c t iv e  t is s u e s

v ery  la rg e  
hyd a t id  cy s ts  
(see  P la te  ) 
w hite  c y s ts  in  
k idney & f i b r .  
ta g s  on v a rio u s  
o rg an s .
in  blood smear 
s ta in e d  Giemsa, 
E o s in o p h il ia ,-  

? a s s . w .in d ire c t  
p a ra s it is m



LIST OF PARASITES : TA&ue S (c^h)

H o s t

H arteb eest 
(2  m, 2 f )

Hippo 
(3  m, 6 f )

P a r a s i t e s  
E c to - E n d o -

Ticks*

Ticks*
m ites
le ech 
es

Kob(4 m)

O r i b i ( l m , l f )

Ticks*

T ick s*

ARTHROPODS 
O estrus v a r io lu s u s

HELMINTHS
a )Amphistoma sp .
b )G ed o e ls tia  c r i s t a t a

c )?  Cestode c y s ts

(P a ra s i te s  id e n t i f ie d  
by N.U.T.A.E. and 
E.A.V.R.O.;Kenya#
HEIAdNTHS ^ . 
O cu lo trem a  h ip p o p o ta mi
F a sc io la  nyanzae 
N ilo c o ty le  wagandi 
N. minutum 
N. s e l l s i

G igan toco ty le  d u p li
c i t é s  torum 
3 u n id e n t, s c h is to 
some specimens 
M oniesia sp .
A sca ris  hippopotam i 
Cobboldina v iv ip a ra  
L e ip e r ia tu s  hopkeni

HELMINTHS 
Amphistoma sp .
S e ta r ia  (A rtionem a) 
p i l l e r a i

HELMINTHS
S e ta r ia  (A rtionem a) 
scalprum

N o t e s

in  n a sa l ca
v i t i e s  & b ra in

in  stomach
in  c a ro tid  

f a s c ia  
on h e a r t , l e g  
m uscles, e tc .
E n d o p arasites  
no t c o lle c te d  
by a u th o r ,a s  
N.U.T.A.E.
were c a rry in g  
out d e ta i le d  
su rv ey .
D inn ik  a l . 
1963 ; T h u rs to n  
& Laws 1 965 )

stomach
2 specimens 
found in  f a s c ia  
o f re n a l a r te ry



LIST OP PARASITES :'nvia LG. 5(ccyy.^).

H o s t P a r . a  s i t e s N o t e s
Bcto— Endo-

Oryx 
(1 m, 1 2)

Ticks* HELMINTHS

Heedbuck; Bohoi 
(1 m, I f )

S teinbok
( 2 a . )

Warthog
( 5  m ,  2  f )

CARNIVORA
C at; T a ita  wile 

(2 a )

Pox, b a t-e a re d  
(2 a )

H f& na,spotted 
(1 m, 2 f )

Ticks*

Ticks*

T ick s*

Taenia hydatigena 
( la r v a l  s ta g e )
S e ta r ia  sp .

Ticks* HELMINTHS
Amphistoma sp . 
Nematode ( u n id e n t . )

T icks* HELMINTHS
S e ta ria (A rtio n e m a) 
scalprum
Amphistoma sp .
? Cestode (u n id e n t .)

T icks* M urshidia sp .
P leas*  S e ta r ia  ( A rtionem a) 

congo lensis

HELMINTHS 
?S p iro ce rca  sp . 
HELMINTHS
D ipylidium  o tocyon is

HELMINTHS 
Taenia hyenae 
? S p iro c e rca  sp .

A o r t a l  f  dSgWA. ' 
f ew i e s i t ns ,  
shows some e i mi - 
l a r i t y  to  th e s e 
of 0 , a rm il la ta- 
i n th e b u ffa l-e-

stomach
abdominal cav

i t y

stomach co n ten ts  
c y s ts  on l i v e r  

& h e a r t

i n t e s t i n e  
w hite  a re a s ,
? c y s ts  on l i v e r

burrows in  
a o r ta

in  in t e s t i n e

in  in t e s t i n e  
burrows in  

a o r ta
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LIST OF PARASITES; T R a u e . 5~

Ecto— Endo—

Hyena, s t r ip e d  
(1 f )

J a c k a l , b la c k -  
backed 

(1 m, 3 f )

L ion  
(3 m, 4 f )

Ticks*

Ticks*

Ticks*
P leas*
F lie s *

Mongoose, w h i t ^
t a i l e d  ( l  f )  

S erv a l ( 2 m)

HTSACOIDEA
Hyrax, rock  

(2 m, 1 f )

lAGOMORPHA
H are, A frican  

(1 f )

PERISSODACTTLA
Rhine, b la ck  
(1 m)

Ticks*

HELMINTHS 
?S p iro ce rca  sp* 
HELMINTHS 
T aenia hydatigena

ARTHROPODS 
L inguatu la  s e r r a t a

HELMINTHS 
T aenia gonyamai 
N em atodes(un iden t.) 
? Cestodes

PROTOZOA 
B abesia sp .

in  ao rta -bu rrow s

in  in t e s t i n e

in  n o s t r i l  o f
M.39

in  in t e s t i n e  
in  body o av ity  
w hite  sp o ts  on 
l i v e r , ?  c y s ts

in  blood smears 
Giemsa 

(F iennes I 9 6 5 )

Ticks*

T ick s*

HELMINTHS 
Inerm i caps i f  e r  p rionodes | 
I .  h y ra c is  ^
Nouvelnema cyclophoron
Grossophorus c o l l a r i s

HELMINTHS 
? Cestode? cy s t

no en d o p a ra s ite s  
seen  o r c o lle c te d

( P e t te r  1959)

one only  seen  
on l i v e r
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l i s t  OP PARASITES :TR-fi,LE. S  (cW .)

Z ebra, 
B u ro h e ll 's  

(4 m* 2 f )

PRIMATES

Chimpanzee 
(1  m, 1 f )

Monkey,
V e rv e t  

(4  m, 2 f )

PROBOSCIDEA

E le p h a n t ,
A f r i c a n

(25 m, 15 f )

P a r a s i t e s  
E c to - Endo-

Tioks*

T icks*

none
seen

T icks*

ARTHROPODS 
G astro p h ilu s  pecorum 
HELMINTHS

N o t e s

A noplocephala rh o d e s ie n s is j (Spassky 1951 ) 
P robstm ayria  v iv ip a ra  
S e ta r ia  equina ^

HELMINTHS
Cestode
B e r t i e l l a  s tu d e r i  
Subulura d i s tan s

ARTHROPODS

O e s tr id a e , ? sp . 
P la ty co b b o ld ia  

lo x o d o n tis  ( la r v a e ) 
Phar yngo bo I w  

a f r ic a n u s  ( la rV o e)
HELMINTHS
Mammomonogamus 

lo x o d o n tis  
M urshidia sp .
& K. l in s to v i  
T oxasParis 

e le p h a n tis  
L o x o d o n to fila ria  sp . 
Q uilon ia sp .

(? a f r i c a n a )
Q. a p ie n s is  
Or ammo c ephalus 
a l a th r a tu s  

U n id e n tif ie d  sp .

in  in t e s t i n e

e a r  (A u s te n  1936) 
i n  b u c o a l  c a v i t y ,  
o e so p h ag u s ,s to m ac h  
t h r o a t  (Zumpt 1 9 6 5 )

i n  lu n g s  and 
t r a c h e a

i n  s tom ach  c o n te n t s  
i n  f a s c i a  o f  a o r t a  
and l im b  m usc le  
a o r t a  (B ergh e  1939)

caecum
stom ach
l i v e r ,  b i l e  d u c t s  

(W esthuysen  1938) 
l a r g e  c y s t s , ( k i d n e y ,  
m u s c le s ) I  s m a l l  
c y s t s  ( e n d o c a r d . , 
l e f t  v e n t r i c l e )
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LIST OP PARASITES • TA fiue  S(c*̂ t)

B I R D S

H o s t P a r a s i t e s  
E c t o -  Endo-

N o t e s

GRUIFORMES

B u s ta r d ,
K o r i

(1 m,  4 f )

----- HELMINTHS

H a i l l i e t i n a  s p . i n  i n t e s t i n e -

STHOTHIONI-
FORMES

O s t r i c h  
(Im , 1 f )

-----  HELMINTHS

A s c a r i d i a
s t r u t h i o n i s i n  i n t e s t i n e
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PLATE IV

( a )  E laeophora p o e l i  in  a n te r io r

p a r t o f  a o r ta  (p o r t io n  I )  o f  b u f fa lo

(b )  E;̂  p o e l i  i n  a o r t io  arch o f  b u f f a lo .

■ ■
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P L A T E  I V
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PU TE

( a )  TS a o r t a  ( p o r t i o n  l )  o f  b u f f a l o ,  show ing 

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

i n t e r n a l  t h i c k e n i n g  and d e g e n e r a t io n  o f  

t h e  e l a s t i c a  o f  b o th  i n t im a  and media 

" a s s o c i a t e d  w i th  t h e  a c t i v i t y  o f  

" O nchocerca  a r m i l l a t a  (Sudan IV and 

haemalum, z  $ 0 ) .

( b )  As aboveI x  ICO.

# # & ( c )  O nchocerca  a r m i l l a t a t m i c r o f i l a r i a e  i n

th e  a o r t i c  f a s c i a  o f  a  b u f f a l o

(Haemalum, x .lO O ). ?
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PLATE V



.1-̂  . 7^' 1 ;j.

-

PLATE VI

f f M

(a )  Onchocerca a r m i l la ta i a d u l t  worms seen
-  , in  s e c t io n  in  s i t u  in  th e  a o r ta  o f a>1 ■ > ■ — "

b u f fa lo . (V erhoeff and Van Gieaon e ta in ,  

I  50).

1

(h ) As above# p o r tio n  ( i )  x 100.

(c )  As above# p o r tio n  ( i i )  x 100.

‘•-l-B.- - '-I • A i
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PLATE VI
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PIATE VII V i

.4?;
.T. . '■'•

m m

(a )  TS b u ffa lo  aorta#  fo c a l d eg en era tio n  

o f the  media a s so c ia te d  w ith  th e
S:

a c t iv i t y  of Onchocerca a rm il la ta  

(V erhoeff and Van Gieson s t a in ,  % 100)

(b ) As above# showing m in e ra lis a tio n  of

p a r t  of th e  m edial e l a s t i c a I I » ' * * )  

(V erhoeff and Van Gieson s t a in ,  z  100)•
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PLATE VII

(A)
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PLATE V III

(a )  Onchocerca a r m i l la ta # TS ^  s i t u  in  
abdominal a o r ta  of b u ffa lo  
(V erhoeff and Van Gieson s t a in ,  x 50)

(b ) P a r a s i t i c  Arthropod (u n id e n ti f ie d  
s p e c if ic a l ly #  Garnham 1967 ) in  b ra in  
t i s s u e  of b u ffa lo  (H. & E ., x 50).

(c )  TS a o r ta  of sp o tted  hyaena, specimen M.82, 
showing a rea s  of d eg en era tio n  of th e  
e l a s t i c a ,  g ra n u la r  t i s s u e ,  and a p r o l i f e r a t io n

, of macrophages. E x tensive i r r e g u la r  
d e p o s its  o f su d an o p h ilic  l ip id  occurred  in  
bo th  th e  in tim a  and media (Haemalum, x 100).
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PLATE VIII
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PU TE IX

(a )  C ystio  l iv e r#  g i r a f f e  M.124

(b ) As above# TS. V erhoeff and Van Gieson

■ . . V'
s t a in ,  z  100 .

• '
(c )  P a r a s i t ic  A rthropod( u n id e n tif ie d

s p e c if ic a lly #  C larkson I 9 6 6 ) in  adrenal 

gland of g i r a f f e ,  specimen M.5 4  

(H. & É ., % 100).

/':4-
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BLOOD SERUM ANALYSIS

The c o l l e c t i o n  and a n a ly s is  o f b lood serum vas 

con sid ered  to  be an e s s e n t ia l  adjunct o f  s tu d ie s  on 

a r t e r ia l  d i s e a s e .  E le c tr o p h o r e t ic  and r o u tin e  c l i n i 

c a l  a n a ly se s  had been c a rr ie d  out by D r.W .G .D angerfield  

a t th e  Kortb K id d le se i H o sp ita l, London, on serum 

sam ples c o l le c t e d  from autop sy  ca ses  from a la r g e  

number o f s p e c ie s  o f  e x o t ic  mammals, b ird s and r e p t i l e s  

a t  the P athology  Department o f  the Z o o lo g ic a l S o c ie ty  

o f London,  ̂ Xt was hoped th a t a comparison could  

be drawn betw een th e  r e s u l t s  o f th e se  a n a ly ses  and 

th o se  o f  f r e e - l i v i n g  w ild  mammals and b ir d s .

Blood serum was th e r e fo r e  c o l le c t e d  from as many 

specim ens as p o s s ib le  du rin g  th e  p r e sen t p r o je c t .  

U n fo r tu n a te ly , th e  c o l l e c t io n  o f h ig h -q u a lity  

sam ples was n o t alw ays s u c c e s s f u l ,  and, in  a d d it io n ,  

one batch o f  good sam ples c o l le c t e d  in  Uganda was 

e n t ir e ly  s p o i l t  due to  a f a i lu r e  in  r e f r ig e r a t io n  

a t  th e  s to r a g e  c en tre  in  F ort P o r ta l , Uganda, where 

i t  was tem p orar ily  d e p o s ite d  fo r  s a fe  k eep in g . 

N e v e r th e le s s , 62 s u c c e s s fu l  sam ples a lto g e th e r  were 

c o l l e c t e d ,  r e p r e se n t in g  27 s p e c ie s .
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Recommended techn iqu e

I t  had been decid ed  a t  th e  o u t s e t  o f  th e  p r o je c t

th a t  serum, in  p re feren ce  to  plasma or whole b lo o d ,

Would be c o l le c t e d  in  order to  meet th e  requirem ents

o f  th e  b io ch em ists  who were o r ig in a l ly  exp ected  to

carry  out the a n a ly s e s .

The fo llo w in g  tech n iq u e was o u t lin e d  and

dem onstrated by Dr. L.G. Goodwin, D ir ec to r  o f  th e

N u ff ie ld  I n s t i t u t e  o f  Comparative M edicine, and

Dr. W.G. D a n g erfie ld  o f  th e  North M iddlesex H o sp ita l,

and i t s  a p p lic a t io n  was proposed f o r  u se  in  th e

f i e l d ;  b lood to  be withdrawn from th e  h e a r t ,

ju gu lar  v e in ,  or fem oral a r te ry  by means o f

e ith e r  a d isp o sa b le  s t e r i s e a l  sy r in g e  f i t t e d

w ith  a b lood n e e d le , or a vacuum v e n u le ,

im m ediately a f t e r  d eath ; serum to  be sep ara ted
«

in  a d u a l-sp eed  hand-operated c e n tr ifu g e , and 

drawn o f f  in to  s t e r i l e  specim en tub es c o n ta in in g  

Sodium a s id e ;  th e se  to  be fr o z e n  down w ith  "dry 

ice*  and tran sp orted  fro z en  to  th e  U nited Kingdom.

The equipment req u ired  for t h i s  procedure was 

flow n  ready-prepared to  E ast A fr ic a . A p o r ta b le .
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m a i n s / b a t t e r y  v e h i c l e  r e f r i g e r a t o r  o f  ^  c u . f t  c a p a c i ty  

was a l s o  o b t a i n e d ,  and s i p h o n - f i t t e d  c y l i n d e r s ,  each 

c o n ta in i n g  24 l b  p r e s s u r i s e d  Carbon d io x id e  and 

w e ig h in g  a t o t a l  o f  I 50 l b ,  t o g e t h e r  w i th  a sm a ll  

d e ta c h a b le  ’ ca rb o n e ig e *  m achine , were eb-t e i n ed l o c a l l y  

i n  N a i r o b i ,  Kenya. T hese  c y l i n d e r s  were n o t  a t  t h e  

t im e  a v a i l a b l e  anywhere e l s e  i n  Kenya o r  Uganda and , 

due to  t r a n s p o r t  d e l a y s ^ t o g e t h e r  w i th  t h e i r  g r e a t  b u lk  

and w e ig h t ,  were a lw ays d i f f i c u l t  t o  h a n d le  and r e p le n k h .  

In  t h e  l a t t e r  p a r t  o f  th e  e x p e d i t i o n ,  when f i e l d  work 

was c e n t r e d  i n  Kenya, i t  was p o s s i b l e  to  r e p l a c e  them 

by much s m a l l e r ,  and more c o n v e n ie n t ,  s p e c i a l l y  ad ap ted  

c y l i n d e r s  c o n ta in i n g  o n ly  7 l b  and 10 l b  gas e ac h .

D uring  th e  p r e p a r a t o r y  week o f  c o l l e c t i n g ( s e e  p ,2^  ) 

each  o f  t h e  f o u r  t e s t  mammals was k i l l e d  by means 

o f  a  s o f t - n o s e d  r i f l e  b u l l e t  p e n e t r a t i n g  th e  b lo o d -  

v a s c u l a r  sy s te m . The t e s t  b i r d s  were k i l l e d  e i t h e r  

w i th  a  .22  r i f l e  b u l l e t  o r  No.4 ,  AAA, or5SG 1 2 -b o re  

s h o t .

D e ta ils  o f  th e se  are as fo l lo w s x -
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Specimen 

M.l Im pala, m

M.2 G azelle ,
G ra n t 's ,  m.

M.3 H a rteb e es t, 
C oke 's , m.

M.4 Zebra,
B u rc h e l l 's ,  m*

B .l P e lic a n , 
w h ite , f .

Type of b u l le t  P o s itio n  of sh o t

•375 magnum through l e f t  f la n k  
so ft-n o se d  to  in f e r io r  vena 

cava

— do —

— do —

— do -

12-bore 
AAA sh o t

B*2 Cormorant, 12-bore
l o n g - t a i l e d , f .  No.4 sh o t

B.3 Heron,
p u rp le , m,

B.4 Cormorant,
lo n g -ta ile d ,m ,

B.5 D a rte r ,

B.6 Buzzard, 
Augur

B.7 E agle,
tawny, f .

caught under
w ater in  
f is h in g  n e t

12-bore
SGG sh o t

.22 b u l l e t

through r ig h t  base 
of neck to  c a ro tid s

through c h e s t, an
t e r i o r ,  to  h e a r t

through l e f t  f la n k  
to  in f e r io r  vena 
cava

head and neck

neck and abdomen 

- d o  -  neck and head

- d o  -  hesul and abdomen

head

f ro n ta le

In  eaoh of th e se  specimens serum c o l le c t io n  was 

a f a i l u r e  e i th e r  because c lo t t in g  occurred ra p id ly  

w ith in  th e  blood v e s s e ls ,  o r because , on w ithdrawal
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o f  th e  b lo o d ,  h a e m o ly s is  was found to  have o c c u r re d
c«ll

a l r e a d y ,  and serum  f a i l e d  to  s e p a r a t e  e i t h e r  by/^sedi

m e n ta t io n  o r  c e n t r i f u g a l  r o t a t i o n .  In  specim ens 

M.l -  K.4 a  t r a u m a t i c  w r in k l in g  o f  th e  a o r t a  o c c u r r e d ,  

r e s e m b l in g  t h a t  o f  a fe m a le  d i k - d i k ,  c o l l e c t e d  i n  A f r i c a ,  

and examined and i l l u s t r a t e d  by P in la y s o n  (1965>

P l a ”te X X III ) .  The e x p la n a t io n  o f  th e  p u b l is h e d  

i l l u s t r a t i o n  s t a t e s :  " D ik -d ik :  f r e e - l i v i n g .  Segment 

o f  d e s c e n d in g  t h o r a c i c  a o r t a  to  show th e  norm al g r a n u l a r  

a p p e a ra n c e  o f  th e  f i x e d  i n t i m a i  s u r f a c e . "  My 

o b s e r v a t i o n  i s  t h a t  t h i s  k in d  o f  " g r a n u l a r  a p p e a r 

a n ce "  i s  n e i t h e r  n o rm al ,  n o r  i s  i t  an a r t i f a c t  due 

t o  f i x a t i o n ,  b u t  a  t r a u m a t i c  r e a c t i o n  o f  th e  e l a s t i c  

b lo o d  v e s s e l s ,  and e s p e c i a l l y  th e  a o r t a ,  when an 

a n im a l  i s  k i l l e d  by th e  im pact o f  a  l a r g e  o b j e c t  

which p e n e t r a t e s  and l a c e r a t e s  th e  l a r g e  b lood v e s s e l s  

and d oes  n o t  k i l l  i n s t a n t a n e o u s l y ,  e . g .  a s  by a s o f t -  

n o se d ,  exp an d in g  b u l l e t ,  a  s p e a r ,  a rrow  o r  k n i f e .

I t  i s  to  be  d i s t i n g u i s h e d  from  th e  in t im a i»  w r in k l in g  

i n  t h e  a o r t a  found  i n  c e r t a i n  h e a l th y ,  e l d e r l y  mammals 

( e . g .  t h e  A f r i c a n  e l e p h a n t ) .

I  have n o t  o b se rv ed  any s i m i l a r  e f f e c t s  when
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u s i n g  a  s o l i d  b u l l e t ,  f i r e d  i n t o  any p a r t  o f  th e  

c e n t r a l  n e rv o u s  sy s tem  where d e a th  was i n s t a n t a n e o u s ;  

o r  i n  spec im ens  k i l l e d  by means o f  t r a n q u i l l i s e r  t e c h 

n iq u e s .  In  a l l  spec im ens c o l l e c t e d  l a t e r  i n  th e  

p r e s e n t  p r o j e c t  where s p e c i a l  c i r c u m s ta n c e s  ( su c h  a s  

t h e  need f o r  an  emergency s h o t )  r e q u i r e d  th e  u se  o f  a  

s o f t - n o s e d  b u l l e t  ( e . g .  l i o n  M .I3 6 ) ,  th e  same t r a u m a t i c  

w r in k l in g  o f  t h e  a o r t a  o c c u r r e d ,  and th e  c o l l e c t i o n  

o f  serum was a  f a i l u r e .

In  c o n t r a s t ,  spec im ens K.5 -  M.IO (w a r th o g )  were 

a l l  k i l l e d  by th e  P a rk  Warden i n  th e  Queen E l i z a b e th  

N a t io n a l  P a rk  c ro p p in g  scheme by means o f  a s o l i d  r i f l e  

b u l l e t  i n  t h e  b r a n .  Blood was s u c c e s s f u l l y  w ithdraw n 

from  th e  h e a r t  by means o f  th e  s t e r i s e a l  hypoderm ic 

s y r i n g e s  b ro u g h t  f o r  th e  p u rp o se ,  b u t  th e  vacuum v e n u le s  

were a  f a i l u r e ,  due to  t h e  f a c t  t h a t  th e  vacuum had been 

l o s t  d u r in g  t h e i r  t r a n s p o r t a t i o n  by a i r  to  E a s t  A f r i c a .  

The serum was s u c c e s s f u l l y  s e p a r a te d  by means o f  an 

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

o f  th e  N u f f i e ld  U n it  o f  T r o p ic a l  Animal E co logy , Mweya, 

Uganda.
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Çl: / soon apparen t th a t  the  kind of b u l le t  used 

and i t s  p o s i t io n  of impact and p e n e tra tio n  were im port

a n t .  In the  nex t s e r i e s ,  M .ll -  M.47, th e re fo re , 

f u r th e r  experim en ta tion  w ith  each s tag e  of th e  techn ique 

was c a rr ie d  o u t, suid a procedure was developed which 

was e f f e c t iv e  w ith in  th e  l im ita t io n s  of th e  a v a ila b le  

c o l le c t in g  and f re e z in g  equipment. The s im p lif ie d  

techn ique  o b v ia ted  the need fo r  t r a n s p o r ta t io n  to  the  

ca rc ass  of bo th  th e  bulky cy lin d e rs  and the v e h ic le  

r e f r ig e ra to r^ a n d  allow ed f o r  lo c a l v a r ia t io n s  in  

a c c e s s ib i l i ty  of r e l i a b l e ,  tem porary s to ra g e  f a c i l i 

t i e s  f o r  th e  fro zen  m a te r ia l .

Serum c o l le c t io n  was no t attem pted in  cases 

where th e  specimen was c o lle c te d  a f t e r  a c c id e n ta l 

d ea th  on th e  roads ( e .g .  M.20 c iv e t;  M.68 genet;

M.I48 s t r ip e d  hyena; M.I51 aardw olf; M.147 l io n ) ;  

where blood c o l le c t io n  could no t be completed w ith in  

15 m inutes o f ,d e a th  ( e .g .  e lephan ts Ü.89, M.132-135, 

M.9 9 ) o r where any la c e r a t io n  of th e  la rg e  blood 

v e s s e ls  had occurred  due to  the  type of b u l le t  

used (M .138flion ; M.144 O alago).
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M o d if ied  t e c h n iq u e

The p r o c e d u r e , f i n a l l y  a d q ted  i n  a l l  o a se s  where 

c o n d i t i o n s  p e r m i t t e d  serum  c o l l e c t i o n ,  was as  f o l l o w s s -  

i )  A l l  serum  a p p a r a tu s  was s t e r i l i s e d  a t  b a s e ,  

p r i o r  to  eaoh s a f a r i , a n d  s e a l e d  i n  i n d i v i d u a l  

p o ly th e n e  b a g s ,  which cou ld  be s l i t  open a t  

t h e  c a r c a s s ,  

i i )  K i l l i n g : -

a )  f o r  e l e p h a n t s : an  a n g le d ,  s o l i d  r i f l e
train Via.

b u l l e t  ( c a l . . 3 7 5  o r  .4 5 0 )  was u se d ,  p e n e t r a t i n g ^  

th e  te m p o ra l  f o s s a ,  th e  o r b i t a l  c a v i t y ,  o r  th e  

e x t e r n a l  a c o u s t i c  m eatus;

b )  f o r  b u f f a l o ,  g i r a f f e  and o s t r i c h t an 

a n g le d ,  s o l i d  r i f l e  b u l l e t  ( c a l .  .3 7 5 )  was 

u s e d ,  p e n e t r a t i n g  l a t e r a l l y  th ro u g h  th e  wtftiers 

t o  th e  s p i n a l  c o rd ;

c )  f o r  o t h e r ,  s o f t - s k i n n e d  mammals and b i r d s :
o r  sfh el '2 % )

an a n g le d ,  s o l i d  r i f l e  b u l l e t  ( c a l .  . 3 7 5 ^  was 

u s e d ,  p e n e t r a t i n g  th e  b r a i n ;  and

. d ) f o r  sm a l l  mammals ( d i k - d i k ,  g a la g o  e t c )  and 

b i r d s : 3SG, AAA, o r  No. 4 s h o t , i n  th e  head was

us  ed .

i i i )  Blood was a l lo w e d  to  s p u r t  d i r e c t  from an

i n c i s i o n  i n  th e  exposed j u g u l a r  o r  fe m o ra l  v e in s
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in to  10 ml po ly thene  specimen b o t t le s  

( s h o u ld e r le s s , w ith  hinged l i d ) ,  or was 

L ‘ can u la ted  in to  th e  b o t t le s  through f le x ib le

^Ï . po ly thene  tu b in g . S te r is e a l  sy rin g es  were

%  ̂ " used in  th e  case of sm all mammals.

The b lo o d  b o t t l e s  were th e n  p la c e d  

i n  t h e  c o o l e s t  and most s e c u r e  p la c e  a v a i l -

a b l e .  T h is  was u s u a l l y  among g r a s s  o r

im' h e rb s  n e a r  t h e  t r u n k  o f  a shady  bush o r  t r e e ,

r a t h e r  th a n  i n  th e  v e h i c l e s  where a g i t a t i o n  

and d i s t u r b a n c e  o f  t h e  b lo o d  m ight o c c u r .

When adequate serum had se p a ra te d , i t  

was drawn o ff  in to  s t e r i l e  p o ly s ty ren e  

specim en tubes (c o n ta in in g  no Sodium az id e  

or o th e r  p re s e rv a tiv e )  and p laced  im m ediately 

in to  th e  ce n tre  compartment of a 3 - t i e r  f la s k ,  

oonM ning ic e  b locks ^brought from the base camp, 

in  i t s  upper and lower compartments. The 

se p a ra te d  serum of c e r ta in  la rg e  mammals 

( e .g .  zeb ra , g i r a f f e ,  e lep h an t)  was found to  

c l o t ,  and i t  was necessary  to  keep a co n s tan t

check on the p ro g ress  of s e p a ra tio n , so th a t
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th e  serum could  .he drawn o f f  p r io r  to  c lo t t in g ,  

V' s ' ;  F a ilu r e s  in  th e  c o l l e c t io n  o f serum in

th e  t r o p ic s  may occur a t  any o f  a number o f  p o in ts  in  

th e  p roced u re, and fo r  t h i s  reason  s e v e r a l a ttem p ts  

to  c o l l e c t  serum sam ples were u n s u c c e s s fu l. The 

sam ples c o l l e c t e d  and fr o z e n  s u c c e s s f u l ly ,  and sub

se q u e n tly  d isp a tch ed  to  v a r io u s  la b o r a to r ie s ,  and 

d e t a i l s  o f  th e  a n a ly s ts*  f in d in g s  are in d ic a te d  - 

in  T able 6  j>|i 1351. '

In  one c a s e  where an a p p a r e n t l y  u n u su a l  o r d e r  

o f  r e s u l t  ocoure& ^the  a n a l y s i s  o f  serum from a 

com parab le  s p e c i e s  o f  c a p t iv e  an im al has a l s o  been  

in c lu d e d  ( t . e .  u r e a  m . /E q . l  i n  j a c k a l ) .

S in c e  none o f  th e  w i ld  a n im a ls  u sed  i n  t h e  

p r e s e n t  s tu d y  was examined a l i v e ,  u s in g  d a r t  t r a n 

q u i l l i s a t i o n  t e c h n iq u e s ,  and f a c i l i t i e s  i n  th e  

f i e l d  were in a d e q u a te  e i t h e r  f o r  th e  p r e s e r v a t i o n  

o f  whole b lo o d  o r  f o r  th e  pe rfo rm an ce  o f  c l i n i c a l  

p r o c e d u r e s ,  no b lo o d  c o u n ts ,  haem oglobin  t e s t s  e t c .  

w ere  d o n e . D a ta  from f o u r  c a p t iv e  e le p h a n ts  have 

t h e r e f o r e  been  appended a s  h a v in g  r e l e v a n c e  to  th e  

f i e l d  d a t a  o b ta in e d  f o r  serum .
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A n a ly ses

A n a ly ses  a l r e a d y  pe rfo rm ed  on th e  serum sam ples 

a r e  a s  f o l l o w s 2-

a )  E l e c t r o p h o r e t i c  a n a l y s e s  on serum  c h o l e s t e r o l  

and l i p i d  f r a c t i o n s t Dr. W.G. D a n g e r f i e ld ,

N o rth  M id d lesex  H o s p i t a l ,  London,

h )  S ta n d a rd  c l i n i c a l  a u t o a n a l y s i s  o f  serum o o n t e n t s : 

Dr, I .D .P *  W ootton, P o s tg r a d u a te  M edical School 

o f  London,London, W.12.^Wot>ttcm 1%^)

c )  S ta n d a rd  c l i n i c a l  a n a l y s i s  o f  serum o o n t e n t s ;

Mrs. Von Y ignau , by c o u r te s y  o f  Dr. A.M. H a r th o o rn ,

P h y s io lo g y  D ep artm en t,  P r e - c l i n i c a l  V e te r in a r y  

S c h o o l ,  Chircm o, N a i r o b i ,  K e n y a 1464-^

d )  D e ta i l e d  a n a l y s i s  o f  a m in o -ao id s  i n  e le p h a n t  

s e ru m ; Dr. M.A. Craw ford  and Mr. J .  P a t e r s o n ,
t

D epartm ent o f  B io c h e in is t ry ,  N u f f i e ld  I n s t i t u t e  

o f  C o m para tiv e  M ed ic in e , The Z o o lo g ic a l  S o c ie ty  

o f  London, Londoni((W|?er

e ) D e t a i l e d  a n a l y s i s  o f  l i p i d s  i n  e le p h a n t  se ru m ;

Dr. J .H .  Moore, The N a t io n a l  I n s t i t u t e  f o r  R esearch

i n  D a i r y in g ,  S h i n f i e l d ,  R e a d in g .*  An a n a l y s i s  o f  

th e  l i p i d s  i n  th e  a d re n a l  g la n d  o f  one A f r i c a n  

e le p h a n t  was a l s o  perfo rm ed  by Dr. Moore, f o r

♦ P r e s e n t  a d d r e s s ;  The Hannah D airy  R esearch  I n s t i t u t e ,
Ayr, S c o t la n d .
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com p ariso n  w i th  t h e  serum  l i p i d s ( Moore & S ik e s ,

1 9 6 6 ) .

f ) C l i n i c a l  e x a m in a t io n  o f  h lo o d  c o l l e c t e d  from 

l i v i n g ,  c a p t i v e  e l e p h a n t s ;

i )  c o l l e c t e d  hy t h e  a u th o r  from  " S h e i l a " ,  I n d ia n  

e l e p h a n t ,  B elvue Z o o lo g ic a l  G arden , B e l f a s t ,

by c o u r te sy  o f  th e  D ir ec to r ;
-eJejo •

i i )  c o l l e c t e d  f r o i^ tw o  A f r ic a n  and one In d ia n )

e le p h a n t s- a t  t h e  G ardens o f  t h e  Z o o lo g ic a l

S o c i e t y ,  London; Miss S« Hook, N u f f i e ld

I n s t i t u t e  o f  C om para tive  M ed ic ine , The Z o o lo g ic a l

S o c ie ty  o f  London.

( " S h e i l a " ,  f . , 2 0  y r s .  o ld ;  " D ik s ie ,  f .  A f r i c a n ,

27 y r s .  o ld ;  " T o to " ,  f .  A f r i c a n ,  5 y r s .  o ld ;

"Laksm i" f .  In d ian , 12^ y r s .  o l d ) .

In  e v e ry  c a s e ,  th e  w orke rs  conce rned  e x p re ss e d  

s a t i s f a c t i o n  w i th  th e  q u a l i t y  o f  t h e  serum d e l i v e r e d  

to  them , a l th o u g h  i n  some o a ses  t h e  q u a n t i t y  was in a d e 

q u a te  f o r  th e  com ple te  r a n g e  o f  a n a ly s e s  t o  be p e rfo rm ed .

I t  i s  n o t  a p p r o p r i a t e  f o r  th e  a u th o r  to  d i s c u s s  

e i t h e r  th e  t e c h n iq u e s  used  a t  th e  d i f f e r e n t  l a b o r a t o r i e s ,

n o r  to  d i s c u s s  t h e  f i n d i n g s  i n  any d e t a i l ,  o t h e r  th a n
urea

j u s t  to  n o t e  th e  h ig h  serum ^^levels i n  a r i d - a d a p t e d



a r t i o d a c t y l e s  ( e l a n d ,  o ry x ,  g e re n u k  and s t e in b o k )  and 

s c a v e n g e r s  (h y en a  and j a c k a l ) .

The a n a l y s i s  o f  e s s e n t i a l  and n o n - e s s e n t i a l  am ino- 

a c i d s  i n  e l e p h a n t  serum by Dr. M.A. Crawford and 

Mr. J .  P a t e r s o n ,  a l th o u g h  a s  y e t  com pleted  f o r  o n ly  

s i x  o f  th e  a v a i l a b l e  serum  sam ples from th e  A f r ic a n  

e l e p h a n t s  c o l l e c t e d  i n  t h i s  p r o j e c t ,  has  i n d i c a t e d  t h a t  

t h e  e s s e n t i a l  a m in o -a o id s  p ro b a b ly  o f  p r im a ry  im p o r t 

an ce  i n  t h i s  s p e c i e s  a r e * -

T ry p to p h a n  

P h e n y la la n in e  

l y s i n e  

- T h re o n in e

In d ivV a l in e  
M e th io n in e  "

L euc ine  =

I s o l e u c i a e .  g

E s s e n t i a l  a m i ^ - a o i d s  p ro b a b ly  o f  se c o n d a ry

im p o r ta n c e  may be%-

A r g in in e

H i s t i d i n e

C y s t in e .

/
On m ost o f  t h e  T ech n icon  a u to -a m in o -a c id

<xr
a n a l y s e r  t r a c i n g s  u n i d e n t i f i e d  p eaks  o c c u r re d
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b e f o r e  t h e  A s p a r t i o  Acid p e ak  i n  f e m a le s ,  and f i v e  i n  m a le s ,  

and a n o th e r  a f t e r  A la n in e  i n  b o th  s e x e s .  No P r o l i n e  was found 

i n  t h e  sam p les  examined from  t h r e e  A f r i c a n  cow e l e p h a n t s ,  b u t  

i t  was p r e s e n t  i n  t h a t  o f  t h e  A s i a t i c  cow e le p h a n t  " S h e i l a " .

S in c e  i t  i s  n o t  y e t  c l e a r  as to  e x a c t l y  which o f  th e  

a m in o -a o id s  a r e  t r u l y  " e s s e n t i a l *  t o  th e  norm al n u t r i t i o n a l  

r e q u i r e m e n ts  o f  t h e  A f r i c a n  e l e p h a n t ,  i t  i s  n o t  c o n s id e re d  

p o s s i b l e  a t  p r e s e n t  to  a t t e m p t  any i n t e r p r e t a t i o n  o f  th e  

r a t i o n s  o f  e s s e n t i a l  t o  n o n - e s s e n t i a l  a m in o -ao id s  ( s e e  

T a b le  7)o I t  seems p o s s i b l e  t h a t  P r o l i n e  and A rg in in e  may 

be e s s e n t i a l  i n  m a le ,  b u t  n o t  i n  fem a le  A f r i c a n  e l e p h a n t s  

(C raw ford  I 9 6 6 ) .  An e s t i m a t i o n  o f  t o t a l  a m in o -a o id s ,  i n  

/u m o le c u le s /m l  o f  serum , do es  however show a  d i r e c t  r e l a t i o n 

s h i p  t o  t h e  n u t r i t i o n a l  s t a t u s  o f  th e  i n d i v i d u a l  an im al as  

o b se rv e d  a l i v e  euid s u b s e q u e n t ly  a t  a u to p s y .

F o r  c o m p a ra t iv e  p u r p o s e s ,  an e s t im a t i o n  o f  th e  a m in o -a c id

c o n te n t  o f  t h e  b lood  serum  o f  " S h e i l a " ,  t h e  In d ia n  e le p h a n t

d e s t r o y e d  i n  F e b ru a ry  I 966  a t  t h e  B elvue  Z o o lo g ic a l  G ardens ,

B e l f a s t ,  was a l s o  p e rfo rm e d ,  and i t  i s  a p p a r e n t  t h a t ,  a l th o u g h

th e  r a t i o  o f  sup posed  e s s e n t i a l  t o  n o n - e s s e n t i a l  a m in o -ao id s

i n d i c a t e d  a  b a la n c e d  d i e t a r y  i n t a k e ,  t h e  t o t a l  serum am ino-

a o id s  i n  fx m o le c u le s /m l  were e x tre m e ly  low , a f i n d i n g  c o n s i t a n t

w i th  o t h e r
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c o n c lu s io n s  drawn a t  a u to p s y  on t h e  n u t r i t i o n a l  s t a t u s  

o f  t h i s  e l e p h a n t  (A ppendix  3 ) .

In  t h e  c a s e  o f  t h e  v e ry  e l d e r l y  cow, specim en No.107# 

a l l  t h e  a m in o -a c id s  r e p r e s e n t e d  were p r e s e n t  i n  u n u s u a l 

l y  low c o n c e n t r a t i o n s ,  a f i n d i n g  c o n s i s t e n t  w i th  th o s e  

on " S h e i l a " .  I t  i s  o f  n o t e  h e re  t h a t  b o th  " S h e i l a "  and 

spec im en  No.107 w ere s u f f e r i n g  from s t a r v a t i o n  r a t h e r  

t h a n  m a l n u t r i t i o n ,  due to  f a i l u r e  t o  m a s t i c a t e  fo d d e r  

a d e q u a te ly .  In  " S h e i l a ’ s "  c a se  t h i s  was due to  mal

o c c l u s i o n  r e s u l t i n g  from  a  m olar tum our; i n  t h e  c a se  

o f  M.107  i t  was due to  t h e  c o m p le t io n ,  i n  ex trem e o ld  

a g e ,  o f  t h e  norm al c o u rs e  o f  m olar  e r u p t i o n ,  r e s o r p t i o n  

and f r a g m e n ta t i o n ,  so  t h a t  t h e  re m a in in g  m olar  s u r -  

f a c e s  were i n a d e q u a te  fo r^ ^ m a s t ic a t io n ,  and th e  q u a n t i t y  

o f  food  a c t u a l l y  sw allow ed i n  a  d i g e s t i b l e  s t a t e  was 

s e v e r e l y  l i m i t e d .

The p a r t i c u l a r l y  i n t e r e s t i n g  f i n d i n g  by 

D r. J .H .  Moore o f  a p p r e c i a b l e  c o n c e n t r a t i o n s  o f  

^  a c i d  i n  th e  serum c h o l e s t e r o l

e s t e r s  and p h o s p h o l ip id  f r a c t i o n s  o f  A f r ic a n  e le p h a n t  

serum  and a d r e n a l  g la n d j  i s  f u l l y  d i s c u s s e d  i n  th e  j o i n t  

p a p e r ,  now i n  p r e s s ,  o f  which th e  ms i s  appended 

(A ppendix  ^  ) .
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I t  i s  in ten d ed  th a t  in  due cou rse  th e  rem aining
i

sam ples o f  e le p h a n t serum a v a i la b le  in  t h i s  c o l l e c t io n  

sh ou ld  a ls o  be f u l l y  in v e s t ig a t e d ,  w ith  th e  o b je c t  o f  

se a r c h in g  fo r  any in d ic a t io n s  o f  a r e la t io n s h ip  to  

h a b ita t  ty p e  and n a tu r a l ly  a v a i la b le  n u t r ie n t s .

Arrangem ents are a lre a d y  in  hand ( s e e  c h .4 ;P#8 7 ) 

a ls o  to  t e s t  a l l  serum sam ples s t i l l  a v a i la b le  fo r
X

L ep tosp ira  a n t ib o d ie s .

These t e s t s  are b e in g  undertaken by D r .O .I . Twigg 

o f  Royal H olloway C o lle g e , U n iv e r s ity  o f  London, whose 

a s s is t a n c e  and in t e r e s t  i s  g r e a t ly  a p p re c ia te d .

/R e fe re n c e s
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Key to  S e ru a  I t t f ^ y a i s  T a b le s

a l l  O rd e rs  e x c e p t  P ro b e s c id e a

P ro b e s o ld e a  o n ly

1 )  Age g ro u p s

J u v e n i l e  ) 
M ature )
Old )

C a lf
J u v e n i l e  
S u b - a d u l t  
Prim e a d u l t  
S e n io r  a d u l t  
S e n i l e

i i ) H a b i t a t  ty p e

G -  Uganda g r a s s l a n d . Queen E l i z a b e th
N a t io n a l  P a rk  and e n v i ro n s ;  S e m lik i  P l a i n s ,  
M urchison  F a l l s  N a t io n a l  P a rk  and e n v i r o n s .

S -  S c r u b la n d ,  low (u n d e r  5 ,0 0 0  f t  a l t i t u d e )  
Kenya

HS -  S c r u b la n d ,  h ig h  (above  5 ,0 0 0  f t  a l t i t u d e )  
Kenya

M — Montane -  f o r e s t e d  (above  5#000 f t  a l t i -  
t u d e ) Ruwenzori M oun ta in s , Uganda;
K inangop , Satixna, Kenya, K i l im a n ja ro  
M o u n ta in s ,  Kenya.

G/M -  G r a s s la n d ,  m o n tane . T r a n s i t i o n a l , Uganda

i i i ) Serum a n a ly se s

Groups ( a )  t o  (2.) -  s e e  p p .  0 4 -135 "

I v ) C a p t iv e  Zoo a n im a l s .  .



A nalyeee# Group ( a )

Oai)£S AAD SF£C1£S S p e c . Hof .Age
Grp* c L : A n a ly s is  ; 

c o m p le t»

M o t e s

T

[ P I  D

dC p

j CHOLES 
T

ITEBOL

Ot P

1 C h o le s te r o l  

1 mg/1 0 0  ml
Ha

m.Eq/1

K

m.Eq/1

01.
m.Eq/1

Urea
mg/lOOml.

Ca
m.Eq/1

Mg
m.Bq/1

P04

m ,3 q /l
P r o te in  
g/1 0 0  ml

A ik ,
Phosph,

SOOT 1

SP

»PT

SP

A/G

ARTIOBAeTTIA

B u f f a lo y Gape 30 mat* 1 Q ( t ) T u h e rc u lo e is
I ^ « 10 1 .5 4 .9 8

31 mat*: ( t ) T u h e rc u lo s is
25 > 160 7 > 122 < 10 4 .5

4 .6

1 .7
2 .8

3 .9 11 .2 5
94 ELaeophora 270 90 150 60 30 8 .6p o e l i  in  a o r ta < 10 2 .9 7

- d o - 97 - U ) . ( b )  ; E t p o e l i  in 520 140 390 31 8 25 100 141 56
99 a 4 .7 3 .4 , 3 .0 10 12 - - _

la an d 64 - + ( c ) - 25 161 6 .6 111 40 10 .5 2 .6 10 .2 7 .8 5 0 .1 137 10 0 .6
-  do - - 106 m at. - - - - - - - - - - - _ _ - - - - - - -

G aselloy
Thomson's - 104 m at. +

G erenuk 53 - m at. + (o ) -
G ir a f f e ,  M asai - 54 m at. + (b ) l a c t a t i n g 20 115 4 .2 > 1 2 2 < 10 7 .0 2 .2 2 .6 13 .0 15 0 .1 74 15 0 .5
-  do - - 124 + - p r e g . f u l l - t e r m - - - - - - - - - _ - - - - - - - - - -

-  do  - 126 - + - - - - - - - - - - - - - - - - - - - - - -

H arteheea-t,
J a c k s o n 's _ 37 m at. ( b ) l a c t a t i n g 180 60 110 55 31 24 70 >160 > 7 > 1 2 2 < 10 3 .4 1 .3 3 .2 7 .1 8 - - - -

Hippo - 26 m at. G + (b ) - 100 90 13 9 2 20 > l6 o > 7 > 1 3 8 < 1 0 5 .1 2 .7 5 .7 10 .2 5 - - - _
-  do - 27 - m at. 0 1 * ( b ) <10 7 .0 2 .3 5 .7 1 1 .4 - - - -
E l ip s p r in g e r 77 - m at. + -

O ry i ,
( o )

I n s t a t i n g ,
f r i n g e - e a re d - 51 tmat. + p a r a s i t e s • • ■ " - " “ 35 - - - - - - - - -

-  do  - 66 - + ( c ) a o r t i c  p la q u e s - - - - - - 53 - - _ 26 _ - - 6 .1 - - 110 35 -

Keedhuck - 78 + - p re g n a n t
S te in h o k 69 - m at. + - - - - - - - - - - - 128 47 10 - 6 .7 5 .1 LO.6 - 57 .5 37 -

5 - m at. G + (b ) - >160 >  7 >130 <10 4 .9 L5 5 .9 8 .8 5 - - - -

-  do - 6 - m at. G + (b ) - - - - - - - ! >160 > 7 >138 <10 5.9 1 .7 6 .7 7 .7 4 - - - -

-  do -

'

7 a a t . U ) , ( b )

■

ISO 45 90 42 13 27 1 50 - <10 4 .4 1 .2 4 .3 6 .4 4

■



T flSL e lifc im h}

08BE8 AM 3ÏBCISS

K artliog

-  do -

H a l i t .
Typo

( l i ) .

A n a ly o la
wplotod

( l i i ) »
( a ) , ( b )(T)(t)

A n a ly se s!  Group ( a )

CHÛLESTE80L

c< A

A n a ly se s : Group ( I )  and

C h o le s te r o l  

ag /1 0 0  ml .E q / l

>1(0

145 5.fi

m ,E n /l mg/

>138 <10

>138 <10

.E q/1
P?8̂oin 
g /1 0 0  ml

7.6
10.6

JK_i_

CAHh'ITOHA 

P o i ,  h a t -o a r e d  

gyooa, s p o t t e d

Ja c k a l t  common 
( -  do -  ( I t )»  )

(o)
( s ) ,  ( h )

(o)(8)
(»).(8)

( h ) . ( o )

290
70

133139
151

>160
5.0

>7
119

196

>138

hone a h n o M s le

5.4
5.7

6.6

"laAcopu
fioek H yrax

UG0;40SPRA



(o A n aly ses : Group ( a )

m iS SO M C T T U  
th in o e e ru sy  h la e k  

- d o -  f w h ite

(i).
J o l i .  A n a ly s is  

com p leted  
(lii)*

(8)
( a )
( a ) ( 8 ) ( c )

A n a l jc e a t Group (h )  and

mg/100 ml m.Eq/1

8 .0
5 .0

(a)

.E q /1 mg/ .E g /1 .E g /1
PO4

i.Eg/1

T o ta l  
P r o te in  
g /1 0 0  ml

A ik .
Phosph.

B i l i 
ru b in  
mg ^

A/G

< 0 .1

CO.5

ItMATES

ekiqpanzM

PgOBOSOIBEA ( • * • )

■osmiA
Spring  Hare

B u s ta rd , g r e a t e r  

O s tr ic h

S to rk , s a d d l e b i l l

(o)
( a )
( a ) , ( 8 )

(» )  BOO Kay l i s t  
(***) a aa  a e p a ra te  l i s t
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Tf'Si-e. é>
A n a ly se s!  Group ( a ) A naly se# ! Group (b) and (o)

raOBQSCIDEA

Âge
G rp,

JiÏL.

CHOLESTEROL C h o le s te r o l  

Hg./XOO ml -/%/! m ./E q / l mg/ 100 1
Alk.
K.A.

A/G

E le p h an t, A fr ic a n  
savannah

" E le p h a n t ," B ik s ie *  
(A fr ic a ^  ( i v ) *

-  do -  ," T o to ' 
E le p h a n t, "L aksia i” 
( In d ia n )

- d o -  " S h e i la '

( iv ) *

( iv ) *

( iv ) *

ju v e n i le
sub-^ul-
p r * a d u l t  
p r . a d u l t  
p r . a d u l t  
p r . a d u l t  
p r , a d u l t

p r . a d u l t

(Z oo)

(Z oo)

(Z oo)

(*)

b) ^
a , b , e )

l a c t a t i n g  
a o r t i c  C alcium  
s e p t i c  tu s k

l a c t a t i n g ;  6*.

(f)

12 .6
8 .5

1̂:;
2 .9
0 .7
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~ThALe. y.
G R O U P ( d ) ,  A N A L Y S I S  O P  A M I N O -A C I B  C O M P O S IT I O N ,  

E L E P H A N T  SE B U M

A M IN O -A C ID

f u n o l e / m l

C y a t e i o

U r e a
A s p a r t i c  (

T h r e o n i n s  ( e ^ * *

S P E C  I M E H U M B E L
F e m a l e s

114 122

0 .1 9

107

0 .0 4

" S h e i l a "
( i v ) *

0 .06

0 .29

M a l e

152 108

0 .16

0 .3 0

0 .08

0 .11

120

0 .10

0 .1 2

S e r i n e 0 .02 0 .0 7 0 .2 9 0 .40
H o m o s e r i n e
G l u t a m i c 0.10 0 .0 8 0 .03 0 .3 5
P r o l i n e 0.11 0 .2 6

0 .07

0 .49

0 .15

0 .4 5
C i t r u l l i n e
G l y c i n e 0 .2 3 0 .2 6 0 .1 4 0 .16 0 .4 3 0.24 0 .26
A l a n i m e 0 .1 3 0 .21 0 .0 7 0 .1 5 0 .3 0 0 .24 0 .2 7
S N H p B u t y r i o

V a l i n e  ( e ) 0 .1 4 0 .2 5 0 .0 9 0 .1 4 0+27 0 .1 7 0 .17
C y s t i n e

M e t h i o n i n e  ( e )

I s o l e u c i n e  ( e ) 0 .0 8 0 .06 0*07 0 .0 6 0 .0 2

L e u c i n e  ( E ) 0 .8 4 0 .1 7 0 .0 3 0 .11 0 .15 0 .09 0.06

S o r l e u c i n e

T y r o s i n e 0 .0 4 0 .0 8 0 .0 2 0 .0 4 0 .12 0 .0 6 0.06

P h e n y l a l a n i n e  ( E ) 0 .0 5 0 .1 0 0 .0 4 0 .0 7 0.09 0 .0 7 0 .12

T l i H g  B u t y r i c
I t h a n o l a n i n e ; I, y

A W o n i a

q p i l t h i n e 0 .2

l y s i n e  ( e ) o . io 0.11 0 .0 4

T r y p t o p h t m  ( E )

H i s t i d i n e

, A r g i n i n e

T o t a l  a m i n o - a c i d s

T o t . e s s e n t .  a m i n o - a o .  
( e x o l .  P r o l i n e )  ( B )
T o t . n o n - e s s e n t . a n - a c .  
( i n o l .  P r o l i n e )

R a t i o

T o t . e s e e n t . a m i n o - a c .  
( i n o l .  P r o l i n e ) ,  

h u l l s  o n l y  ( E )
T o t . n o n —e s s e n t . a m —a c .  
( e i o l .  P r o l i n e )  

h u l l s  o n l y

R a t i o

T o t . e s s e n t . a m i n o - a c .  
( i n o l .  P r o l i n e , H i s t 

i d i n e ,  A r g i n i n e ) ,  
h u l l s  o n l y  ( B

To t . n o n -es  s e n t . am. -aC 
( e x o l . P r o l in e ,H is t 

id in e ,  A rg in in e ) ,  
h u l l s  o n ly

R a t i o

0 .0 1

♦

0 .0 6 0 .0 3

1 .81 0.6o

0 .9 0

0 .9 1

1 .0

0 .2 4

0 .3 6

0 .7

+

0 .q8 0.12 0 .09 ”0713

0 .0 4
0 .12

0 .07
0 .0 6

0 .06

”0 . 02”

1.46 2.82 2 .14

0 .06

0 .0 6

2 .43

0 .75

0.71

1.1

1 .0 0

1.82

0 .5

0 .5 9

1.55
0 .4

0 .62

1.81

0 .3

1 .2 6

1.56

0.8

1 .08  1 .07

1.39

1 .43

1.0

1 .06

1.0

1 .16

0.98

1 .2

1.36

0 .8

1.19

1 .24

1.0

NoaES, F em ales, 4 unknown peaks on t r a c in g s  
M ales, 5 -  do -
Specim en ( f )1 1 4 ,  a n a ly s is  in c o m p le te  
+ t r a c e  p re s e n t
* * ( E ) ,  E s s e n t i a l  A m ino-aoid (_H . s a p ie n s  )
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GROUP ( e ) i  ANALYSIS OP LIPIDS IN ELEPHANT 

SERUM ALL ADRENAL GLAND

( l )  Plasm a L ip id s

o f t o t a l  p lasm a 
l i p i d )

S p e o i  m 
fem a le s

M.lüO
(L)*

M.88
(D*

8 n

* .8 3

R e f .  Nos. 
m a l e s

M.1 5 2 * .9 3

C h o le s te ro l

C h o le s te ro l  e s t e r

T r ig ly c e r id e

P h o sp h o lip id

O n e s te r i f ie d  
f a t t y  a c id

8 .5
3 8 .0

1 3 .9
3 4 .8

4 .8

8 .0
3 6 .9

1 3 .7
36.6

4 .7

8 .7  

3 9 .4  
1 0 .2  

3 7 .0

4 .8

6 .9
3 6 .0

1 6 .7

3 5 .6

4 .8

8 .7

4 0 .3

11 .7
3 4 .6

4 .7

( 1 1 ) P lasm a L ip id s  

(mg/100 ml p la sm a)

T o ta l l i p i d  

T o ta l c h o le s t e r o l  

E s t e r i f i e d  c h o l e s t .  

F ree  c h o l e s t e r o l  

T r ig ly c e r id e  

P h o sp h o lip id  
O n e s te r i f ie d

208

6 4 .6

4 6 . 9

1 7 . 7

2 8 . 9

7 2 .4

1 0 .0

210  

62.8 
4 6 . 0  

16.8 
2 8 .8  

7 6 .9  

9 . 9

177

5 6 .8

4 1 .4

1 5 .4

1 8 .1

6 5 . 5  

8 . 5

280

7 9 .1

5 9 .8

1 9 .3

4 6 . 8

9 9 .7

1 3 .4

225

7 3 .4

5 3 .8

1 9 .6

2 6 .3

7 7 .9
10.6

* (L ) L a c ta t in g
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~ m & L £  % (to*4)
OfiOGF ( a ) ,  ARAX.TSIS OK 11PI28 IS ElKPHAST

S£SU8 AM AIS.ESAL CLAM

( H I )  lira a & l i i - i d s  

(Jk o f  t o t a l  l i p i d )
Spaeiaan fia f.So . 

mala
J k m .

Frea ^ c l e s t a r o l  
C h o lea ta rc l a e ta r  

T r ig ly c e r id a  
P haspholip id

4 .3
4 7 .7

4 .7
4 3 .3

( I f )  Adrenal l i p id s  

fg/lC U  c  dry t i s s u e )

T otal l ip id  

T ota l e t o le a t e r o l  

S ster iT ia d  e h o ln t e r o l  

Frea e k o la s t e r c l  

T r ig ly c é r id e  

P hospholip id

6 3 .1
20 .6

1 7 .9
2 .7 1
2 .9 6

2 7 .3
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GROUP ( f ) » CLINICAL EXAMINATION OF WHOLE BLOOD OF

LIVE CAPTIVE ELEPHANTS

A fr ic a n A s ia t ic
eleph ,Eints e le p h a n ts

D ik s ie " To t  o " S h e ila " " Laksmi"

R oB .C .(m illion /cm m ) 3 .8 3 .0 3 .2 2 . 9
W.B.C.(lOOO/cmm) 9 . 6 1 2 .7 1 2 .9 9 . 9

114 82 9 8 . 5 80

P .C .V . (%) 51 36 43 38

P l a t e l e t s  (1 0 0 0 /cmm) 453 597 329 -

MaC.V. (p ^ ) 133 117 136 130

44 40 46 41

M.C.H.C. (%) 33 34 33 31

R e tic u lo c y te s  ( 56) 0 . 1 0 . 6 0 .2 -

DIFFEREIsTIAL

N e u tr o p h i ls (^ ) 35 39 39 39
lympho cy t  es  ( ) 50 44 46 55
M onocytes ($ ) 13 14 16 5

E o sin o p h ils(5 6 ) 2 3 0 1

B a so p h il 8 ( 56) 0 0 0 0

E .S .R .(w in t ro h e s ) 
(mm in  one h o u r) 9 45 31

Blood Sugar(mg/lOOml ) 4 0 - 6 5 6 5 -1 3 0 9 0 -1 3 0

M.C.D. ()x) - 9 . 6 8 . 5 9 .2 7

M« C *F* - - - —

I l l n e s s  o r  I n ju ry n e p h r i
t i s

anae
mia

m aloc
c lu s io n
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C h ap ter 6
E xam ination o f C a rd io v aso u la r  M a te r ia l

T his c h a p te r  c o n ta in s  th e  r e s u l t s  of th e  exam ination 
of th e  c a rd io v a s c u la r  m a te r ia l  and d a ta  c o l le c te d  d u rin g  th e  
p r o je c t  from a l l  sp e c ie s  o th e r  th an  e le p h a n t.

S e c tio n  A (pp 137 -  139) t
D i f f i c u l t i e s  encoun tered  over th e  use  of th e  word 

's u s c e p tib le *  (p . 7) in  r e l a t i o n  to  f r e e l iv in g  w ild  anim als 
in  t h e i r  n a tu r a l  environm ent a ro se  e a r ly  in  th e  course  of th e  
f i e l d  work. O ther d i f f i c u l t i e s  were encountered  over the 
term ino logy  f o r  d e s c r ib in g  th e  d e ta i l e d  in te r n a l  a r t e r i a l  ana
tomy of so wide a ran g e  o f w ild  anim al s p e c ie s , due to  the  
p a u c ity  o f p u b lish ed  acco u n ts  on th i s  type  of com parative s tu d y . 
To meet t h i s  need , i t  has been n ec e ssa ry  to  co in  some new 

d e s c r ip t iv e  te rm e s.

S e c tio n  B (pp 140 -  1 4 4 ):
A g e n e ra l n o te  on th e  n a tu r a l ly  o c c u rr in g  su p p o rtiv e  

th ic k e n in g s  encoun tered  in  th e  a r t e r i a l  w a ll .
S e c tio n  C (pp 144 -  2 1 6 ); fo llo w s th e  same o rd e r of sp e c ie s  

as used in  T ab les 3 and 4 (pp 66 — 77) and g iv es  d e t a i l s  of th e  
c a rd io v a s c u la r  f in d in g s ,  sp e c ie s  by s p e c ie s .

S e c tio n  D (T ab le  10, pp 219 -  222); summarises th e  
• s u s c e p t i b i l i t y '  o f th e  w ild  an im als examined, compared as 
n e a r ly  as p o s s ib le  w ith  c a p tiv e  an im als in  taxonom ically

e q u iv a le n t g ro u p s .
S e c tio n  E (pp 226 (b ) and (B ); h ig h l ig h ts  th e  more s ig n i 

f i c a n t  o b s e rv a tio n s , b u t s in c e  t h i s  c h a p te r  and th e  ca rd io v as
c u la r  f in d in g s  in  e lep h an t ( V o l . I I ,  c h .11) a re  in te rd e p e n d e n t, 
th e  combined r e s u l t s  a re  review ed in  th e  D iscu ss io n ,
V o l . I I ,  pp 555 -  575 and in  th e  Summary, V o l .I I ,  pp 576 -  582.
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G&apt g r  ^

/\  Technique f o r  m ounting, m easuring and d e s c r ib in g  th e  a o r ta e  

In  ch. 2f  M a te r ia ls  and Methods, pp ^ 7 — 4 -^  

th e  r o u t in e  au to p sy  p ro ced u re  adopted f o r  th e  d is s e c t io n  

and o n - s i t e  tre a tm e n t o f c a rd io v a s c u la r  m a te r ia l was d es

c r ib e d , and i t  was em phasised th a t  in  th e  case of mammals, 

th e  a o r ta  wats sev ered  from th e  h e a r t  w hile  s t i l l  ^  s i t u  

in  th e  c a rc a ss  ( p . 35  ( c ) ,  fo llow ed  by th e  removal o f a o r ta  

and h e a r t  s e p a r a te ly .

There were two main reaso n s  f o r  ad o p tin g  th i s  procedures 

f i r s t ,  i t  c o n s id e ra b ly  reduced th e  r i s k  o f o v e r - s t r e tc h in g  

th e  a o r ta  d u rin g  i t s  rem oval from th e  c a rc a ss  and subsequent 

w ashing; se c o n d ly , i t  was though t b e t t e r  to  have a uniform  

tech n iq u e  f o r  d i s s e c t in g ,  m ounting, m easuring and describ ing  

th e  a o r ta  in  a l l  sp e c ie s  s tu d ie d ,  r a th e r  th an  ad o p tin g  

one method fo r  e lep h an t and rh in o c e ro s , €ind an o th e r fo r  

a l l  o th e r  s p e c ie s .  In  th e  case  of a d u l t  e lep h an t i t  i s  

n o t u s u a l ly  p r a c t ic a b le  o r a d v isa b le  to  e x t r a c t  th e  h e a r t  

w ith  th e  whole a o r ta  a tta c h e d  owing to  th e  bu lk  and w eight 

of th e  h e a r t ,  and th e  consequent r i s k  of damage to  th e  a o r ta .
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Moreover, in  th e  e le p h a n t, th e  a o r t i c  s rc h  resem bles a 

p r im it iv e  trurx̂ M̂  a r te r io s u s  and i s  so la rg e  and e l a s t i c  th a t  

i t  i s  in c o n v en ie n t to  mount i t  on p o ly th en e  boBrds in  th e  

same way as th e  a o r ta  p ro p e r .

In  a l l  mammals, th e r e f o r e ,  th e  a o r t i c  a rch  was l e f t  

a tta c h e d  to  th e  h e a r t ,  ( c a re  b e ing  tak en  to  d e te r  a s s i s ta n t s  

from l i f t i n g  i t  by p u t t in g  th e  f in g e r s  o r a hook of th e  

w eighing s c a le  in to  th e  c u t end o f th e  a o r t i c  a rch  euid 

b ra c h io c e p h a lic  tru n k s )  and p rese rv ed  w ith  i t  i n t a c t ,  a f t e r  

making th e  e x p lo ra to ry  in c is io n s  d e s c r ib e d in  ch. 2 p 3 /  ( f ) .

The a o r ta  was mounted by means of s ta p le s  on p o ly th en e  boards, 

w ith  th e  in t e r n a l  s u r fa c e  upperm ost, as d e sc rib ed  in  c h .2 ,p  3(>-3y 

and p re se rv e d  in  p l a s t i c  tanks o r b in s  in  10% fo rm ol- 

s a l i n e .

At th e  la b o ra to ry ,  a l l  th e  f ix e d  a o r ta e  were soaked in  

ta p  w ate r f o r  ab o u t 30 m inutes and th en  immersed on th e i r

m ounting boards f i r s t  in  70% a lco h o l f o r  20 m inutes; and
(âo

th en  in  Sudan IV s ta in ^  and f i n a l l y  d i f f e r e n t i a t e d  in  00% 

a lc o h o l .  Large r e c ta n g u la r  g la s s  tanks were used a t  each 

s ta g e  in  t h i s  p ro ced u re .

A s c a le  draw ing of th e  s ta in e d ,  mounted a o r ta  was then 

made on squared  paper by means of a m echanical draw ing arm.
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and t h e  a r e a s  s t a i n e d  r e d  by t h e  Sudan IV i n d i c a t e d  on 

t h e  d ra w in g .  The d ra w in g  o f  t h e  a o r t a  was th e n  marked 

o f f  i n t o  f i v e  e q u a l  s u c c e s s i v e  p o r t i o n s  from  th e  p ro x im a l  

( a n t e r i o r )  end — i . e .  a t  t h e  l i n e  o f  s e v e r a n c e  from  th e  

a o r t i c  a r c h  r u n n i n g  th r o u g h  t h e  s c a r  o f  t h e  d u c tu s  a r t e r 

i o s u s  — to  t h e  b i f u r c a t i o n ,  d e s c r i b e d  a s  p o r t i o n s  I  -  V 

r e s p e c t i v e l y .  Each p o r t i o n  was th e n  marked o f f  l o n g i 

t u d i n a l l y  i n t o  f o u r  e q u a l  p o r t i o n s ,  nam ely  t h e  " d o r s a l* ,  

" r i g h t  l a t e r a l " ,  " l e f t  l a t e r a l "  and t h e  two h a lv e s  o f  th e  

• v e n t r a l " .  The a r e a  c o n t a i n i n g  l i p i d  o r  o t h e r  l e s i o n s  

c o u ld  t h u s  b e  m easu red  and d e s c r i b e d  a c c o r d in g  to  a 

s t a n d a r d  f o r m u la .  I n  p r a c t i c e ,  i n  t h i s  p r o j e c t ,  t h e  

t e c h n iq u e  was o n ly  f u l l y  d e v e lo p e d  i n  t h e  c a s e  o f  t h e  

e l e p h a n t  a o r t a e ,  w here  q u a n t i t a t i v e  a r e a  c o u n ts  w ere  made 

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

l i p i d  and C a lc ium  d e p o s i t s  i n  t h e  a o r t i c  w a l l .

The method i s  o f  somewhat l i m i t e d  v a lu e  i n  t h e  c a s e  

o f  v e r y  s m a l l  a o r t a e  ( e . g .  t h e  m o l e - r a t ,  K.8 I ) ,  b u t  even 

i n  t h e s e  i t s  e x te n d e d  u s e  by e n l a r g i n g  t h e  s c a l e  o f  t h e  

d ra w in g s  c o u ld  be  v a l u a b l e  f o r  a  c o m p a ra t iv e  a n a l y s i s  

o f  n o rm al i n t e r n a l  a o r t i c  anatom y i n  d i f f e r e n t  s p e c i e s ,  

a s  w e l l  a s  o f  i n t r a s p e c i f i c  v a r i a t i o n s .
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fi. N a tu ra lly  o c c u rr in g ,a n a to m ic a l th ic k e n in g  o f th e  a r t e r i a l
w all

As th e  p re se n c e  o f sm a ll amounts of l i p i d  in  the  

in tim a  of th e  a * r t i e &wall su rro u n d in g  th e  o s t i a ,  bo th  

la rg e  and sm a ll , o f b ranch  a r t e r i e s  o f bo th  th e  a o r ta  and 

th e  m uscular a r t e r i e s  was found to  be a lm ost u n iv e r s a l ,  

a s e a rc h  was made f o r  p u b lish ed  d e s c r ip t io n s  of th e  

anatomy o f th e  o s t i a .  Such d e s c r ip t io n s  a re  rem arkably  

few.

L uginbdhl, Jones & D etw e ile r (1965) r e f e r r e d  to  th ese  

and s ta te d  th a t  ; " The f ib ro u s  and f i b r o - e l a s t i c  t i s s u e  was 

o f te n  arran g ed  in  a lam in a ted  manner in  th e  in tim a i caps a t  

th e  s i t e s  o f v a s c u la r  o r i f i c e s ” . - ( 19^3 ) r e f e r re d

to  them as "cushions"! ^ s ta te d  i n t e r  a l i a * "Some of th e se  

th ic k e n in g s  a re  c lo s e ly  r e l a t e d  to  v e s s e l  o s t i a  and branch

in g s ; o th e r s ,n o t  so r e l a t e d ,  appear to  be so r e g u la r ly  

s i t e d  th a t  i t  i s  d i f f i c u l t  to  escape th e  co n c lu sio n  th a t  

th ey  a re  b a s ic a l ly  a n a to m ic a l .• • .  H is to lo g ic a l ly ,  th e se  

in t im a i th ic k e n in g s  u s u a l ly  in c lu d e  c o lla g e n  and e l a s t i c  

f i b r e s ,  smooth m uscle c e l l s  and m ucopolysaccharide ground 

s u b s ta n c e . The u n d e rly in g  in te r n a l  e l a s t i c  may or may 

n o t appear f ra g m e n te d .. . .The prim ary fu n c tio n  of such
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t h i c k e n i n g s  may be  l a r g e l y  s u p p o r t i v e  and m e c h a n ic a l . "

T h is  c o n c l u s i o n  a c c o r d s  w i th  t h e  f i n d i n g s  o f  t h e

p re s e n t f i e l d  su rv ey , in  which th e  anatomy o f th e  in te r n a l

s u r fa c e  of th e  norm al a o r ta  has been examined on a compara—
<

t iv e  b a s is  in  a wide ran g e  o f s p e c ie s .

As w i l l  be shew, i t  has become ev id e n t d u rin g  th i s  

su rvey  th a t*  i ) such  su p p o r tiv e  th ic k e n in g s  of th e  a o r t i c  

w all a p p a re n tly  occu r a t  th e  o s t i a  o f a l l  branch a r t e r i e s  

o f th e  a o r ta  and m uscular a r t e r i e s ;  i i )  th a t  th e  a c tu a l  

s t r u c tu r e  and^mode o f fu n c tio n in g  of th e se  o s t i a l  th ic k 

en ings i s  c h a r a c t e r i s t i c  f o r  each s p e c ie s ;  i i i )  th a t  

th e  p o s i t io n  and number o f o s t i a ,  and th e  degree o f sh a rin g  

o f o s t i a  by n e ig h b o u rin g  b ranch  a r t e r i e s ,  has a b a s ic ,  

c h a r a c t e r i s t i c  arrangem ent in  each s p e c ie s ,  a lth o u g h  th e re  

i s  c o n s id e ra b le  room f o r  i n t r a s p e c i f i c  v a r ia t io n  as to  

d e t a i l ;  iv )  t h a t  a d i s t i n c t i v e  p a t te r n  o f f ib ro -m u sc u la r  

and f i b r o - e l a s t i c  th re a d s  and bands occurs in  th e  combined 

in tim a  and media o f th e  w a lls  o f th e  a o r ta  and m uscular 

a r t e r i e s ,  which i s  c h a r a c t e r i s t i c  jjJf^'each s p e c ie s ; and 

v ) th a t  th e  o s t i a l  th ic k e n in g s  and f ib ro u s  r id g e  pA terns 

may be f u n c t io n a l ly  adap ted  to  th e  p e c u l ia r  haemodynamics 

o f an im als w ith  h ig h ly  s p e c ia l is e d  h a b i ts ,  of which th e



h ip p o p o tam u s and t h e  k l i p s p r i n g e r  a r e  more ex trem e  

e x am p le s .  ' • ' -

"I AMTaRioR,

Ô  oshwrvi

raised ‘'collar'* 
OTifrte trancVi arfery

rarvi)> *

Land ’

PoS-reft10K.
E-iatorahc. oshum  an  fhldrooshxl orrery orij/nahn^ 
h Portion X  of a  Kijsjx) Oôrhx ŜudanofViilic U(>id shocoiin
in rcjdJ — infernal a o r ta .

I n  a  r e c e n t  p a p e r  (AppendixZ). ; S i k e s ,  i n  p r e s s )  I

r e f e r r e d  to  t h e  o s t i a l  t h i c k e n i n g s  o f  e l e p h a n t  a s

" r e i n f o r c e m e n t  p l a q u e s " .  T h is  te rm  was s u b s e q u e n t ly  fo u n d ,

h o w ev er ,  t o  be  i n a d e q u a t e  t o  d e s c r i b e  t h e  d i f f e r e n t  ty p e s

o f  n o rm al s u p p o r t i v e  t h i c k e n i n g  w hich  may be  e n c o u n te re d

i n  a s i n g l e  a o r t a ,  and i n  t h i s  c h a p t e r  t h e  f o l l o w in g  te rm s

h a v e  b e en  u se d  t o  a l l o w  g r e a t e r  d e s c r i p t i v e  sc o p e  f o r

d i f f e r e n t i a t i n g  b e tw een  them# i )  o s t i a l  c o l l a r s , nam ely

t h e  t h i c k e n e d  p a r t  o f  t h e  o s t iu m  p a r t i a l l y  o r  w h o l ly
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en c lo s in g  th e  o s t i a l  c a v ity ;  i i )  o s t i a l  ram ps, th e  

d i s t a l  s lo p e  of th e  o s t i a l  c o l l a r ,  u s u a lly  ta p e r in g  away 

g ra d u a lly  to  merge im p e rc e p tib ly  w ith  th e  normal f ib ro u s  

t i s s u e  of the  in tim a  suid m edia; i i i ) f ib ro u s  ( r e in fo rc e 

ment) r id g e s , th e  th ick en ed  r id g e s  s e p a ra t in g  th e  o s t i a  o f 

two e q u a l-s iz e d  la r g e r  m uscular a r t e r i e s ,  as a t  th e  b i 

f u r c a t io n ,  and betw een th e  l e f t  and r i g h t  b ra c h io c e p h a lic  

tru n k s  in  th e  a o r t i c  a rch  (a s  in  e le p h a n t) ;  iv )  f ib ro u s  

( re in fo rc e m e n t) th re a d s  and ban d s, th e  lo n g i tu d in a l ly -  

o r ie n te d  bands of f ib ro u s  th ic k e n in g  o f th e  combined 

in tim a  and m edia c h a r a c t e r i s t i c a l l y  found in  th e  m id -d o rsa l 

l i n e ,  b u t a ls o  re c o g n is a b le  and sometimes very  prom inent
( S S  O L  g e n e r a l

and sp e c if ic /v in  th e  a n t e r io r  p o r t io n  (p o r t io n  I )  o f th e  

th o ra c ic  a o r ta .  In  a l l  th e  sp e c ie s  s tu d ie d , th e se  normal 

co lla rs , ram ps, r id g e s ,  bands and th re a d s  tend to  become 

le s s  r e g u la r  and more prom inent in  o ld  age , a c o n d itio n  

perhaps a s s o c ia te d  w ith  s e n i l e  lo s s  o f e l a s t i c i t y .

F in lay so n  ( I 9 6 5 ) p o in te d  ou t th a t  f o c i  o f h y p e rp la s ia  

based on norm al s u p p o r tiv e  ana tom ica l th ic k e n in g s  o f th e  

a o r t i c  w a ll may be induced by ex cess iv e  m echanical fo rc e s  

such as a b u ild -u p  o f f l u id  p re s su re s  w ith in  th e  v e s s e l  

lumen, o r a w eight in c re a s e  of t i s s u e s  a tta c h e d  to  th e
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o u ts id e  o f th e  v e sse l*  Suoh p e r s i s t e n t  h y p e rp la s ia  and 

d e g e n e ra tiv e  changes accompanied by l i p i d  i n f i l t r a t i o n  and 

accu m u la tio n , and r e p a r a t iv e  p ro ce sse s  adding  to  th e  bulk

of th e  damaged a re a , m ight be expected to  r e s u l t  in  th e

fo rm a tio n  o f abnorm al f a t t y  and f ib ro u s  b u tto n s , s t r e a k s ,  

p la q u e s , haem orrhagic le s io n s ,  aneurysm s, and osseous 

m e tap lasia*

In  d e s c r ib in g  th e  a o r ta e  o f th e  specim ens c o l le c te d  

in  th e  co u rse  o f t h i s  su rv ey , th e  o ccu rren ce  of normal 

amounts o f in t im a i  l i p i d  in  th e j[o s î ia l  c o l l a r s ,  ram ps, 

and r id g e s ,  i s  reg a rd ed  as in  no way abnorm al, as i t s  

o ccu rren ce  in  th e s e  s i t e s  was alm ost u n iv e rsa l*  The 

absence o f any l i p i d  from th e s e  s i t e s  appears to  be

th e  ex c ep tio n  r a th e r  th an  th e  r u l e .

The o rd e r  o f s p e c ie s  used in  t h i s  c h a p te r  fo llo w s 

th a t  o f th e  S p ec ies  L is t s ,  pp 6 6 - 7 7

C. ARTIODACTYIA

B u ffa lo

E ig h t b u f fa lo e s ,  6 m ales and. 2 fem a les , a l l  o b ta in ed  

in  Uganda, were examined. Of th e s e , two males were 

c o l le c te d  in  th e  en v iro n s of th e  Murchison F a l ls  N a tio n a l
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P ark , two fem ales in  th e  Queen E liz a b e th  N atio n a l P ark , 

and fo u r  m ales in  th e  K igez i R eserve b o rd e rin g  th e  Ishasha 

a re a  of th e  Queen E liz a b e th  N a tio n a l P ark .

In  m atu re , fu ll-g ro w n  b u l ls  (body w ight 600 -  700 kg,

h e ig h t a t  w ith e rs  ^ 1 4 0  cm) th e  a o r ta  was 75 cm long and 9*5
C mean

to  6 .0  cm w id ^  Mean h e a r t  w eight was 3 .25  kg in  m ature 

males and 2 .0 5  kg in  m ature females^. The only  two fem ales 

c o l le c te d  were b o th  v ery  em acia ted , a c o n d itio n  a s so c ia te d  

w ith  ch ro n ic  pulm onary d is e a s e ,  resem b lin g  th a t  d e sc rib ed  

by T hurlbeck  ^  ( I 9 6 5 ) ,

A ll e ig h t  specim ens were in fe c te d  w ith  th e  F i l a r i i d  

worms E laeophora p o e l i  an d /o r  Onchocerca a r m i l la ta  , of 

which th e  fo rm er had s e t t l e d  in  th e  in tim a  of th e  a o r ta  

and th e  l a t t e r  burrowed in to  th e  a r t e r i a l  w a lls  v ia  th e  

tu n ic a  a d v e n t i t i a .  The l a t t e r  was found in  th e  e ig h t 

specim ens exam ined, in  v a ry in g  c o n c e n tra tio n  in  a l l  p a r ts  

o f th e  a o r ta ,  i l i a c  a r t e r i e s ,  fem oral a r t e r i e s ,  and 

b r a c h ia l ,  c a ro t id  and co ronary  a r t e r i e s .  I t  i s  th u s 

im p o ss ib le  to  p ro v id e  a  d e s c r ip t io n  of th e  normal a o r ta ,  

beised on th e  specim ens c o l le c te d  in  th e  p re s e n t s tu d y .

The same i s  t r u e  o f th e  h e a r t s ,  as n o t one of th e se  was 

p a r a s i t e - f r e e ,  and in  th e  case  of M. 30 th e  h e a r t  was a lso
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very  l a r g e ,p a le  and f l a c c id .

The a o r ta  i s  shown in  PIG. Z  p 15/ and i t  i s  of no te  

th a t  th e  g e n e ra l p ro p o rtio n s  show more resem blance to  th a t  

o f th e  e le p h a n t th a n  th e  hippopotam us; in  g en e ra l i t  

resem bles th a t  o f most o f th e  savannah an te lo p e  s tu d ie d .

As in  th e  o th e r  sp e c ie s  eiGumined, in d iv id u a l  v a r ia t io n s  

o ccu rred  in  th e  d e ta i l e d  arrangem ent of th e  o s t i a  o f th e  

branch a r t e r i e s ,  andjof th e  a r t e r i e s  o r ig in a t in g  a t  6 r near 

th e  b i f u r c a t io n .  The b o ld , r a is e d  p a t te r n  o f f i b r o -  

m uscular r id g e s  c h a r a c t e r i s t i c  o f th e  in t e r n a l  s u r fa c e  

of th e  hippo a o r ta  i s  la c k in g  in  b u f fa lo ,  bu t f a i n t  

lo n g i tu d in a l  s t r a n d s  and d e p re s s io n s  can be seen  in  o ld e r  

an im als . The s c a r  o f th e  d u c tu s a r te r io s u s  i s  sm a lle r  

in  p ro p o r tio n  th a n  in  th e  hippopotam us.

The in f e s t a t i o n  w ith  th e  P i l a r i i d  worms mentioned 

above, and d e s c r ib e d  in  ch . 4 , P # re n d e rs  any

a ttem p t to  d i s t in g u is h  spon taneous le s io n s  q u ite  

im p o ss ib le . Where E laeophora p o e li  i s  p re s e n t ,  u lc e r 

a t io n  o f th e  in tim a  o c c u rs , p e n e tr a t in g  deep in to  th e  

m edia. M ic ro f i la r ia e  escape in to  th e  su rro u n d in g  t i s s u e s  

and make t h e i r  way back to  th e  a o r t i c  lumen o r in to  th e  

v asa  vasorum . The e l a s t i c  f i b r e s  and o th e r  t i s s u e s  of
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th e  a o r t i c  media d e g e n e ra te , and in  some cases  u lc e r s  

p ro g re ss  to  form ^  aneurysm s. In  o th e r s ,  c a l c i f i c a t io n  

of th e  m edial t i s s u e s  o c c u rs , w h ile  th e  in tim a i ep ith e liu m  

p r o l i f e r a t e s  to  form an i r r e g u la r  co v erin g  p laque about 0*5 

to  1 .5  cm d ia m e te r .

An advanced aneurysm was found ju s t  proxim al to  th e  

le v e l  o f th e  s c a r  o f th e  d u c t . a r t . in  specim ens M .I5 

and M.9 6 , and j u s t  d i s t a l  to  i t  in  M.3 0 .

I t  was no ted  th a t  specim ens K.9 6  and M*97j which 

had fo u r  and f i v e  s e t t l e d  fem ales o f p o e l i  r e s p e c t

iv e ly  in  th e  a o r t i c  a rc h , a ls o  p o ssessed  th e  h e a v ie s t 

h e a r ts  (3«95 &2id 3*5 kg r e s p e c t iv e ly )  of th e  8 b u ffa lo e s  

examined.

The p re se n ce  o f O nchocerca a r m i l la ta  had caused 

d e g e n e ra tio n  o f th e  e l a s t i c  la m e lla e  o f th e  tu n io a  media 

o f th e  a r t e r i e s .  This i s  i l l u s t r a t e d  in  P la te s  V

and , pp 102. and foQ . The o u t l in e s  o f

th e  to r tu o u s  burrow s on th e  in tim a i s u r fa c e  o f th e  a o r ta  

were c l e a r ly  v i s i b l e  to  th e  naked eye and q u ite  d i s t i n c t  

from th e  normal wavy, f ib ro -m u sc u la r  bands d esc rib ed  in  

o ld e r  e lep h a n t and b u f fa lo  a o r ta e  (se e  P la te ÿ  X(v/ p- ^4
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M ineral d e p o s i t io n , and th e  ev en tu a l e x ten s iv e  

c a l c i f i c a t i o n  o f th e  m edia, u s u a l ly  on or a d ja c e n t to ,  

th e  i n t e r n a l  e l a s t i c  la m e lla , i s  f re q u e n tly  seen . In  

specim en M.13 (a p p a re n tly  a v e ry  e ld e r ly  an im a l), about 

7*5 cm o f th e  r i g h t  e x te rn a l  i l i a c  a r te r y  was b r i t t l e  w ith  

a "honeycomb* o f c a lc i f i e d  p la q u e s , resem b lin g  th o se  seen 

in  some e le p h a n ts  ( se e  PlateXXII pS5^ ) .  The lumen of 

t h i s  v e s s e l  was c o n s id e ra b ly  reduced . This b u ffa lo  had 

been no ted  as b e in g  lame b e fo re  i t  was c o l le o te d . The 

p a r t i a l  o c c lu s io n  d e sc r ib e d  h e re  was p o s s ib ly  th e  cause 

of th e  lam eness; in  th e  in t e r n a l  i l i a c  a r a is e d ,  g rey , 

u lc e r a t in g  p la q u e , about 0 .6  to  1 .8  cm w ide, was a lso  

found, b u t no o th e r  le s io n s  were seen  in  the r i g h t  hind le g .

S u d an o p h ilic  m a te r ia l  was p re s e n t in  a l l  a rea s  

c o n ta in in g  worms o r t h e i r  burrow s, in  bo th  th e  a o r ta  and 

th e  m uscular a r t e r i e s ,  in c lu d in g  th e  coronary  a r t e r i e s .

In  no case  were worms o r burrows found to  have penetrated 

th e  co ronary  a r t e r i e s  beyond a d is ta n c e  o f 4 cm from th e  

co ronary  opening in  th e  a o r t i c  s in u s .

In  K#94 th e  a o r t i c  s in u s e s  were r id d le d  w ith  burrows 

ex ten d in g  in to  b o th  co ronary  a r t e r i e s ,  bo th  of which had 

somewhat c o n s t r ic te d  open ings; th e re  was a r id g e  of
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n o d u les  and burrows j u s t  above th e  open ing o f  th e  l e f t  

coronary a r te ry *  The au th or  i s  n o t aw..re o f  any 

e x i s t i n g  d e s c r ip t io n s  o f  th e  d ea th  o f  b u f fa lo  in  Uganda 

which was shown a t  a u top sy  to  have been due to  c a r d ia c  

f a iu r e j  b u t i t  seem s r e a so n a b le  to  su pp ose th a t  a heavy  

p a r a s i t e  burden w ith in  th e  c o r o n a r ie s  Could in  due 

co u rse  r e s u l t  in  in f a r c t io n  and term in a l c a r d ia c  f a i l u r e .

A nother c h a r a c t e r i s t i c  f e a tu r e  o f  a o r ta e  h e a v i ly  

in f e s t e d  w ith  a r m il la ta  was damage to  th e  in tim a .

The worms a p p a r e n tly  fr a y  t h i s  from tim e to  tim e , and 

i t  was c o m p a ra tiv e ly  common to  f in d  c o l la g e n  f ib r e s   ̂

e x tr u d in g  f r e e l y  through  th e  a o r t i c  in tim a  in t o  th e  lumen. 

T hese were o n ly  c l e a r l y  v i s i b l e  u s in g  o p t ic a l  m a g n ifica 

t io n  g r e a te r  than  1 0 0 . F ib r in o u s  ta g s  on th e  epicardium  

and p er ica rd iu m  appeared to  be a s s o c ia te d  w ith  th e  

F i l a r i i d  i n f e s t a t i o n s ,  b e in g  more abundant in  th e  an im als  

w ith  a h e a v ie r  p a r a s i t e  burden (Lapage 1 ) 6 2 ) .  These  

f ib r id o u s  tags appear as p in k , c h a r a c t e r i s t i c  m asses a t  

a u to p sy  ( s e e  p la t e s  X PP
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F ie ld  d a ta

S p e c .a o . Sex Body w t. L e n g tf
cm

-H-»*'
H eight

cm
H eart w t. 

g
N otes

M.97 m 700 295 153 3 ,5 0 0 5 E .p o e l i  
u n it s  in  
a o r t ic  arch

M.95 m é Z 2 300 150 3,400 1 sc a r  o f  
E. p o e l i

M.96 ffl — 292 150 3 ,9 5 0 4 E .p o e l i  
u n it s  in  
a o r t ic  sœch

M.I5 m 310 145 2,940 h e a r t r id d 
le d  w. para
s i t e s  & pa
r a s i t i c  
l e s io n s

M.94 m 575 282 140 2 ,9 2 0

M.13 m - 295 130 2 ,8 0 0 h e a r t
shaggy

M.30 f 396 292 145 2 ,9 2 0 h e a r t en
la r g e d  |  p a le  | 
f l a c c id

H. 31 f 360 278 145 2 ,7 8 0 h e a r t
s h a g g y jv a l-  
v e s  t h ic k 
ened

 7 ' ' /  '  r
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Bushbuck

One e ld e r ly  m ale(M .1 2 ) and one young pregnant fem ale  

(M .I4 ) were c o l l e c t e d .

In th e  m ale, th e  c o e l ia c  and a n te r io r  m esen ter ic  

a r t e r ie s  had a common o r ig in ,  but no o th er  a b n o rm a lit ie s  

were seen  e it h e r  in  th e  a o r ta e , h e a r ts ,  or o th er  sam ples 

o f  m uscular a r t e r i e s  in  e i t h e r  an im al. Both had sm a ll 

in t im a i l ip i d  d e p o s i t s  in  th e  o s t i a l  c o l l a r s  and r id g e s .  

The s u p e r f i c ia l  v e in s  o f  th e  male were dark and k n o tty  as 

in  a l l  th e  e ld e r ly  male an im als exam ined.

F ie ld  d ata

Spec.-No. Sex Body w t. 
kg

Length
cm

H eight
cm

Heart 
w t. g

B otes

M.12 m 90 162 84 380

M.I4 f - 130 74 - prcgn .

B ik d ik

Ohly one d ik d ik  was exam ined, a mature m ale, K .4 9 »

I t  showed no unusual c a r d io v a sc u la r  f e a t u r e s ,  p o s s e s s in g  

normal l ip i d  d e p o s i t s  around th e  o s t i a  o f  branch a r t e r i e s .
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and showed no a b n o rm a litie s*

F ie ld  d a ta

Spec*No Sex Body wt 
kg

Length
cm

H eight
cm

Heart 
w t. g

N otes

M.49 m 66 38 49

Eland

Three sp ecim en s were c o l l e c t e d ;  one e ld e r ly  b u l l , / o n e
(M.64)

mature cow ( M .129 ) and one w e ll-g ro w n , but s e x u a l ly  

immature cow ( K . 106 ) .

The a o r ta  i s  i l l u s t r a t e d  in  FIG. 5  p 154̂ . No s t r u c tu r a l  

p e c u l i a r i t i e s  were n o te d , and in  g e n e r a l th e  h ea r t and 

a o r ta  resem b le  th o s e  o f  tn e  b u f f a lo .  The o s t i a l  c o l la r s  

and r e in fo rcem en t ramps a re  n o t la r g e  or prom inent, 

a lth ou gh  c le a r ly  r e c o g n is a b le ,  and th e r e  i s  no e v id e n t  

p a tte r n in g  o f  th e  in t im a i s u r fa c e .  In a l l  th e s e  sp ec im en s, 

su d a n o p h ilic  m a te r ia l was p r e se n t  in  th e  custom ary p o s i 

t io n  in  th e  o s t i a l  c o l la r s  and ramps o f  th e  a o r ta  and 

coronary a r te r ie s *  The s c a r  o f  the d u c t*a r t . was lo z e n g e -  

sh aped , i t s  lo n g e r  a x is  ly in g  in  th e  lo n g itu d in a l  a x is  o f  

th e  aorta*

No a b n o r m a lit ie s  were se e n  in  any o f  th e  h e a r ts  o f  th e
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th r e e  e la n d . In  th e  a o r ta  o f  th e  e l d e r l y  m a le , M .64, 

h o w ev er , a s i n g l e ,  lo n g  f a t t y  s t r e a k  5 cm i  0 .5  cm in  

s i z e  was n o te d  in  th e  v e n t r a l  l i n e  o f  th e  a o r t a ,  j u s t  

a n t e r io r  to  th e  c o e l i a c  a r t e r y  ( s e e  P la t e  ) .

The m icrograp h  show s t h a t  th e  in t im a  was th ic k e n e d , and 

c o n ta in e d  l i p i d  d e p o s i t s .  A s im i la r  p la q u e  on th e  

abd om inal a o r ta , o f  a M alayan t a p i r  was d e s c r ib e d  and 

i l l u s t r a t e d  by IC haikof fT & L in d sa y l ( 1 9 6 ,1 ) .  No o th e r  

c a r d io v a s c u la r  a b n o r m a li t ie s  w ere s e e n  in  th e s e  t h r e e  

sp e c im e n s .

F ie ld  d a ta

Spec.N o. Sex Body w t. 
k g

L ength
cm

H eig h t
cm

H eart 
w t. g

. ■■■ < 
N otes

M.64

M .129

M .106

m

f

f

710

190

320

0

230

160

140

3850

1700

1200 im m ature

G erenuk

Four g eren u k  w ere c o l l e c t e d ,  two m a les  (K* 5 3  and 1 1 1 ) 

and two fe m a le s  (M#6o and 6 1 ) .  The m ale M# 5 3  was e l d e r l y .

The t y p i c a l  a o r ta  i s  i l l u s t r a t e d  in  FIG. C> p / 7 6  

and h as f e a t u r e s  w h ich  may b e s t  be u n d e r s to o d  by com p arison
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w ith  t h a t  o f  th e  s t e in h o k  and th e  k l i p s p r i n g e r , b o th  o f  

w h ich  t y p i c a l l y  in h a b i t  r o c k y  h i l l  s i d e s  and , l i k e  th e  

g e r e n u k , f r e q u e n t ly  assum e a v e r t i c a l  p o s t u r e .  T h is  

h a b it  i s  l e a s t  marked in  th e  s t e in b o k  and m ost marked in  

th e  k l i p s p r in g e r .  The g e r e n u k , a lth o u g h  a s s o c ia t e d  

with^ a c e r t a in  ty p e  o f  v e g e t a t i o n  e s s e n t i a l l y  b e lo n g in g  

t o  r o c k y  t e r r a i n  in  a r id  and s e m i-a r id  h a b i t a t s ,  i s  n o t  

n e c e s s a r i l y  a h i l l s i d e  d w e l l e r .  I t  d o e s ,  h ow ever, 

c u s to m a r ily  assum e a g o a t - i i k e ,  b ip e d a l  v e r t i c a l  s t a n c e  

when b row sin g  o f f  h ig h  b r a n c h e s , and ev en  in  i t s  norm al 

q u ad ru p ed a l s t a n c e  i t s  head i s  h e ld  h ig h ,  th e  back  s lo p in g  

tww ards th e  w i t h e r s .  The c h a m o is - l ik e  s t a n c e  and h a b i t s  

o f  th e  k l ip s p r in g e r  a r e  d i s c u s s e d  on pf^. (7 7 .

In  a l l  t h r e e  s p e c i e s ,  th e  a n t e r io r  d o r s a l  o s t i a  a r e  

c l e a r l y  p a ir e d ,  sh ap ed  l i k e  narrow  s l i t s  and s la n t e d  

d ia g o n a l ly  a c r o s s  th e  l o n g i t u d in a l  a x i s  o f  th e  a o r t a .  In  

th e  g e r e n u k , t h i s  sh ap e  and p o s i t i o n  c h a r a c t e r i s e s  th e  

p a ir e d  o s t i a  o f  a l l  th e  i n t e r c o s t a l  a r t e r i e s ,  w h ile  in  

th e  s t e in b o k  o n ly  th e  f i r s t  two p a ir s  a r e  a f f e c t e d .  In  

th e  k l i p s p r i n g e r , a l l  th e  p a ir e d  o s t i a  o f  th e  i n t e r c o s t a l  

a r t e r i e s  a r e  narrow  and s l a n t e d ,  and in  a d d i t io n  a r e  

red u ced  in  num ber. In  a l l  th e  g eren u k  c o l l e c t e d ,  th e
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r e n a l  a r t e r i e s  had a common o r ig i n  in  th e  a o r ta ,  w h ile  

in  th e  k l ip s p r in g e r  th e  c o e l i a c  and th e  a n t e r io r  m esen

t e r i c  a r t e r i e s  a l s o  had a common o r i g i n .  In  b o th  

s t e in b o k  c o l l e c t e d ,  t h e s e  fo u r  a r t e r i e s  had s e p a r a te  

o r i g i n s  in  th e  a o r t a .

The o s t i a  o f  a l l  th e  b ran ch  a r t e r i e s  o f  th e  a o r ta  

o f  th e  g eren u k  w ere c h a r a c t e r i s e d  by th e  e x a g g e r a te d  

c u p - l ik e  sh a p e  o f  th e  o s t i a l  c o l l a r s ,  a lth o u g h  in  t h i s  

s p e c i e s  th e  ramps w ere i n d i s t i n c t .  The ex trem e d e v e lo p 

m ent o f  t h i s  arran gem en t s e e n  in  th e  k l ip s p r in g e r  i s  

i l l u s t r a t e d  in  PIG . p (76 and d i s c u s s e d  on p. 177

O nly t r a c e s  o f  norm al l i p i d  d e p o s i t s  w ould be d e 

t e c t e d  in  th e  o s t i a l  c o l l a r s  o f  th e  th r e e  you n ger  g eren u k  

(M .1 1 1 , M. 6 0  and M .6 I ) ,  b u t in  th e  e l d e r l y  m ale th e y  w ere  

more e x t e n s iv e  and v e r y  d i s t i n c t  a t  th e  o r ig i n s  o f  th e  

c o e l i a c  and a n t e r io r  m e s e n te r ic  a r t e r i e s ,  and on th e  r id g e s  

o f  th e  b i f u r c a t i o n .  An a r e a  o f  some 2  cm x  1 . 5  cm b etw een  

th e  common o r ig i n  o f  th e  r e n a l  a r t e r i e s  and th e  se co n d  

p a ir  o f  d o r s a l  c o l l a t e r a l  a r t e r i e s  c o n ta in e d  l i p i d  d e p o s i t s  

i n  t h e  s l i g h t l y  th ic k e n e d  in t im a . T r a c e s  o f  s u d a n o p h il ic  

m a t e r ia l  a l s o  o c c u r r e d  in  th e  in t im a  o f  t h e  o s t i a l  c o l l a r s  

and ramps o f  th e  c o ro n a ry  a r t e r i e s  and a t  th e  c e ir o tid
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b i f u r c a t io n .  The h e a r t ,  l i k e  th a t  o f  th e  g i r a f f e ,  

shoT/ed h ig h  m u sc le  to n u s and had a v e r y  p o in te d  apex#  

F ie ld  d a ta

S p e c .N o . Sex Body w t. 
k g

L ength
cm

H eig h t
cm

H eart  
w t. g

M otes

M.5 3 m 41 182 93 3 1 1 .6

M . l l l m - -

M .60 f 28 l 8 o 84

M.61 f 28 180 79 2 4 7 .7

G a z e l le ,  G ran t*s

Two m a le s , M# 2  and M.5 9 i w ere c o l l e c t e d ,  o f  w h ich  

th e  l a t t e r  was e l d e r l y ,  h a v in g  v e r y  l a r g e ,  h e a v i ly  r in g e d  

h o rn s and a g r e y  f a c e  and m u z z le , and k n o t ty  v a r ic o s e  v e in s  

on th e  h e a r t ,  t e s t e s  and a l im e n ta r y  c a n a l#  The h e a r t s  

and a o r t a s  showed no u n u su a l f e a t u r e s  and c o n ta in e d  in t im a i  

l i p i d  in  th e  norm al p o s i t i o n  i n  th e  o s t i a l  c o l l a r s .

The r i g h t  v e n t r i c l e  o f  M.59  v a s  u n u s u a l l y  p a l e  i n  

c o l o u r ,  b u t  no  n e c r o t i c  t i s s u e  c o u ld  be l o c a t e d  s u g g e s t i n g  

i n f a r c t i o n ,  an d  no  o c c l u s i v e  p l a q u e s  w e re  l o c a t e d  i n  t h e  

r i g h t  c o r o n a r y  a r t e r i e s .  The u s u a l  l i p i d  d i s t r i b u t i o n  

i n  t h e  o s t i a l  c o l l a r s  and  r i d g e s  was n o t e d ,  b u t  no s c l e r o t i c
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a re a s  o r  undue th ic k e n in g  was s e e n . P a r a s i t i c  worms, 

c o l l e c te d  from  th e  m ed iastinum  and p e r ic a rd iu m , w ere 

i d e n t i f i e d  a s  S e t a r i a  s p . ( s e e  ch . 4 , py 

F ib ro u s  shaggy ta g s  on th e  p e r ic a rd iu m  in  b o th  specim ens 

and on th e  ep ica rd iu m  o f  M.2 a r e  su p p o se d ly  a s s o c ia te d  

w ith  th e  p re s e n c e  o f  S e t a r i a  s p . (Lapage I 9 6 2 ) .

F ie ld  d a ta

Spec.N o. Sex Body w t. L ength H eig h t
\
H ea rt N otes

kg cm cm w t. g

M.2 m 7 8 . 5 166 93 -

M.59 m 72 163 83 680

Gaz e l l e ,  Thoms o n ' s

Only one m ale Thomson’ s g a z e l l e  was c o l le c te d  f o r  s tu d y , 

M.104* I t  was a p p a re n t ly  h e a l th y  and norm al i n  a l l  r e s p e c ts  

and c o n ta in e d  in t im a i  l i p i d  d e p o s i t s  in  th e  usual s i t e s  in  

th e  o s t i a l  c o l l a r s  and r id g e s  o f  th e  a o r t a ,  c o ro n a r ie s  and 

o th e r  m u scu la r a r t e r i e s .

F ie ld  d a ta

Spec.N o. Sex Body w t. 
kg

L ength
cm

H eig h t
cm

H ea rt w t. 
8

N otes

m; io 4 m 23 114 61 1 7 5 .5
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G ir a f f e

j r l  Pour specim ens w ere exam ined, one was an e l d e r ly ,  

s e n io r  h e rd  b u l l  w hich c a r r i e d  s c a r s  o f  a p re v io u s  en

c o u n te r  w ith  l i o n  (M .126); one a  l a c t a t i n g  cow, whose c a l f  

was n o t found in  th e  v i c i n i t y  (M*54) j and one a  cow 

c a r r y in g  a  f u l l - t e r m  f o e tu s  (M .124). I t  was n o ted  t h a t  

t h i s  cow was u n d e r c o n s id e r a b le  s t r e s s  a t  th e  tim e  i t  was 

f i r s t  s e e n , and moved v e ry  s lo w ly , la g g in g  f a r  beh in d  th e  

h e rd  o f  29 g i r a f f e  to  w hich i t  b e lo n g e d . The f o e tu s  was

th e  f o u r th  specim en  exam ined (M .1 2 5 ) .
U

The a o r t a j ^ i l l u s t r a t e d  in  PIG. 4  P Ifcl t and th e  h e a r t  

i n  P l a t e  iL p 23o. The norm al h e a r t ,  as  se en  in  t h i s  

i l l u s t r a t i o n ,  i s  v e ry  f i rm  and h as an u n u s u a lly  p o in te d  

ap ex . The o s t i a  o f  th e  b ra n c h  a r t e r i e s  o f  th e  a o r t a  

- a r e  r a t h e r  w id e , ’m o u th -lik e*  and n e a t ,  and c o l l a r s  and 

re in fo rc e m e n t ram ps a r e  d i s t i n c t  b u t n o t p ro m in e n t. No 

p ro m in en t in t im a i  s u r f a c e  p a t t e r n in g  was s e e n . The 

o s t i a l  c o l l a r s  w ere v e ry  c l e a r l y  d em arca ted  in  th e  f o e t a l  

a o r t a .

S udeu io p h ilic  m a te r ia l  was p r e s e n t  in  th e  o s t i a l  

ram ps o f  a l l  s p e c im e n s ,e x c e p t in  th e  f o e tu s  M .125, in  

th e  a o r t a  and co ro n a ry  a r t e r i e s ,  and t r a c e s  w ere se en
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in  th e  o s t i a l  co llar®  of c a r o t id ,  i l i a c  and b ra c h ia l 

& rtori#G . A p a r t i c u la r ly  i n t r i c a t e ,  f ib ro u s  arrangem ent 

vae noted a t  th e  c a ro t id  b ifu rc a t io n  in  a l l  specim en#.

T his vae w ell loaded v i th  eu d an o p h ilio  m steri& l in  every 

oeoe* (FIC.Xxl )•

In tim a i eudafioph ilic  m a te r ia l  vae w idespread through

ou t th e  a o r ta  o f  !4«124 , th e  p regnan t cow. These a re a s  

were no t el e a r  .y d i8 tin& uish& bi#  so ’s t r e a k s ’ o r  (plaques* 

bu t resem bled th e  su d an o p h ilio  ’smudge* seen Ic  th e  a o r ta e  

o f  p reg n an t and l&ct&tioL e lep h an ts  (se e  c h . i l ,  p 

and Appmidir , p y 0 (? | S ik ea , in  p re ss  ) . To a le s u a r  

e x to a t ,  th e re  was a s im i la r  widenpread occurrence of 

in tim a i l ip id  in  the  a o r ta  o f the  ia c tu t in ^  eov M.54 .

Calcium d e p o s it#  occu rred  in  a very  sm all a rea

(1 .2  X .4  cm; in  p o r tio n  I I I  o f th e  a o r ta  o f th e  b u ll  W.126.

The s u r fa c e  appear&nce o f  t h i s  le s io n  r e s e a b 1 th e  o u t .in #

o f ft c o ile d  nematode worm, bu t i t  was n o t poo ib l e  tc

id e n t i f y  i t .w i t h  c e r ta in ty  beyond th e  f a c t  th a t  an

i r r e g u la r  o n ic i f i c  d e p o s it  van p re o sn t in  th e  m edia.
F ie ld  d a ta

!%pec. ho. 5#% sodjr v t . Length
cm

Height
cm

He&rt
- . &

Lvtea

M.126 a 1 ,3 1 0 467 335 73
M.124 f 607.5 4&U 3 ,̂0 51^0 p reen .
M.M f 755 450 2bv 46&Û a c t .
St. 125 f 45 452 f o e tu s , 

f u l i - t e r c



E a r t e h e e s t

F ou r  h a r t e h e e s t  were c o l l e c t e d ,  two m ales M.3  and M.17 , 

and two fe m a le s  M.37  and M.38: In  t h e s e ,  th e  o t r u o t u r c

e f  t h e  h e a r t  and a o r t a  showed no d e v i a t i o n  from  t h e  u s u a l  

s t r u c t u r e  t y p i c a l  o f  sa v a n n a h  a n t e l o p e ,  and a l l  c o n ta in e d  

l i p i d  d e p o s i t s  i n  t h e  o s t i a l  c o l l a r s ,  ramps and r i d g e s  

o f  th e  a o r t a  and t h e  l a r g e r  m u sc u la r  a r t e r i e s .  T hese  

d e p o s i t s  s t a i n e d  a  l i t t l e  more h e a v i l y  i n  th e  two fe m a le s  

( b o th  l a c t a t i n g j )  and in c lu d e d  a d ia g o n a l  'smudge* betw een  

t h e  s c a r  o f  t h e  d u c t . a r t .a n d  th e  a n t e r i o r  d o r s a l  o s t i a  

o f  t h e  a o r t a  i n  t h e  same p a t t e r n  n o te d  i n  l a c t a t i n g  

e l e p h a n t ,  h ip p o ,  g i r a f f e  e t c .

A c y s t ,  t h o u g h t  to  be  p a r a s i t i c ,  was l o c a t e d  n e a r  

t h e  apex  o f  t h e  h e a r t  i n  M.37  ( P l a t e  XI p ) and 

f i b r o u s ,  p e r i c a r d i a l  ' t a g s *  w ere  se e n  i n  M.3 , M.37  and M.38. 

T h e se ,  a s  i n  G r a n t ' s  g a z e l l e ,  may be a s s o c i a t e d  w i th  th e  

p r e s e n c e  o f  p a r a s i t e s  (L apage 1962) .

F i e l d  d a t a

S p ec.N o . Sex Body w t.
kg _ _ _

Length
cm

H eight
cm

Heart
w t .g

N otes

M.3 a 200 122

M.I7 m - 230 136 —

M.37 f 133 208 120 1000 l a c t .

M.38 f 137 210 120 900 l a c t .



a q -

Hippopotamus

Nine h ip p o s ,  t h r e e  m ales  and s i x  f e m a le s ,  were 

exam ined , o f  w hich  one fe m a le  (M.2 9 ) was a  f u l l - t e r m

f o e t u s  ^ i a t e  p A l l  were c o l l e c t e d  i n  th e

Queen E l i z a b e t h  N a t io n a l  P a rk ,  Uganda, and e n v i r o n s .

I n  m a tu re ,  f u l l - g r o w n  a n im a ls  ( t o t a l  body l e n g t h  

o v e r  325 cm) th e  f i x e d  a o r t a  was 85 -  90 cm i n  l e n g t h  

(from  t h e  s c a r  o f  t h e  d u o t . a r t .  to  t h e  b i f u r c a t i o n ) ;  

i n t e r n a l  c i r c u m f e re n c e  (m easu red  a s  t o t a l  i n t i m a i  s u r 

f a c e  w id th  a f t e r  m ounting  open on p o ly th e n e  b o a rd s )  was 

13 -  14 cm a t  t h e  a n t e r i o r  end and 4*0 -  5*0 cm i n  t h e  

p o r t i o n  be tw een  t h e  o r i g i n s  o f  t h e  a n t e r i o r  m e s e n te r i c  

and r i g h t  r e n a l  a r t e r i e s ,  a v e ra g e  r a t i o  3*0 . T h ic k n e ss  

o f  i n t im a  and m edia  combined r a n g e s  from  7 mm a t  t h e  

a n t e r i o r  t o  2 ,0  mm a t  t h e  p o s t e r i o r  end , a v e ra g e  r a t i o  3 *5* 

The l o n g i t u d i n a l  m easurem ent f o r  f i x e d  h ip p o  a o r t a e  i s  

a b o u t  o f  t h e  f r e s h  l e n g t h .  The p e r c e n ta g e  change 

i n  t r a n s v e r s e  meamurements was n o t  i n v e s t i g a t e d .

H e a r t  w e ig h t  a p p e a re d  t o  be g r e a t e r  i n  fe m a le s  th a n

i n  m ales  o f  c o m p arab le  body l e n g t h .  Body w e ig h t  was

o n ly  o b ta in e d  f o r  one sp ec im en  ( 15. 4 0 ) i  i t  weighed 1,305  kg ,

and t h e  h e a r t  w e ig h t  was 4.85  k g . , o r  .37  S h e a r t  w e i g h t /  

100 g .  body w e ig h t .
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A s c a le  draw ing o f  th e  in t im a i su r fa c e  o f  th e  a o r ta  

o f  an a d u lt hippo i s  shown in  PIG. ^  p 17  ̂ . I t  i s  o f  

n o te  th a t  th e  p ro p o r tio n s  in d ic a te d  in  t h i s  drawing d i f f e r  

rem arkably l i t t l e  from th o se^ o f th e  f u l l - t e r m  fo e tu s  K .29. 

I t  i s  a ls o  o f  n o te  th a t  th e  c o e l ia c ,  a n te r io r  m esen ter ic  

r e n a l and lumbar a r t e r ie s  a l l  l i e  in  th e  p o s te r io r  f i f t h  

o f  th e  a o r ta , w hereas in  b u f fa lo  and e lep h a n t th ey  are  

co n ta in ed  in  th e  p o s te r io r  t w o - f i f t h s ,  th e  c o e l ia c  and 

r e n a l o s t i a  ly in g  a t  th e  ju n c t io n  o f  p o r t io n  I I I  and IV, 

and th e  r e n a is  a t  th e  ju n c t io n  o f  p o r t io n s  IV and V.

The s tr u c tu r e  of  th e  t ie s w e  o f  each ostium  d i f f e r s  

r e c o g n isa b ly  from th a t  o f  e lep h a n t and b u f fa lo ,  and th e  

f i b r o - e l a s t i c  c o l la r s  and re in fo rcem en t ramps are very  

pronounced. In o ld e r  a n im a ls , th ey  u n ite  I x  in  th e  d o r sa l  

l i n e  to  form a c h a r a c t e r i s t i c ,  lo n g itu d in a l  band o f  r a is e d  

and som etim es roughened t i s s u e .  A g r e a t  d e a l o f  v a r ia t io n  

in  number and arrangem ent o f  th e  o s t i a  was n o t ic e d  and, in  

both  th e  th o r a c ic  and abdom inal p o r t io n s , may be e it h e r  

d i s t i n c t l y  p a ir ed  or a p p a ren tly  s i n g l e .  C lose  exam ination  

o f  th e  f ib r o u s  ooliorSof th e  s in g le  o s t i a  su g g e s ts  an e a r ly  

(perhaps in t r a - u t e r in e )  f u s io n  o f  th e  p a ir  to  form a common 

o r i f i c e .
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I n  one sp e c im en , M.89, whose a o r t a  i s  shown in  

FIG* S' p ITS. f p a r t i a l  f u s i o n  o f  t h e  a n t e r i o r  d o r s a l  o s t i a  

seems to  have o c cu rred *  In  two o t h e r  spec im ens  (M.90 and 

M.26 ) t h e  c o e l i a c  and a n t e r i o r  m e s e n te r i c  a r t e r i e s  had 

a  common o r i g i n  i n  t h e  a o r t a ,  w h i le  i n  t h e  o t h e r  sev en  

th e y  had s e p a r a t e  and d i s t i n c t  o s t i a .  V a r i a t i o n s  were 

a l s o  n o te d  i n  t h e  d e t a i l s  o f  t h e  a r r a n g e m e n t^ a t  t h e  b i 

f u r c a t i o n .  o f  t h e  o r i g i n s  o f  t h e  e x t e r n a l  and i n t e r n a l  

i l i a c  a r t e r i e s .

O th e r  f e a t u r e s ,  w hich seem to  be c h a r a c t e r i s t i c  o f  

t h e  norm al h ip p o  a o r t a ,  a r e ;  i )  t h e  u n u s u a l ly  l a r g e  

p r o p o r t i o n  ofe sm ooth m usc le  i n  t h e  t u n i c a  m edia th r o u g h 

o u t  th e  a o r t a ;  i i )  t h e  o r g a n i s a t i o n  o f  t h i s  to  form
iTiiA

n u m e r o u s ^ lo n g i tu d in a l  f i b r o - m u s c u l a r  bands and t h r e a d s ,  

l y i n g  i n  th e  t h o r a c i c  a o r t a  j u s t  be low  th e  i n t e r n a l  

e l a s t i c  l a m e l l a ,  and f a n n in g  from  a fo c u s  i n  t h e  d o r s a l  

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

i n  a  g e n e r a l  p o s t e r i o r  d i r e c t i o n .  These  a r e  p a r t i c u l a r l y  

c l e a r l y  d e f in e d  i n  t h e  t h o r a c i c  a o r t a  o f  t h e  f u l l —term  

f o e t u s  and i n  a l l  spec im ens  g iv e  t h e  i n t i m a i  s u r f a c e  

a  d i s t i n c t i v e ,  l o n g i t u d i n a l  p a t t e r n i n g .

I n  t h e  two o l d e s t  sp ec im en s  (M.26 , f ,  and M.89 m) t h i s
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p a t t e r n i n g  was a l s o  wavy and ro u g h  and r e c a l l s  ( a l th o u g h  

n o t  so  a d v an ced )  t h e  c o n d i t i o n  s e e n  i n  an  e l d e r l y  m ale  e l e 

p h a n t  ( P l a t e  X (a ), Appendix
{kt CtdrtA «f.

I n  t h e  abdo m inal  p o r t i o n  o f^ a n  e l d e r l y  h ip p o ,  t h e  

p a t t e r n  a p p e a re d  to  be p re d o m in a n t ly  t r a n s v e r s e  i n  d i r e c t i o n ,  

f a n n in g  from  th e  o r i g i n s  o f  t h e  l a r g e r  b ra n c h  a r t e r i e s  and 

b i f u r c a t i o n .

S u d a n o p h i l i c  m a t e r i a l  was p r e s e n t ,  a s  i n  e l e p h a n t s ,

( s e e  A ppendix P ; S i k e s ,  i n  p r e s s )  i n  t h e  norm al 

f i b r o u s  r e i n f o r c e m e n t  ram ps p o s t e r i o r  to  each  o s t iu m ,  and 

w i t h i n  t h e  o r i f i c e  ( P l a t e  XX p 55b ) .

T h is  c h a r a c t e r i s t i c  a r ra n g e m e n t  o f  u n u s u a l ly  e l a b o r 

a t e  and p ro m in e n t  f i b r o - m u s c u l a r  c o l l a r s ,  ram ps, r i d g e s  

and b a n d s ,  a s s o c i a t e d  w i th  a l l  b r a n c h - a r t e r y  o s t i a ,  and 

i n  p a r t i c u l a r  t h o s e  o f  t h e  d o r s a l  l i n e ,  would seem to  

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

and en v iro n m en t  o f  th e  h ip p o .  P e rh ap s  t h e  o s t i a l * c o l l a r s  * 

a r e  a b l e  t o  e x e r t  some c o n t r o l  o v e r  t h e  s i z e  o f  t h e  o s t iu m .

I t  would seem a l s o  t h a t  t h e  h ip p o  a o r t a  i s  n o t  o n ly  

e x c e p t i o n a l l y  e l a s t i c ,  b u t  a l s o  c o n ta in s  an  u n u s u a l ly  

h ig h  p r o p o r t i o n  o f  sm ooth m u sc le ,a n d  one must a s k  i f  

p e rh a p s  t h e  a o r t a  i t s e l f  i s  d e v e lo p e d  to  an u n u s u a l  e x t e n t



as  a  s e l f - a d j u s t i n g  b lo o d - p r e s s u r e  c o n t r o l  mechanism 

a d a p te d  t o  p e r i o d s  o f  p ro lo n g e d  o r  d eep  su b m e rs io n  

u n d e r  w a te r .  L i t t l e  i s  a s  y e t  known a b o u t  t h e  p h y s i o l o 

gy o f  t h e  c i r c u l a t o r y  sy s te m  o f  t h e  h ip p o  d u r in g  th e  

p e r i o d s  o f  su b m e rs io n ,  w hich  a r e  s a i d  t o  avereige any

t h i n g  from  20 s e c o n d s  to  4-5  m in u te s ,  b u t  may w e l l  be 

l o n g e r  (F rech k o p  1955)*

A b n o rm a l i t i e s  w ere few  and seemed to  be g e n e r a l l y  

o f  a  m inor c h a r a c t e r .  In  a  r e c e n t  p u b l i c a t i o n ,  T h u r l -  

beckfe(1965) o b s e r v a t i o n s  on h ip p o p o tam i were i l l u s t r a t e d .  

U n f o r t u n a t e ly ,  i n  r e f e r r i n g  to  th e  d o r s a l  s u p p o r t i v e

f i b r o u s  b a n d s ,  he  u sed  th e  te rm s  " i n t i m a i  f i b r o s i s ” and

" t h e s e  l e s i o n s " ,  s u g g e s t i n g  t h e i r  o c c u r r e n c e  and d e v e lo p 

ment w i th  i n c r e a s i n g  ag e  a s  a p a th o g e n e t i c  p r o c e s s ,  a 

d e s c r i p t i o n  w hich  does  n o t  a c c o rd  w i th  t h e  f i n d i n g s  o f  th e

p r e s e n t  s u rv e y  on tisee  s t r u c t u r e s  i n  t h i s  and o t h e r  s p e c i e s .

S i m i l a r l y ,  t h e  s t a t e m e n t  " I n t i m a i  l e s i o n s  a t  t h e  d i s t a l  

m arg in  o f  t h e  i n t e r c o s t a l  v e s s e l s  w ere p r e s e n t  i n  a l l  

a n im a ls "  does n o t  seem a c c e p t a b l e  a s  th e  d e s c r i p t i o n  o f

a  norm al a n a to m ic a l  d ev e lo p m en t found  a lm o s t  u n i v e r s a l l y
ttL.
± n j A T t l o d a c t y l e s ,

The o n ly  c a r d i o v a s c u l a r  a b n o r m a l i t i e s  s e e n  i n  th e



n i n e  h ip p o s  exam ined by t h e  a u th o r  d u r in g  t h i s  p r o j e c t

were t h e  fo l lo w in g *  i )  i r r e g u l a r  a r e a s  o f  r o u g h , *g r i t t y *

o r  g r a n u l a r  v e g e t a t i o n s  on t h e  in t im a  o f  t h e  pulm onary

a r c h  and w i t h in  t h e  r i g h t  a o r t i c  s i n u s  o f  M.89, and i n

t h e  endocard ium  o f  t h e  r i g h t  v e n t r i c l e  o f  M.26  (P la teV V Ip^uy  )•

M inute  f o r e i g n  b o d i e s ,  p e rh a p s  a s s o c i a t e d  w i th  th e

p r e s e n c e  o f  p a r a s i t e s ,  were s e e n  i n  t h e  lu n g  t i s s u e s  o f

t h i s  a n im a l ,  b u t  h ave  n o t  been  c o n c l u s i v e l y  i d e n t i f i e d ,

and one i s  u n c e r t a i n  a s  t o  w h e th e r  t h e s e  a r e  a s s o c i a t e d

w i th  t h e  v e g e t a t i o n s  s e e n  i n  th e  r i g h t  s i d e  o f  th e  h e a r t .

i i )  A few s m a l l ,  d i f f u s e ,  g r e y  p l a q u e s ,  n o t  c o n t a in i n g  

s u d a n o p h i l i o  m a t e r i a l ,  w ere foun d  i n  t h e  in t im a  o f  p o r t i o n  IV 

o f  t h e  a o r t a  and e x t e r n a l  i l i a c  a r t e r y  o f  M.26 ; b o d ie s  

fo u n d  i n  t h e  m edia  i n  t h e  same r e g i o n  may be p a r a s i t e s  

b u t  have  n o t  y e t  been  i d e n t i f i e d  c o n c l u s i v e l y ;  i i i )  C a lc i 

f i e d  d i s c s  were fo u n d  i n  t h e  m edia  o f  t h e  a o r t i c  a r c h  (M.2 6 ) 

b u t  t h e i r  l o c a t i o n  d id  n o t  n e c e s s a r i l y  c o in c id e  w i th  any 

t h i c k e n i n g  o f  th e  i n t i m a ,  b u t  r a t h e r  a p p e a re d  to  be due  to  

t h e  a c t i v i t y  o r  p r e s e n c e  o f  a  p a r a s i t e ,  and a  c y s t i c  

•b u t t o n J a p p a r e n t l y  on th e  i n t i m a , i s  i l l u s t r a t e d  i n  PlateX^Opy^^* 

i v )  A few t i n y  s c a t t e r e d ,  i n t i m a i  f i b r o u s  'b u t t o n s * ,  

a b o u t  1 .0  -  2 .1  mm lo n g  and 0 .2  -  0 .4  mm w id e ,  were n o te d
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i n  p o r t i o n  I  o f  t h e  a o r t a  o f  M.9I and i n  t h e  r i g h t  

e x t e r n a l  i l i a c  a r t e r y  o f  M.40. No l i p i d  m a t e r i a l  

was found  i n  t h e s e  ’ b u t to n s * ,  g e n e r a l l y  c h a r a c t e r i s e d  

e n t i r e l y  by f i b r o u s  h y p e r p l a s i a ,  b u t  i n  M.9I a  sm a l l  

c a l c i f i e d  lump was found  i n  t h e  m edia  j u s t  below  such  

a 'b u t to n *  ( s e e  PIG.VVll p ^46 )•

I t  i s  o f  n o t e  t h a t  t h e  a u th o r  found  no a b n o r m a l i t i e s  

i n  t h e  c o ro n a ry  a r t e r i e s  o f  h ip p o ,  and no f a t t y  p la q u e s  

co u ld  be found  o t h e r  th a n  s m a l l  amounts o f  s u d a n o p h i l i c  

m a t e r i a l  l o c a t e d  w i t h in  t h e  norm al r e in f o r c e m e n t  s t r u c t u r e s  

o f  t h e  y o u n g e r  sp ec im en s  ( w i th  t h e  e x c e p t io n  o f  t h e  f o e t u s )  

and K .28 . As i n  e l e p h a n t ,  t h e  a u th o r  su p p o se s  t h i s  to  

be a  norm al c o n d i t i o n  (A ppend ix  pÿ  S i k e s ,  i n  p r e s s ) .  

Specim en M.28  was i n  advanced  p re g n a n c y ,  and s u d a n o p h i l i c  

m a t e r i a l  was fou nd  e x te n d in g  i n t o  c e r t a i n  a r e a s  o f  th e
I

i n t i m a ,  o u t s i d e  t h e  r e i n f o r c e m e n t  ram p s , c o l l a r s  and b a n d s ,t
I t  was nowhere d e n s e  and r e c a l l s  t h e  same o c c u r r e n c e  i n  

e l e p h a n t ,  a s  m en tion ed  a b o v e .

One g a in s  t h e  im p r e s s io n  tha .^ t  t h e  norm al h ip po  a o r t a  

p o s s e s s e s  some s p e c i a l i s e d  a d a p t a t i o n s  t o  i t s  am phib ious  

h a b i t  w hich  would rew ard  f u r t h e r  s t u d y .  Some o f  th e  

f e a t u r e s  d e s c r i b e d  by p r e v io u s  w o rke rs  a s  d e g e n e r a t iv e
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changes  (T h u r lb e c k  I9 6 5 )  would a p p e a r ,  when examined i n  

co m p ar iso n  w i th  t h e  norm al a r t e r i a l  s u p p o r t i v e  s t r u c t u r e s  

s e e n  i n  o t h e r  l a r g e  mammals, su c h  a s  e le p h a n t  and b u f f a l o ,  

t o  be i n  f a c t  s i m i l a r  no rm al s t r u c t u r e s ,  e x h i b i t i n g  an  

e x c e p t i o n a l  d e g r e e  o f  p ro m in en ce  a s s o c i a t e d  w i th  t h e i r  

a d a p t iv e  s p e c i a l i s a t i o n .

F i e l d  d a t a

Spec .N o . Sex
f-- —  ■
Body w t.  

kg
L ength

Offl
H e ig h t

cm
H e a r t  w t. 

S
N otes

M.89 m - 350 - 4500

M.40 m 1305 305 — 4850

M.27 m — 304 - 500C

M.26 f - 350 6450

K .9 I f - 350 5200

M.90 f 332 500C

M.28 f 330 - - p r e g n .

M.92 f 310 - 3140

M.29 f - 120 — f o e t u s
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Impala

Two maies were c o l le c te d ,  M.i and # . 145 . The 

h e a r t  and a o r ta  showed no ana tom ical d e v ia tio n  from 

th a t  c h a r a c t e r i s t i c  o f savannah a n te lo p e , and the  u su a l 

ià t im a l  l ip id  d e p o s its  a t  th e  o s t i a  were n o ted .

F ib rous p e r ic a r d ia l  ta g s  were p a r t i c u la r ly  abundant 

and 'shaggy* in  specim en M .l; and in  M.1 4 5  some th ickened  

p laques c o n ta in in g  in tim a i l i p i d  d e p o s its  ex traneous to  

th e  u su a l o s t i a l  o ccu rren ces were found. These la y  in  

th e  d o rs a l  and v e n tra l  l in e s  between th e  le v e l  of th e  o s t i a  

o f th e  a n te r io r  m esen te ric  and re n a l  a r t e r i e s ,  and in  th e  

f i r s t  2 cm of th e  l e f t  common i l i a c  a r t e r y .  No endo- 

p a r a s i te s  a t  a l l  were lo c a te d  in  th e  body o f th e  l a t t e r  

specim en.

Sc k ' ' -I

Spec.No.

M.l

M.I45

Sex

m

m

Body v t .  
kg

7 3 .5

Length
cm

173

H eight
cm

97

H eart
w t.g

540

N otes\
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K llp sp rln g c r

Specimen K.77; a m ature male in  e x c e lle n t  cond ition»  

was u n fo r tu n a te ly  th e  on ly  k l ip s p r in t e r  c o l le c te d .  The 

most unusual in te r n a l  s t r u c tu r e  observed in  th e  a o r ta  i s  

presumed to  be normal and c h a r a c te r i s t i c  o f th e  s p e c ie s .

A reg u la r»  and v ery  c le a r ly  d e f in e d , arrangem ent of 

p a r a l l e l  f ib ro u s  r id g e s  pass d ia g jio n a lly  from a d o r s a l ,  

lo n g itu d in a l  r id g e ,  to  th e  l e f t  and a n t e r io r ly ,  around 

th e  lumen o f th e  a o r ta ,  a c ro s s  th e  v e n t r a l  l i n e ,  to  p e te r  

ou t ju s t  b efo re  reach in g  th e  d o rs a l  l i n e  a g a in . The 

whole s t r u c tu r e  appears to  be e i th e r  a v a lv e  o r p o s s ib ly  

a means o f c a n a l i s in g  a s u b s ta n t ia l  p a r t  o f th e  a o r t i c  

blood by s e t t i n g  up an a n tl-c lo w k v ise  v o r te x  in  th e  re g io n  

o f th e  main a o r t i c  v i s c e r a l  b ran ch es. The ap p a ra tu s  l i e s  

in  th e  p o r tio n  of th e  a o r ta  co n ta in in g  th e  common o r ig in s  

o f  th e  c o e lia c  and a n te r io r  m esen te ric  a r t e r i e s  and th e  

two re n a l a r te r ie s / f ^ '^ 3 '6

O ther s t r i k i n g  d e v ia tio n s  from th e  u su a l anatomy of 

th e  a o r ta e  of savannah a n te lo p e  and g a z e l le  a re  th e  t o t a l  

absence o f o s t i a  o f b ranch  a r t e r i e s  in  th e  abdominal a o r ta  

between th e  re n a l  a r t e r i e s  and th e  b if u r c a t io n ;  th e  

d ia g o n a lly  s la n te d ,  p a ire d  o s t i a  o f th e  th o ra c ic  b ran ch es, 

and th e  round , c u p - lik e  " lip*  of th e  o s t i a l  c o l la r s  o f a l l
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th e  branch a r t e r i e s .  The i n t e r - o s t i a l  re in fo rcem en t 

r id g e s  a t  th e  b i f u r c a t io n  a re  a ls o  very  p rom inent.

The p e c u l ia r  anatomy o f t h i s  a o r ta  may have a 

fu n c tio n a l  ex p la n a tio n  in  term s o f th e  h a b i ts  o f th i s  

s p e c ie s .  I t  i s  a  ch am o is-lik e  ro ck  d w e lle r  (Frechkop 1933)» 

f re q u e n tly  re p o r te d  a t  a l t i t u d e s  of up to  9»000 f t  in  E ast 

A fr ic a , and o o o u rrin g  th roughou t th e  mountainous re g io n s  

o f A fr ic a  so u th  o f th e  S ah ara , a lth o u g h  nowadays ap p a ren t

ly  i t  i s  nowhere common.

I t  makes v a s t  le ap s  from ro ck  to  rook and f re q u e n tly  

ad o p ts a  v e r t i c a l  p o s tu re  when fe e d in g . Frechkop(1955) 

w ro te : " I t  can c l e a r ly  be d is t in g u is h e d  from a l l  o th e r  

a n te lo p e s  by th e  way i t  s ta n d s  only on th e  a n te r io r  rim  

o f  i t s  hooves, and by th e  e n t i r e ly  d i f f e r e n t  c h a ra c te r  o f 

i t s  p e la g e , and must th e re fo re  a t  p re s e n t be rsi^arded as 

belong ing  to  a d i s t i n c t  su b -fa m ily , th e  O reo trag in ae  

Pocock I 9 IO". G rasse , in  h is  " T ra i té  de Z oologie"

( 1 9 3 3 ) i c  f a c t  p ro v is io n a l ly  a ss ig n ed  i t  to  t h i s  

su b -fa m ily .

Bo re fe re n c e  to  th e  a o r t i c  v a lv e - l ik e  ap p a ra tu s  

d esc rib ed  above could be lo c a te d  in  th e  l i t e r a t u r e .  I t

i s  th u s  only p o s s ib le  a t  t h i s  s ta g e  to  su g g es t th e  h y p o th esis

'
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th a t  t  i s  ap p a ra tu s  in  f a c t  fu n c tio n s  as a b lo o d -co n tro l 

mechanism, whereby a g r e a te r  p ro p o rtio n  of blood i s  passed 

to  th e  v is c e ra  d u rin g  u n d is tu rb ed  p e rio d s  of browsing or 

r e s t ,  and le s s  to  th e  hind lim bs, b u t, when f e a r  and th e  

sudden demands f o r  th e  p h y s ic a l a c t i v i t y  o f ra p id  escape 

over th e  rocks o ccu r, th e  a o r ta  i s  dL ilated (o r  perhaps th e  

va lv e  r id g e s  r e la x e d ) ,  a llo w in g  th e  main volume of blood 

in  th e  a o r ta  to  pass u n in te r ru p te d  to  thc jp o b te rio r v e s s e ls  

a t  th e  b i f u r c a t io n ,  and thence  to  th e  hind lim bs.

Much more d e ta i le d  s tu d y  o f th e  flow  o f blood w ith in  

th e  a o r ta  axid o f th e  d i s t r ib u t io n  of nerves to  th is  

a o r t i c  va lve—lik e  ap p a ra tu s  would be n ecessa ry  f o r  th e  

unequivocal co n firm a tio n  o f t h i s  h y p o th e s is . n e v e r th e le s s , 

i t  i s  n o t un reaso n ab le  to  suppose th a t  such a p e c u lia r  and 

s p e c ia l is e d  ana tom ica l arrangem ent w ith in  th e  a o r ta  has a 

fu n c tio n a l  r e la t io n s h ip  to  th e  s p e c ia l is e d  h a b i ta t  and 

mode of l i f e  o f th e  s p e c ie s .

No in tim a i l i p i d  d e p o s its  were d e tec ted  in  th e  o s t i a l

c o l l a r s ,  ramps o r  r id g e s  o f th e  a o r ta ,  o r th e  m uscular

a r t e r i e s  o f specim en M.77»
F ie ld  d a ta
Spec.B e. Sex Body w t. i.ength

cm
H eight

cm
H eart wt.

-  f i  -

Notes

« .77 m 9 .8 86 .5 53.5 65
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gob

 ̂ ' Bo fem ales o f th e  sp eo iee  were c o l le c te d .  Pour

m ales («.32» 34» 35» 3 6 ) o f v a r io u s  ages were examined.

' The anatofly .o f th e  h e a r t  and a o r ta  showed no s ig n i -
j  _ I  I

E f i c a n t  d e v ia tio n  from th a t  o f o th e r  savannah an te lo p e  and
I con ta ined  th e  u su a l d e p o s its  o f  su d a n o p h ilic  m a te ria l#

In  specimen K#34» s  r a is e d  band 5 .5  % 0 .6  cm la y  

a n te r io r  to  th e  ostium  o f th e  c o e lia c  a r te r y  in  th e  

v e n t r a l  l in e  and co n ta in ed  l ip i d  d e p o s its  and s l i g h t  

m edial A ln e r a l is a t io n .  In tim a i l i p i d  d e p o s its  o c c u rr in g  

a t  th e  b i fu rc a t io n  in  t h i s  epeoimen extended beyond t h e i r  

u su a l lo c a t io n  in  th e  o s t i a l  r id g e s ,  ramps and c o l l a r s ,  

n o tab ly  in  th e  f i r s t  cm o f th e  common i l i a c  a r t e r i e s .  

F ib ro u s , p e r ic a r d ia l  ta g s  occurred  in  specim ens K#35 &nd 34» 

and as  in  h a r te b e e s t ,  e t c . ,  a r e  supposed to  be a s s o c ia te d  

w ith  th e  p resen ce  o f th e  p a r a s i t e  S e ta r ia  sp .(L apage I 9 6 2 ) .

F a tty  p laq u es ju s t  above th e  a o r t i c  s in u se s  o f M.3% 

and l ip id - c o n ta in in g  p a tch es  were a s so c ia te d  w ith  th e  

o r i f i c e s  o f bo th  coronary  a r t e r i e s .  A w hite  f ib ro u s  

p a tch  (1 X 0#75 cm) occurred  in  th e  r i g h t  v e n t r i c le  j u s t  ^

1̂% . below th e  pulmonary v a lv e ,an d  u n u su a lly  prom inent nodules
'
were no ted  on th e  chordae te n d in ae  o f th e  m itra l  valve#

 ,

: r c . - _  .



179 -

Kobt F ie ld  d a ta

Spec.He. Sex
0 It-- i. r

Body w t. 
kg

le n g th
om

H eight
om

H eart w t.
e

Botes

M.3 4 m 91 173 96 680

M.3 5 m 89 168 9 1 .5 590
M.3 6 m 8 3 .5
M.3 2 m 8 1 .5 175 9 1 .5

Kudu, L esser
; -‘ 3-»':

Specimen M .II5 was an e ld e r ly  b u l l ,  accompanied by 

th re e  cows. R e g re tta b ly , no measurements were tak en  on 

s i t e  due to  th e  au th o r* s involvem ent in  a  s l i g h t  a c c id e n t 

connected w ith  th e  c o l le c t in g  of th i s  specim en.

The a o r ta  was however mounted and examined and found 

to  ocnfo re  an a to m ica lly  to  th o se  o f o th e r  ty p io a l savannah 

am telope, c o n ta in in g  sm all d e p o s its  o f in tim a i l i p id  in  th e  

u su a l s i t e s ,  a s s o c ia te d  w ith  th e  o s t i a  o f branch a r t e r i e s .  

L ip id  a ls o  occurred  in  th e  a o r t i c  s in u s e s  and on th e  r id g e s  

o f th e  o r ig in  o f  th e  b ra o h io -c e p h a lio  tru n k s .

F ie ld  d a ta

Spec.Bo. Sex Body w t. Length H eight H eart w t. Botes
k g _____ cm cm g -

M .II5 m - -
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O rib i

A p regnan t fem ale o r lb i  (M.16) w ith  a  f u l l - te r m
/

fem ale fo e tu e  (M .155),whioh vas examined as a s e p a ra te  

specim en, was c o l le c te d .

Bo unusual fe a tu re ^  o f th e  c a rd io v a sc u la r  system
• '

was n o te d . T races o f l i p i d  were p re se n t in  th e  o s t i a l
.  » . • •

c o l la r s  o f th e  dam bu t no t o f  th e  fo e tu s .

F ie ld  d a ta

Spec.Bo. Sex Body w t.
. kg

Length
cm

H eight
cm

H eart w t. 
g

Notes

*.116 f 1 7 .5 109 68.5 230 pregn .

* .155 f 1 .0 40 23 - fo e tu s

Oryx, F rin g e -e a re d

Specimens M.66 (m ature m ale) and ##$1 (fem ale) were 

c o l le c te d .  The v ery  e ld e r ly  cow, K*51, was la o ta t in g  

(w ith  a  very  w ell-grow n c a l f  a t  f o o t ,  which escaped w ith 

th e  r e s t  o f th e  herd  and was l a t e r  seen  sh a r in g  an o th e r 

n u rs in g  cow w ith  i t s  c a l f )  and had an e a r ly  pregnancy.

I t  had a heavy in f e s t a t i o n  o f  p a r a s i te  worms (see  oh#4,p12. ) , 

and i t s  te e th  were worn down to  mere stumps ( P l a t e ÜL p ) .

The h e a r t  and a o r ta  o f th e  male (# .6 6 )  conformed to
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th e  norm al ty p e  o h a r a o te r l s t lo  o f savannah a n te lo p e  

( s e e  e land  above) and co n ta in ed  sm a ll d e p o s its  o f in tim a i 

l i p i d s  i n , a l l  th e  u su a l s i t e s ,  in c lu d in g  th e  m uscular 

a r t e r ie s *

In  th e  a o r ta  o f  th e  cow (M.5I ) ,  however, a  tough 

f ib ro u s  r a is e d  band, fo rm ing  an a n t e r io r  and p o s te r io r  

e x te n s io n  o f th e  o s t i a l  c o l l a r  and ram p ,o f a  s in g le  la rg e  

ostium  sh a red  by th e  c o e l ia c  and a n te r io r  m e sen te ric  

a r t e r i e s ,  was found* A few i r r e g u la r  and very  minor 

d e p o s its  o f l i p i d  were d e te c te d  in  th e  in tim a  o f th e  

a n t e r io r  p o r t io n  o f  t h i s  band. At i t s  a n t e r io r  end i t  

p e te re d  o u t a s  th r e a d s ,  in d ie t in g u is h a b le  from th e  

s l i g h t  w rin k lin g  ty p ic a l ly  seen  in  th e  a n te r io r  portions 

o f  th e  a o r ta e  o f  v e ry  e ld e r ly  u n g u la te s .

l a t h e r  heavy in t im a i l i p i d  d e p o s its  o ccu rred  a t  

th e  b i f u r c a t io n ,  e s p e c ia l ly  on th e  c r e s c e n t ic  f ib ro u s  

r id g e  f r e q u e n t ly  no ted  in  th e  d o rs a l  l i n e  l i nki ng  th e  

re in fo rc em e n t r id g e s  a t  th e  o r ig in s  o f th e  two common 

i l i a c  v e s s e l s .  Seme l i p i d  a ls o  extended in to  th e  

f i r s t  2 cm o f  th e  i l i a c  a r t e r i e s  and was n o t confined
S'

to  th e  in tim a  o f th e  r id g e s .  C a lc i f i c  nodu les were 

no ted  in  th e  m i t r a l  v a lv e  o f t h i s  specim en, and in  th e

.'■J
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re in fo rc em e n t r id g e s  a t  th e  b i f u r c a t io n ,  and were czre 

supposed to  be a s so o ia te d  w ith  i t s  o ld  age* The r i g h t  

co ronary  a r te r y  had a  doub le  o r i f i c e  in  th e  r i g h t  a o r t i c  

sin u s*  ■

The f ib ro u s  band co n ta in ed  some c a l c i f i c  d e p o s its  m ai^ttion
fo itie
and sm all amounts o f ex tran eo u s  a r t e r i a l  l i p i d ,  b u t th e s e  

d id  n o t^ap p ear to  be in  any way e x c ess iv e  f o r  a  l a c t a t i n g  

and p reg n an t fem a le , which was a p p a re n tly  a ls o  v e ry  e ld e rly *  

F ie ld  d a ta

Spec*No, Sex Body wt* 
kg ,

Length
om

H eight
cm

H eart wt* 
g

Notes

M*66 m 192 200 125 1390

M.5I f 160 221 121 pregn*A 
la o ta tg *

r

Reedbuok

A v ery  e ld e r ly  male (M*43) and a p reg n an t fem ale 

(M*78) were c o lle c te d *  No unusual s t r u c t u r a l  f e a tu r e s

o f  th e  h e a r t s ,  a o r ta e  o r  m uscular a r t e r i e s  were noted*

In  M*43 a l l  s u p e r f i c i a l  v e in s  had th e  v a r ic o s e ,

*kno tty*  appearance  ty p ic a l  o f  o ld  age in  u n g u la te s , and 

th e  anim al i t s e l f  was r a th e r  lean* The in tim a i s u r fa c e



o f  th e  a o r ta  was somewhat w rinkled* Ho l i p i d  could  he 

d e te c te d  in  th e  a o r ta  and m uscular a r t e r i e s  even at th e  

u s u a l s i t e s ,  a lth o u g h  i t  was p re s e n t in  th e s e  s i t e s  in  

th e  a o r ta  and co ro n ary  a r t e r i e s  o f  th e  fem ale (K*78)*

L ip id  was d e te c te d  in  th e  a o r t i c  s in u s e s  o f  M*43,however* 

No a b n o rm a litie s  o f th e  h e a r t  o r a r t e r i t e s  were seen* 

F ie ld  d a ta

Sp«o*Bo. Sex Body wt* 
kg

Length
cm

H eight
cm

H eart 
wt* g

Notes

M.43
H.7 8

ffl

f
4 1 .2 145 76 500

pregn*

S te in b o k

Two male s te in b o k  were c o lle c te d *  R efe rence  has 

a lre a d y  been made to  th e  s t r u c t u r e  o f  thb normal a o r ta  o f 

t h i s  sp e c ie s  ( se e  above: gerenuk  and k l ip s p r in g e r ',  and 

PIO. 6  p I7 b  ) .

In tim a i l i p i d  d e p o s i ts  were no ted  a t  th e  u su a l s i t e s  

in  th e  a o r ta  and m uscular a r t e r i e s *  A la rg e  c y s t ,  supposed* 

ly  p a r a s i t i c ,  was no ted  n e a r  th e  apex o f th e  h e a r t  o f  **6 9 , 

and a hard  c a l c i f i e d  lump was no ted  on th e  l e f t  r e n a l  

a r t e r y  and i s  th o u g h t to  be  a  c a lc i f i e d  p a r a s i t e ,  a lth o u g h
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i t  vas too  h e a v ily  c a lc i f i e d  to  be p o s i t iv e ly  id e n t i f i e d  

a s  such* I t  a p p a re n tly  d id  n o t cause any o c c lu s io n  o f  

th e  a r t e r y  concerned* No a b n o rm a litie s  o f  h e a r t  o r  

a o r ta  were observed  in  specim en K .7I*

F ie ld  d a ta

Spec*No* Sex Body wt* 
kg

Length
om

H eight
cm

H eart w t. 
S

N o te s l

H.6 9 ffi 9 .4 81 46

M.7 1 m 9 .0 79 48

•

V arthoga

Specimens M*5, 6 , 8 , 9 , and 33 were m ales, and N#7 

and N#10 fem ales* U n fo r tu n a te ly , specim ens N*5-10 were 

c o l le c te d  under some p re s s u re  d u rin g  a  P ark  'o rog ing*  

programme, in  which th e  c a rc a sse e  were sh a red  between 

s e v e ra l  w orkers * I t  was th u s  n e i th e r  p o s s ib le  to  d i s s e c t  

th e  a o r ta e  undamaged from th e  c a rc a s s e s ,  no r to  en su re  

t h e i r  p ro p e r su b seq u en t c a re  and p re p a ra t io n  w ith  

Sudan IF s t a i n  f o r  th e  m acroscopic exam ination  o f l i p i d  

d is t r ib u t io n *

T races o f  l i p i d  were found , however, in  th e  a o r t i c
OMo-ckeA ft?

a rch ,i#y^ the  h e a r t  of every  specim en, around th e  r e in f o r c e 

ment r id g e s  between th e  b ra o h io -c e p h a lio  tru n k s  and cusps
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o f  th e  a o r t i c  v a lv e ,  as  v e i l  a s  in  th e  o s t i a l  o o l la r s  

and ramps o f th e  co ronary  a r te r ie s * ^  _ '
I TI -
( Small l i p i d  d e p o s its  o ccu rred  in  th e  /iuaual s i t e s

I
in  th e  com plete a o r ta  and m uscu lar a r t e r i e s  o f  M.33, th e
i '
on ly  Bpecimen which was in d iv id u a l ly  c o l le c te d  and exam- 

in e d , in d ep en d en tly  o f  th e  Queen E liz a b e th  N a tio n a l Park  

cropp ing  schem e.  ̂ - -
I ^  . t

I No a b n o rm a litie s  were seen  in  th e  h e a r ts  and a o r t i c
U  ' . . .
a rch e s  o f  specim ens N .5-10 , b u t in  th e  i n t a c t  a o r ta  o f  

«•33 f i v e  i s o la te d  w h ite  *b u tto n s*  were lo c a te d  in  

p o r t io n  I  o f  th e  a o r ta ,  which resem bled  th o se  found in

h ippo ( p la te  X\/M pS4>(> )•
f

The in te r n a l  s u r fa c e s  o f th e  c a ro t id  a r t e r i e s  were 

r a th e r  w rin k led , presum ably a s s o c ia te d  w ith  th e  a p p a re n t

ly  o ld  age o f «#33.
D

The m easurem ents g iv en  below (K#5 -  10} a re  a s  tak en  

by th e  NUTAB team . The p re p a ra t io n  o f  th e  h e a r ts  f o r
? 4

w eighing  d i f f e r e d  from th e  te ch n iq u e  used by th e  a u th o r
&

f o r  a l l  o th e r  specim ens in d iv id u a l ly  c o l le c te d  d u r in g  th e  

p re s e n t  study#

/F ie ld  d a te

FÎ ^ ■

F i t   :
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F ie ld  d a ta i  N arthog
V

Sax
’'It

Body w t. I w g th H eight H eart w t. N otes
kg om cm e

T * ;
m 92*5 175 .84 350

M.6 m 101 .5 190 84 470
li.9 m 9 6 .2 190 84 681 (? )

K.5 m 8 0 .5 170 76
K.8 m 64 170 73.5 300

M.7 f 44 150 96 -

M.IO f 4 2 .5 148 200

'A

CARNIFOEA

A ardvolf

One specim en o n ly  was o b ta in e d . T h is had been k i l l e d  

on th e  N airob i -  Mombasa road  by a  p a s s in g  v e h ic le .  The 

p o s te r io r  p a r t  o f  th e  abdom inal a o r ta  was damaged, as  were
t .— ^ *

th e  abdom inal v i s c e r a  and th e  head and neok . The h e a r t  and 

th o r a c ic  a o r ta ,  however, were i n t a c t ,  b u t u n fo r tu n a te ly  some 

decom position  had o c c u rre d . No a b n o rm a litie s  were m acro- 

s c o p ic a l ly  v i s i b l e  in  th e  f r e s h  a o r ta ,  and no l i p i d  depo

s i t s  were in d id a te d  by Sudan IF  s t a i n .

F ie ld  d a ta

Spec.N o. Sex Body w t. 
kg

Length
cm

H eight
cm

H eart w t. Notes

M .I5I f 7 .3 8 6 .5
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G at, Y a lta  Wild

Two male T a i ta  w ild  c a ts  v e rs  o b ta in e d , M.143 and M. 123# 

Ko ab n o rm a lity  was seen  in  one o f th e s e ,  * .1 2 3 , c o l le c te d  

in  th e  Tsavo N a tio n a l Park  en v iro n s  in  an a re a  t o t a l l y  

devoid  o f dom estic  s to c k , and no unusual f e a tu r e s  o f  th e  

norm al a o r ta  were seen .

In  th e  o th e r  specim en, however, (*#143) th e  same %ype 

o f  a o r t i c  le s io n s  a s  in  th e  s p o tte d  hyaena *#62 and th e  

s t r ip e d  hyaena *#148 was seen# These le s io n s  a r e  ap p a re n t

ly  caused by th e  burrow s o f  p a r a s i t e s  th rough  th e  in tim a  

and m edia. A s im i la r  o cc u rren c e  in  a ja c k a l  a o r ta  was 

no ted  by F in lay so n  (1 )6 5 ) .

An accum ulation  o f  l i p i d  d e p o s its  in  th e  damaged 

t i s s u e s  c h a ra o te r is e d  t h i s  l e s io n ,  s im i la r  to  th a t  in  th e  

t i s s u e s  damaged in  b u f fa lo  a o r ta e  by th e  a c t i v i t i e s  o f  

Onchocerca a r m i l l a t a .  In  t h i s  p a r t i c u l a r  c a s e , an 

aneurysm ( P la te  ■ P ~4 haem orrhagio  le s io n s  were 

s e e n , w h ile  th e  fo rm a tio n  o f sm a ll throm bi had o ccu rred  

in  some o f th e  w o rs t f ra y e d  p a r t s  o f th e  in tim a . The 

d i s t r i b u t i o n  o f th e  le s io n s  i s  in d ic a te d  in  PIG. ^  p. *9G .

The p a r a s i t e s  cau sin g  t h i s  le s io n  a re  th o u g h t t ^ e  

S p iro c e ro a  s p . ,  b u t as  no re c o rd  o f th e  o ccu rren ce  o f
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t h e s e  p a r a s i t e s  i n  th e  T a i t a  W ild C at and th e  two 

s p e o ie s  o f  h y a en a  d e s c r ib e d  below  c o u ld  be  l o c a t e d ,  

f u r t h e r  i n v e s t i g a t i o n  i s  n e c e s s a r y  b e f o r e  th e y  can  be 

i d e n t i f i e d  c o n c lu s iv e ly .

F i e l d  d a ta  ,

Spec*Bo. Sex Body wt#
T-Itensth 

1 cm
H eight

cm
H eart wt#

[. _ K _

N otes

*.143 m 4 .6 ; 97 35 - 19 .8

M.123 ffl . 4 .1 1 94 35 13 .0

C iv e t

O nly  c n e  c i v e t  was c o l l e c t e d ,  an  im m atu re  f e m a le ,  

M .20, w hich  was fo u n d  d y in g  i n  a  s m a ll  p a tc h  o f  r e l i c t  

g a l l e r y  f o r e s t  w i th in  th e  M urch ison  F a l l s  N a t io n a l  P ark#  

The c a u s e  o f  d e a th  was n o t  e s t a b l i s h e d ,  and  h i s t o p a t h o -  

l o g i c a l  e x a m in a t io n  o f  th e  p r e s e r v e d  t i s s u e s  i s  p e n d in g .
D

H ow ever, no a b n o r m a l i ty  o f  t h e  h e a r t  o r  a o r t a  was s e e n .  

Bo m easu rem en ts  w ere  t a k e n .

F i e l d  d a ta

S p e c .N o . Sex Body w t. 
kg

^ e n g th
om

H e ig h t
Oi

H e a r t  wt#
g_. •

N o te s

f
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■ iy ;; Pogi Cape H unting

7:t̂  One m ature male o f  t h i s  sp e o ie s  vas o o l le c te d ,

M .I0 9 . ""The h e a r t  and a o r ta  appeared to  be normal*

Only th e  f a i n t e s t  t r a c e  o f  in t im a i l i p i d  could bef'

d e te c te d  in  th e  a n te r io r  p o r t io n  o f th e  ao rta*  O therw ise 

i t  was n o t seen  even in  th e  o s t i a l  o o l la r s  o rlam ps.

F ie ld  d a ta

S p e c .N o . Sex Body w t. 
k g

L en g th
om

H e ig h t
cm

H e a r t  w t.
e

! N o te s^

M .I09 m 2 4 .5 138 66 239
t
1

Poz, B a t- e a r e d

Two m ature m ales were c o l le c te d ,  *#58  and M .I3 0 #

The h e a r t  and a o r ta  of * .130  appeared  to  be norm al,and  

t r a c e s  o f l i p i d  were d e te c te d  on th e  re in fo rc e m e n t r id g e s  

a t  th e  b ifu rc a tio n *  In  M.5 8 , how ever, r a is e d  y e llo w ish  

p laq u es  were no ted  in  th e  a o r t a ,  and th e  h e a r t  was some

what f l a c c i d ,  as compared w ith  t h a t  o f N.130# The y e llo w 

i s h  p laq u es  resem bled  a  s im i la r  le s io n  seen  in  th e  a o r ta  

o f ja c k a l  K.4 8  and seemed to  be m ainly f ib ro u s  w ith  

i r r e g u la r  t r a c e s  o f  l i p i d .  They oovered a  muoh more 

l im ite d  a re a  o f  th e  a o r t i c  in tim a  and d i f f e r e d  co m p le te ly
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i n  maorosGopio appearance from th e  p a r a s i t i c  le s io n s  

d e sc r ib e d  h e re  in  o a t and hyaena.

F ie ld  d a ta

Spec.Ho# S«z Body w t. 
kg

Length
cm

H eight
cm

■........ -  ■■■ '■ ■
H eart w t. 

g
Notes

M.58 m 3 .7 81 28 1 9 .6

N.130 n 3 . . 76 28

Genet   -

Only one g e n e t was c o l le c te d ,  an o ld  m ale, * .6 8 , which 

had been k i l l e d  by a v e h ic le  on th e  N airob i -  Hgong ro a d .

Ho le s io n s  o f th e  h e a r t  o r  a o r ta  were se e n , and no l i p i d  

d e p o s i ts  were d e te c te d  by Sudan I ?  s t a i n .

F ie ld  d a ta  _  ,

Speo.No. Sex Body w t. 
kg

Length 
1 cm

H eight
cm

H eart w t. 
g

Hotea

M.68 m 2 7 7 .5 24 1 -

Hyaena, S p o tted

T hree s p o tte d  hyaena were c o l le c te d ,  one young male 

( * .4 2 ) ,  one p reg n an t fem ale * . 4 1 ; and one very  e ld e r ly ,  

l a c t a t i n g  fem ale  * .8 2 .



_ Ho a b n o rm a litie s  o f  th e  h e a r ts  and a o r ta e  o f *#42 

and M.4 1  were n o te d , and o n ly  th e  f a i n t e s t  in d ic a t io n  

o f th e  p re sen ce  o f  in t im a i  l i p i d  n ea r tbs so a r  o f  th e  

d u c t . a r t .and  on th e  b i f u r c a t io n  r id g e s  oould be d e te c te d .

I t  was, however, observed th a t  th e  o s t i a l  c o l la r s  and 

ramps appeared  to  be f a i r l y  sh a rp ly  d e f in e d , and a  f a i n t  

wavy f ib ro u s  p a t t e r n  could be d e te c te d  On th e  in tim a i 

s u r fa c e  in  p o r t io n  I .

fh e  th o r a c ic  a o r ta  o f specim en * .8 2 , however, was 

p i t t e d  and u lc e r a te d  w ith  haem orrhagio  le s io n s  and burrow s. 

L ip id  d e p o s its  o ccu rred  th ro u g h o u t th e  damaged t i s s u e s  o f  

th e  in tim a  and m edia, and th e  e l a s t i o a  was g e n e ra l ly

d i s t o r t e d  and d is r u p te d .  These le s io n s  a r e  though t to  be
cv

p r a s i t i c  in  o r ig in  and a r e  d isc u sse d  above ( s e e  T a i ta  w ild 

c a t )  and in  c h .4 9 pp ^ 7  . The d i s t r i b u t i o n  o f  th e s e  

le s io n s  i s  in d ic a te d  in  FIG. ^  p ^96, and a  s e c t io n  o f th e  

a o r ta  in  P la te  Viij p to^ .  U n fo r tu n a te ly , t h i s  anim al was 

n o t observed  lo n g  enough, p r i o r  to  i t s  c o l le c t io n  f o r  s tu d y , 

to  se e  w hether i t s  a c t i v i t y  appeared  to  be im paired  as  

a  r e s u l t  o f th e  p re se n ce  o f th e s e  v ery  advanced a o r t i c  

l e s io n s .  The g e n e ra l c o n d itio n  o f th e  anim al was v ery  

poor in d e e d , a s  judged by th e  low body w e ig h t, th e  p a to h y .
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s t a r in g  c o n d itio n  o f th e  c o a t ,  and th e  v ery  had te e th #  

F ie ld  d a ta

Speo.Bo. Sex Body w t. 
kg

I Length i 
on i

H eight 1 
I on I

’ H eart
Wtig

Notes

M.4 2
■ 1. Tb

m 1 5 2 .5 130 90 330
* .82 f 49 145 90 360 l a c t .

M.4I f 67 151 loo 594 p reg n .

Hyaena, S tr ip e d

Specimen * .1 4 8  van th e  o n ly  s t r ip e d  hyaena ob ta ined#

I t  had been k i l l e d  by a v e h ic le  on th e  N airob i -  Mombasa ro a d , 

Kenya# The h e a r t ,  as v e i l  a s  th e  p o s te r io r  p o r t io n  o f th e  

a o r t a ,  was damaged, b u t p o r t io n s  I  -  IV o f  th e  a o r ta  were 

i n t a c t  and co n ta in ed  w idespread le s io n s ,  s im i la r  to  th o se  

d e s c r ib e d  in  M.130 (T a ita  w ild  o a t )  and * .82  ( s p o tte d  h y aen a), 

d e s c r ib e d  above, ( s e e  a ls o  o h .4» pp *^5".g/). L ipid  d e p o s i ts
^  l à

o ccu rred  n o t o n ly  in  th e  damaged t i s s u e s  o f  th e  a o r t i c  i n -  

t i m a '^ d  m edia, b u t a ls o  in  th e  o s t i a l  c o l l a r s  o f th e  

b r a c h ia l  and c a ro t id  a r t e r i e s .

F ie ld  d a ta
I"*

Spec.N o. Sex Body w t. 
kg

Length
cm

H eight
cm

H eart wt 
g

Notes

M.1 4 8 f  i1 126
1

71 1
f

— ^
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Jackal»  >laok-baok.ed
1

Four m ature epecimene were o b ta in e d t * .6 2 , m ale; 

and M.4 8 , 5 2 , 105  fem ale; M.4 8  vas p re g n a n t.

The normal h e a r t  and a o r ta  poeseea no unûeual 

f e a t u r e s ,  ex cep t t h a t  i t  i s  o f n o te  th a t  th e  o s t i a l  

o o l la r s  and ramps a re  very  s h a rp ly  d e f in e d . Sudan^IV 

s t a i n  in d ic a te d  only  m inute tr a o e s  o f in t im a i l ip id  n ea r
•v-

th e  d u c t . a r t .an d  th e  r id g e s  o f  th e  k b ifu rc a t io n .
;* •' i t :  :

In  specim en M.4 8 , th e  p reg n an t fem a le , a  v ery  sm a ll

y e llo w ish  f ib ro u s  p laque  was no ted  j u s t  a n t e r io r  to  th e
.  ■ ■ .

o stium  o f  th e  o o e l ia c  a r t e r y .  I t  co n ta in ed  no l i p i d
*c.

d e p o s i ts  and seemed to  be a s im p le  in t im a i ,  f ib r o u s ,  

h y p e rp la s t ic  e x te n s io n  j f  th e  o s t i a l  c o l l a r  o f  th e  

c o e lia o  a r t e r y .

F ie ld  d a ta

Speo.No. Sex
r1*

3ody wt. 
k&

Length
oa

Height
c

r Heart wt. 
1 «

Notes

'.itAt » - 7 .9 97 4 8 4 5 .5
i

M.I05 f 3 . 3 6 2 .0
1

* .4 8 f 7 .2 99 4 3
1
j progn|.

N.52  i f 7 ,5 9? 4 3 !
" -- .f.L- i
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1

-y-T:,: Seven l i o n ,  t h r e e  m ale  and  f o u r  f e m a le ,  w ere o b ta in e d .

T h ese  sp e c im e n s  w ere  o o l le o t e d  i n  f o u r  w id e ly  s e p a r a te d
i V ’ ’

l o c a l i t i e s  and in c lu d e d  a  w e ll-g ro w n  cub o f  each  s e x  

(M .39 m, M.147 f ) ,  a  m a tu re  a d u l t  m ale  (* •5 6 )»  an  e l d e r l y  

m ale  ( * . 1 3 8 )» a  l a c t a t i n g  fe m a le  (M .I3 6 ) ,  a  p re g n a n t  

f e m a le  (M.137) and a  v e ry  e l d e r l y  fe m a le  (X .5 7 ).

I t  i s  o f  n o te  t h a t  t h r e e  o f  t h e s e  w ere  o b ta in e d  

f o r t u i t o u s l y ; -  t h e  m ale  c u b , M.39» w hich  had a  s e v e r e l y  

i n j u r e d  h in d  l e g  and  was n o t  t h r i v i n g ,  was d e s t r o y e d ;  

t h e  fe m a le  c u b , M.147# was k i l l e d  hy a  v e h i c l e  on t h e
M

K a iro b i  -  Mombasa r o a d ;  and th e  e l d e r l y  fem a le , *•57# 

a t t a c k e d  th e  a u th o r  and a s s i s t a n t s  d u r in g  t h e  p o s t-m o rte m  

e x a m in a t io n  o f sp e c im en  M.5 6  and had to  be d e tr o y e d  a s  an  

em ergency  m e a su re .

Of th e s e  seven  l i o n ,  on ly  th e  l a c t a t i n g  fem ale  (M .I3 6 )
pacjuSiCLr

show ed an y  a h n o rm a H ty  o f  t h e  a o r t a  and i l i a o  a r t e r i e s ,  

and t h i s  was m e re ly  a  s l i g h t  e x c e s s  o f  t h e  u s u a l  l i p i d  

d e p o s i t s  o c c u r r in g  a t  t h e  a o r t i o  b i f u r o a t i o n .  O nly  i n  

t h i s  sp e c im en  was an y  a b n o rm a li ty  o f  t h e  h e a r t  n o te d ,  

nam ely  a  s m a ll  c y s t  i n  t h e  l e f t  v e n t r i c l e *

I n  e v e ry  s p e c im e n , l i p i d  was fo u n d  i n  a l l  t h e  o s t i a l
¥
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o o l l a r s ,  ramps and normal r id g e s ,  and around th e  d u c t . 

a r t . o f  th e  a o r t a ,  as w ell as in  th e  coronary  a r t e r i e s .

T his i s  th e re fo r e  supposed to  be normal in  w ild  l i o n .  In  M.I3 8 , 

4he b ranches o f th e  c a rd ia c  v e in s  were d a rk  and k n o tty  in  

ap p earan ce , #s were th o se  o f th e  t e s t e s ,  as  ty p ic a l ly  

seen  in  e ld e r ly  an im a ls .

Cases m.39 and K.57 a re  f u r th e r  d e sc r ib e d  in  o h .7 ,p p  

F ie ld  d a ta

S pec.ho . Sex B o ^  w t. Lffl^th Hee^t w t. Notes

U.1 3 8 m 185 252 106 790

M.5 6 m 148 262 99 700

M.3 9 ffl 8 6 .3 230 82 324

M.5 7 t 103 232 8 6 .5 565

M.1 3 7 f 135 240 92 675 pregn .

M.1 3 6 f 117 232 81 565 l a o t .

M.1 4 7 f 60 200 7 3 .5 370

M ongoose, W hite—t a i l e d

One sp ec im en  o n ly ,  a  p re g n a n t  fe m a le  (M .So) was 

c o l l e c t e d .  The h e a r t  and a o r t a  showed no a b n o r m a l i t i e s ,  

b u t  th e  a o r t a  was c h a r a c t e r i s e d  by th e  c o m p le te ly  c i r c u l a r  

o s t i a  o f  th e  d o r s a l  b r a n c h e s ,  and th e  w ide s e p a r a t io n  from  

e a c h  o t h e r  o f  t h e  o s t i a  o f  e ach  t h o r a c i c  p a i r .  Ho l i p i d



rqs

was d e te c t e d  i n  t h e  a o r t a .  

F i e ld  d a t a

S p e c .No. Sex Body w t. 
kg

J ength  
om

H eight
cm

H eart w t. 
g

Notes

M.6o f 4 .3 99 30 2 8 .5 pregn .

S e r v a l

Two specim ens, bo th  m ale, were c o l le c te d .  K.79 

was a very  f i n e  m ature m ale; specimen If. 65  was a ls o  

m ature b u t in  poor g en e ra l c o n d itio n .

No a b n o rm a litie s  o f th e  h e a r t  and a o r ta  o f e i th e r  

were d e te c te d ,  and only  t r a c e s  o f  a o r t i c  l i p i d  d e p o s its  

n ea r th e  d u o t. a r t . and th e  r id g e s  o f th e  b i f u r c a t io n .  

F ie ld  d a ta

--------------------!-------- f— ---------1
S p e c .N o . iS ex  Body w t.

I W  k g

1-----------------
L eng th

om
H e ig h t

cm
H e a r t  w t. 

g
N otes

1U79 jO 1 10 
K.6 5  m 8

110
98

5 4 .5

44
5 1 .5
3 8 .2
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HYfiACOIDEA

Rook Hyrax

Three specim ens, two male and one fem ale , were 

c o l le c te d  (M.75» 73 m; M.74 f ) .  These were a l l  in  

e x c e l le n t  co a t and were a c t iv e  and normal in  appearance 

and b eh av io u r, b u t were h e a v ily  in f e s te d  w ith  p a r a s i te s  

(see  ch#4) P /  Cjât No unusual f e a tu r e s  of th e  h e a r t

and a o r ta  were n o te d , and t r a c e s  of l i p i d  were d e te c te d  

a t  some of th e  o s t i a  in  specim en M.73*

I t  i s  perhaps of p a r t i c u la r  i n t e r e s t  h ere  to  n o te  

th a t  a young, m ature male T ree Hyrax, "Kimbi", which had 

been k ep t as a p e t s in c e  i t  was found abandoned w hile  s t i l l  

v ery  young, w ^  brought to  England by a i r  in  I 966 and 

d ied  w ith in  a week o f i t s  a r r i v a l . ■ I t s  b ro th e r ,  caught 

a t  th e  same tim e and in  s im i la r  c o n d itio n s , i s  s t i l l  a l iv e  

a t  th e  tim e of w r i t in g ^  having  been flow n back to  E ast 

A fr ic a  a g a in . Both an im als were g e n e ra lly  g iven  th e  

freedom  of th e  house and g a rd en s , b u t re c e iv e d  a mixed 

’h o u s e h o ld 'd ie t  in  a d d i t io n  to  lo c a l ly  c o l le c te d  n a tu ra l

v e g e ta b le  fo d d e r .

When examined p o s t mortem, th e  a o r t i c  a rch  o f **Mimbi"
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was found to  be packed w ith  o c c lu s iv e , l i p i d - f i l l e d  

a th e ro m a -lik e  in tim a i p la q u e s* . O th er, s im i la r ,  p laq u es

were found th ro u g h o u t th e  a o r ta  (PIG# p---------------as w ell

as ex c e ss iv e  l i p i d o s i s  o f th e  in tim a  a t  th e  b i f u r c a t io n  

and in  th e  co ro n ary  a r t e r i e s .

These tame hyraxes l iv e d  in  on ly  p a r t i a l  c a p t iv i ty  

w ith in  t h e i r  own home ra n g e , b u t had acd ess to  unusual 

a d d i t io n s  to  t h e i r  d i e t ,  and to  unusual p r o te c t iv e  c a re .

I t  i s  p o s s ib le  th a t  th e  s t r e s s  induced by th e  tem porary  

t o t a l  confinem en t, combined w ith  th e  o p e ra t io n  o f f e a r  

s t r e s s e s ,  d u rin g  th e  f l i g h t  to  England p r e c ip i ta t e d  th e
probed»

te rm in a l csird iac f a i l u r e ,  from which "K im b i"^ fin a lly  d ie d . 

The p resen ce  o f f a t t y ,  p a r t i a l l y  o c c lu s iv e , a o r t i c  and 

co ronary  p laq u es would u n d oub ted ly  have p red isp o sed  th e  

anim al to  a te rm in a l  ̂ c r i s i s  due to  any form  of e x c e ss iv e  

s t r e s s .

F ie ld  d a ta  ( ro c k  h y rax )

Spec.No. Sex B c ^  w t. H g^gh t! H egrt r t . [ B otes

M.75 m 2 .25 ■ 48
I

23 9 .4

M.73 m 1.04 34 — i 2 .6  :

M.74 f 2 .5 46 23 : 8 .1  p reg n .

(1  am in d e b ted  to  Mr. and Mrs. John Savidge of th e  Huaha 
N a tio n a l P ark , T anzan ia , who k in d ly  p ro v id ed  th e  inform a
t io n  on th e se  2 t r e e  hyraxes and gave me "Mimbi”s c a rc a ss  
f o r  c a rd io v a s c u la r  in v e s t ig a t io n )
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lAGOMORPHA

H are, A fric an

Only one h a re  was c o l le c te d ,  and t h i s  was found 

ly in g , on th e  ground on a  h ig h lan d  ra n c h , w ith  hind lim bs 

p a r t i a l l y  p ara ly sed #  The anim al d ie d  abou t an hour a f t e r  

i t s  cap tu re#  A ll th e  v is c e r a  were congested  and had a 

’ cyanosed’ ap p earan ce , and th e  h e a r t  was la rg e  and f l a c c id ,  

b u t e x c e p tio n a lly  d a rk  in  colour# The e n t i r e  a lim e n ta ry  

can a l was congested  and haem orrhagic# The in t e r n a l  

s u r fa c e  o f th e  a o r ta ,  however, showed no unusual f e a tu r e s  

a t  a l l#

Samples o f  th e  t i s s u e s  o f t h i s  specim en were g iv en  

to  th e  M akerere C o lleg e  V e te r in a ry  School C l in ic ,  K abete, 

f o r  ex am in a tio n , b u t th e  r e s u l t s  were n o t d is c lo s e d ,  and 

up to  th e  p re s e n t  no post-m ortem  r e p o r t  has been re c e iv e d . 

F ie ld  d a ta  a

1
|Spec.Bo« Sex I Body w t . |  Length H eight 1 H eart wt# Notes

; kg i cm
....  ! . . 1

cm I g

;M.72 f  1 1 .8  • j  51 15 j
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PERTSSODACTYLA

R hinoceros, B lack

Only one com plete rh in o c e ro s  was c o l le c te d  and examined, 

K .128. T his was a young, a d u l t  m ale, c o l le c te d  in  th e  

neighbourhood of Tsavo N a tio n a l P ark  (B a s t)  Kenya.

In  a d d i t io n ,  a p ie c e  o f a r t e r i a l  t i s s u e ,  $ cm sq u a re , 

s a id  to  have been tak en  from th e  a o r ta  o f a rh in o c e ro s , was 

g iven  to  th e  a u th o r  by a s e n io r  r e s e a rc h  worker in  Kenya.

T his p ie c e  was accep ted  and la b e l le d  M.133* S ince no d a ta  

as to  se x , ag e , e t c .  were su p p lie d  ai:d i t  was no t known 

from which p a r t  o f th e  a o r ta  i t  was c u t ,  i ^  has n o t been 

u s e fu l  in  t h i s  p r o je c t .  Perhaps i t s  r e a l  v a lu e  h e re  i s  to  

em phasise how e s s e n t i a l  i t  i s ,  in  com parative c a rd io v a sc u la r  

s tu d ie s  o f t h i s  ty p e , to  o b ta in  whole a o r t a e , ( r a t h e r  th an  

p ieces), ad e q u a te ly  p rep ared  and a n n o ta te d , f o r  exam ination .

The d is s e c te d  a o r ta  o f M.128 i s  i l l u s t r a t e d  in  P IG .4 p 3o3 

AS t h i s  was th e  on ly  specim en examined, i t  i s  no t p o s s ib le  

to  s t a t e  w hether i t  i s  a t r u l y  r e p r e s e n ta t iv e  normal a o r ta ,  

b u t compared w ith  th e  a o r ta e  o f o th e r  s p e c ie s ,  i t  appeared  

to  have no unusual f e a tu r e s .  The arrangem ent o f c o e l ia c ,  

a n t e r io r  m e se n te r ic , r e n a l  and p o s te r io r  b ranch  a r t e r i e s ,  

d i f f e r e d  s l i g h t l y  from th o se  of o th e r  s p e c ie s ,  b u t no le s io n s
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of any kind  could be found*

There was a d i s t i n c t  p a t te r n  of lo n g itu d in a l  f ib ro u s  

th re a d s  and bands in  th e  a n te r io r  end (p o r t io n  I )  o f th e  

a o r ta ,  and th e  c o l la r s  o f th e  o s t i a  o f th e  branch a r t e r i e s  

were p a r t i c u l a r ly  w ell d e fin e d  w ith  r a th e r  e longated  p o s t

e r io r  re in fo rc em e n t ramps, c l e a r ly  co n n ec tin g  w ith  th e  

fo llo w in g  p a i r ,  b u t n o t form ing a prom inent r a is e d  d o rs a l  

band as in  th e  h ippo .

S ud an o p h ilic  m a te r ia l  was p re se n t and d i s t i n c t ,  con

f in e d  w ith in  th e  o s t i a l  c o l la r s  and re in fo rcem en t ramps 

o f th e  a o r ta  and was abundant in  th e se  p o s i t io n s  as w ell 

as in  th e  coronary  a r t e r i e s .  None was lo c a te d , however, 

o u ts id e  th e se  co llaw s and normal ram ps, and in  th e  c a ro t id ,  

r e n a l ,  i l i a c  and fem oral a r t e r i e s  v e ry  l i t t l e  was p re se n t 

a t  a l l .  As in  o th e r  mammals o f t h i s  age group examined 

in  t h i s  p r o je c t ,  t h i s  d i s t r i b u t io n  o f in te r n a l  l i p i d  i s  

th o u g h t to  be norm al.

No c a rd ia c  a b n o rm a litie s  were n o ted .

F ie ld  d a ta

Spec.No. ' Sex! Body w t. j  Length H eight H eart Notes
kg I cm cm g

M.1 2 8 m 1,005 335 : 142 6 ,9 0 0
lM.153

1

'
! :
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Aürd&ei I l s

^!T6fir^S<*aii48»#,»àil'»oi(»ër ^riAlmaîa, 'wêre a o lle o ta d  

(^ïftiS,44,5^CPf4Ad555)i|n=‘À iidiiSO n'to two p rég n siit mares

((*4%Ta9Ad796i.

% $oua*&*a&iff*&t*r*s"#4fe'ad4fe4d«Aboüt tH e h e a r t ,
f w T-t '

‘̂ #A lèiied lffer l i t t W  in  fw te ra l 

cè&&*ëè%SiS&%#S8f?*&&t%ho#e.*fttae ho rs* . The o a t i a l  co lla rE  

&&Àd-&a&ÿ*,^hh*hVêT;^**e~&6à**eIyf n6tiG@ahhe )a8 s u e h 'to  th e  

-mhked^wèÿe. ' O jfclylln^thettvo mérms oouldeany tra c é e  of 

l l l ^ ld - h e -  âh th è tèd iirittiie* a* i^ ta^ en à  O ther ^ a r te r ie s ,  and th e se  

I e ^ re  l^ iîy * fà ih t ly '^ iO tle e à b ie i in  vthe ao i^ tic  s in u s e s ,  on th e  

:eeB p8C $f:theiaa*tiG yvay*e»#ad th e  n e ig h b o u rlag  a o r t i r  in tim a , 

30ntth@&»e&rkÔftthe dao tee a r t e r i o s u s , and on th e ^ re in fe ro e -  

: m e a t;r ld g e s c & ttth e ' t i f u r e a t i e n .

OOme 6 f~ th e  f e a tu re s  o h a r a o te r ie t i c  Of h ea lth y  w ild  

: eeh ra  is^ th em b u n d aaee  O f, y e llo w , ouhoutaneouG f a t ,  eapeo-

" j.
i i a l iy c o n  vthe nape  Of ^the aeek , and #n  th e  dorsum and qua^terB*
i
IThe h ea rtcab eo  a lm ost in v a r ia b ly io o n ta in u  la rg e  d e p o s its  of 

em W epioai^ ia  , - f a t .  iC oaparab le  d e p o s its  o i ts to re d  f a t  

lido n o t  no rm ally  e e o u r l in  a t h e r ,A frlean^savannah  u n g u la te s . 

I l t x i s  timsGOf i n t e r e s t  t h a t  i n  t h i s  sp e o ie s  in  «tue w ild 

m ta te  . l ip id s  <cf i th e  a r t e r i a l  in tim a  were found to  he aim ost 

.noJi^-exiatent • [  t f i y  t o
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The only e i r te r ia l  ab n o rm ality  noted was one sm all 

r id g ed  p a tc h , 1*2 x 1*5 cm in  a re a , ly in g  in  the  r ig h t  

l a t e r a l  l in e  between th e  le v e ls  o f th e  ? th  euid 8 th  p a i r s  

o f d o rs a l  th o ra c ic  o s t i a  in  specim en M#50 (m ale ), in  which 

c a l c i f i c  p la te s  la y  in  th e  media a g a in s t  th e  in te r n a l  

e l a s t i c  la m e lla  ( M a te p One must suppose th a t
re^uJtiet Çrenrrt

t h i s  wgts a t i s s u e  r e a c t io n  consequent upon some lo c a l i s e d  

tra u m a tic  o ccu rrence  in  th e  a o r t i c  w a ll ,  as th e re  was no 

in d ic a t io n  of th e  p resence  of p a r a s i te s  in  th i s  t i s s u e .

M.5 0  was th e  s e n io r  s t a l l i o n  of i s  herd and was s c a r re d  from 

f ig h t in g ;  i t  seems p o s s ib le  th a t  in ju ry  to  th e  a o r t i c  w all 

m ight p o s s ib ly  have r e s u l te d  from a f a l l .  Apart from th i s  

s in g le  lo c a l i s e d  etpurrence, no o th e r  Calcium d e p o s its  were 

d e te c te d  m icro - o r m acro so o p ica lly  in  zeb ra  a r t e r i e s .

U nlike th e  zeb ra  examined, th e  on ly  r e la te d  w ild sp e c ie s  

a v a i la b le  in  E ast A fric a  -  th e  rh in o ce ro s  -  was found to  

have very  marked l i p i d  d e p o s its  in  th e  u su a l s i t e s  around 

th e  o s t i a  on th e  in tim a  of th e  a o r ta  and th e  m uscular 

a r t e r i e s  (see  above).

/F ie ld  d a ta
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F ie ld  d a ta  (sse tra )

Spec.No*
I''"’"”'*- 1
Sex Body wt. 

kg
Length

cm
H eight

cm
H eart

g

----------------' -  —t
N o t e s

r i  '
M.6 3

* • 

m - 250 120 2 ,0 0 0 " re tire d *

M.4 m 260 112 1 ,9 0 0
4% . TT-

M.5O m 335 268 123 1 ,9 0 0

M.5 5 m
- i'? ■  ̂•

335 260 123 1 ,9 5 0

M.6 7 f 330 253 120 1 ,9 5 0 p reg n .

M.TO f 270
, r .  ■;* '.Vj -' ' . .i

250 120 1 ,5 0 0 p reg n .

5 f

-'V^T . . . .



209

PRIMATES ?  '  5

Chimpanzee

‘S p ec ia l P erm its  were g ran ted  by c o u rte sy  of
.1 • 1

th e  Uganda Game Departm ent f o r  th e  c o l le c t io n  o f two 

a d u l t  chim panzees f o r  t h i s  s tu d y . These: were 

c o l le c te d  in  a m arg inal h a b i t a t  in  th e  K igezi Game 

R eserve , where a c t iv e  encroachm ent by v i l l a g e s  and te a  

p la n ta t io n s ,  and lu m b erjack s , had a lre a d y  made con sid 

e ra b le  in ro ad s  on th e  Marametgambo F o re s t ,  which s t i l l  

c o n ta in s  a co m p ara tiv e ly  la rg e  w ild  chimpanzee 

p o p u la tio n . N e v e rth e le s s , t h i s  p o p u la tio n  i s  s u b je c t  

to  d is tu rb a n c e  o f th e  f o r e s t  h a b i ta t  by th e  p o p u la tio n  

o v e r s p i l l  o f e le p h an t from th e  Queen E liz a b e th  N a tio n a l 

P ark , in  a d d i t io n  to  th e  human encroachm ent m entioned 

above, on th r e e  s id e s  o f th e  f o r e s t .

T his chimpanzee p o p u la tio n  must th u s be reg a rd ed  

as s u b je c t  to  th e  abnormal c o n d itio n s  o f a " s tre sse d *  

h a b i t a t  -  i . e .  a h a b i ta t  w ith  th e  o v e r a l l  v e g e ta t io n a l  

cover d is tu rb e d  (by e le p h a n t and man); th e  a re a  of 

which i s  c o n s ta n tly  b e ing  reduced ; and which i s
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becoming (from  th e  chimpanzee p o in t  o f view ) a lm ost 

t o t a l l y  i s o la te d  from o th e r  e x te n s iv e  f o r e s t s .

In  view o f th e  need f o r  co n serv in g  th e  sp e c ie s  

by a l l  p o s s ib le  means, i t  would have been ou t o f  th e  

L : q u e s tio n  to  r e q u e s t  p e rm its  to  k i l l  a d d i t io n a l  w ild  

chimpanzees in  a g en u in e ly  u n d is tu rb e d  , "n a tu ra l"  

h a b i t a t  f o r  com parative p u rp o ses . In  d e s c r ib in g  

th e  c a rd io v a s c u la r  m a te r ia l  c o l le c te d ,  i t  i s '  

reco g n ised  t h a t ,  a lth o u g h  b o th  specim ens were g en u in e ly  

w ild  an im a ls , th ey  came from th i s  " s tre s s e d "  h a b i t a t ,  

a f a c t  which may have some b e a rin g  on th e  f in d in g s .

Specimen M.9 8  was an e ld e r ly  m ale, g rey in g  

around th e  fa c e  and on th e  s c a lp .  His te e th  were 

worn and b roken , and h is  fa c e  w rin k led . His hands 

and f e e t  were c a llo u se d  and th e  n a i l s  p i t t e d  and rough . 

The o th e r  specim en, M.102, was a much younger 

an im al, a fem a le , which had i r r e g u la r ly  pigm ented 

s k in ,  b u t whose c o a t was th ic k ,  b la c k  and s i l k y .
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The normal h e a r t  and a o r ta  o f th e  e p e o ie s , whioh 

c lo s e ly  resem ble  th o se  o f Man, a re  too  w ell known to  

r e q u ir e  d e s c r ip t io n .

The e ld e r ly  m ale, M.9 8 , was th e  on ly  mammalian s p e c i

men c o l le c te d  in  th e  whole of t h i s  s tu d y  p r o je c t  in  which 

p laq u es  were fo u n d ,c lo s e ly  resem b lin g  th o se  o f t r u e  atherom a 

in  Man, in  th e  a o r ta ,  co ronary  and la r g e r  m uscular a r t e r i e s .  

C haikoff and Lindsay ( I 9 6 6 ) in  t h e i r  s tu d y  of 67 non-human 

P rim ate s  c o l le c te d  from ju n g le  so u rc e s , g e n e ra l ly  w ith o u t 

any pro longed  in te r v a l  in  c a p t iv i ty ,  concluded th a t  "on ly  

in  chim panzees, s p id e r  monkeys and s e v e ra l  sp e c ie s  o f 

Maoaoa were w ell-d ev e lo p ed  d i s t i n c t i v e  a therom atous p laq u es 

w ith  c h o le s te ro l  d e p o s its  en co u n te red " . R egarding th e  

o v e r a l l  s i t u a t i o n  in  67 specim ens r e p re s e n t in g  17 sp e o ie s  

o f non-human P rim ates  th ey  s ta te d ;*  The developm ent o f 

a r t e r i o s c l e r o t i c  le s io n s  in  coronary  a r t e r i e s  and in  th e  

a o r ta  in  our s tu d y  of 67 P rim ates  i s  a p p a re n tly  s im i la r ,  

i f  n o t i d e n t i c a l ,  to  .the developm ent o f  f a t t y  s t r e a k s ,  

p e a r ly  p la q u e s , and a th e r o s c le r o t ic  p laq u es  in  th e  human 

b e in g . However, th e  d eg ree  of l i p i d  i n f i l t r a t i o n ,  in 

c lu d in g  th e  amount of c h o le s te ro l  d e p o s ite d  in  th e  in tim a i

le s io n s  i s  g e n e ra l ly  le s s  in  P rim ates th an  i s  u s u a lly  found 
e

in  %4an.



The o c c lu s iv e  l i p i d  in tim a i p laq u es found in  some of 

th e  sc ru b lan d  e le p h a n ts  bo re  a c lo se  resem blance to  th o se  

o f Man (se e  ^ . 1 1 ,  p p ^ 3 -Z ^ ^ j ) in  many d e t a i l s ,  b u t th e  

appearance i f  examined in  th e  p e r s p e c t iv e  of th e  whole 

a o r ta  would g e n e ra l ly  be d is t in g u is h a b le .  The d i f fe re n c e s  

a re  p ro b ab ly  b a s ic a l ly  r e la te d  to  th e  s p e c i f i c  h is to lo g y  

( f o r  example th e  d ia m e te r, r e l a t i v e  le n g th  and e l a s t i c i t y  

o f th e  f i b r e s ,  c e l l s  and la y e r s  o f th e  a r t e r i a l  w a l l ) ,  th e  

s p e c i f i c  c h a ra c te r  o f l i p i d  m etabolism , and p o s s ib ly  even 

th e  e v o lu tio n a ry  and taxonom ic d i f fe re n c e s  o f each s p e c ie s .  

I t  i s  o f i n t e r e s t ,  n e v e r th e le s s ,  th a t  th e  A fric an  e lep h an t 

and th e  chim panzee, which n a tu r a l ly  sh a re  th e  same h a b i ta t  

and e a t  th e  same type  o f n a tu r a l  d i e t  (w ith  th e  a d d i t io n  

o n ly  o f in s e c ts  and^some other^anim al^  m a tte r  in  th e  case  

o f th e  chim panzee) a re  th e  on ly  two sp e c ie s  in  w hich, in  

th e  p re s e n t su rv ey , e x te n s iv e , l i p i d - f i l l e d  p a r t i a l l y -  

o c c lu s iv e  in t im a i p laq u es o f th e  a o r ta ,  co ronary  and o th e r  

m uscular a r t e r i e s  were f o u n d (I ^ 13^

In  b o th  sp e o ie s  th e se  f in d in g s  were lin k e d  w ith  

s t r e s s e d  h a b i t a t s ,  a lth o u g h , as  m entioned above, no 

chim panzees o f com parable age could be examined from a 

t r u l y  n a tu ra l  "co n tro l*  h a b i t a t ,  as was p o s s ib le  w ith  th e  

e le p h a n t .
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The d is t r ib u t io n  of th e  l i p id  p laques in  th e  a o r ta e  

i s  shown in  PIG. II p  and th e  la rg e  p a r t i a l l y  o c c lu s iv e  

p laque in  th e  o r i f i c e  of th e  a n te r io r  m esen te ric  a r te r y  in  

P l a t e p  . The occurrence of f a t t y  s t r e a k s ,  l i p id  

i n f i l t r a t i o n s  o f th e  a o r t i c  w a ll , and l ip i d  patches in  th e  

c a ro t id  and i l i a c  a r t e r i e s  in  c a p tiv e  chimpanzees was re p o rte d  

by F in layson  (19^5), Hamerton (1941) and in  w ild chimpanzees 

by Pox ( 1939 ) and V astesaeger & D eloourt ( I 96 I ) .

F ie ld  d a ta

S pec.N o . Sex Body w t. 
kg

L ength
cm

H eig h t
cm

H e a rt w t.
e

N otes

M.9 8  . m 48 82 82 202.6

M.102 f 22 6 8 .5 64 1 0 3 .9

Colobusf B lack and White

Two m ales, 1Î.11 and M .lO l, were c o l le c te d ,  bo th  in  

•s tre ssed *  h a b i ta ts  as reg a rd s  th e  d is tu rb e d  c h a ra c te r  o f 

th e  f o r e s t  and i t s  co n seq u en tia l i s o l a t i o n .

In tim a i l i p i d  d e p o s its  in  th e  c o l l a r s .o f  th e  o s t i a  

o f th e  a o r ta  and on th e  r id g e s  a t  th e  b ifu rc a t io n  were 

noted in  M .ll , b u t no s tr e a k s  or p laques occurred  o th e rw ise . 

In  M .lO l, however, which was an o ld e r  an im al, s tre a k s  were
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found in  p o rtio n s  I ,  I I I  and V of th e  a o r ta ,  in  a d d it io n  

to  heavy d e p o s its  anund th e  o s t i a  of th e  o o e lia o , a n te r io r  

m esen te ric  and re n a l a r t e r i e s ,  as w ell as in  th e  coronary 

a r t e r i e s  n ea r th e  o s t i a l  re in fo rcem en t ramps.

F ie ld  d a ta

Spec. No. Sex Body w t. 
kg

Length
cm

Height
cm

H eart wt. 
S

Notes 1

M.lOl m 7.0 125 39.0 34.8
M .ll m - 119 39.5 -

G alago, Senegal

One g a la g o ,  a  m a tu re  f e m a le ,  (M .144) was o o l l e c t e d ,  b u t  

t h e  spec im en  was e x t e n s i v e l y  damaged by th e  s h o t ,  and o n ly  

a p o r t i o n  o f  t h e  t h o r a c i c  a o r t a  was s u i t a b l e  f o r  e x a m in a t io n .  

M inute  t r a c e s  o f  l i p i d  were d e t e c t e d  i n  th e  c o l l a r s  o f  th e  

o s t i a .

F ie ld  d a ta

Spec.No. Sex Body wt. 
kg

Length
cm

H eight
cm

H eart w t . 1 Notes 

« ;

M.144 f .0*213 40.5 9 .0
1
j.!
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Monkeyf Blue (Sykes*)

Two males and one fem ale were c o lle c te d  (M. 142,140 

and 139), No unusual f e a tu re s  of th e  h e a r t and a o r ta  

were n o ted , and tr a c e s  of l i p id  confined to  th e  o s t i a l  

c o l la r s  o f the  a o r ta  were p re se n t in  a l l  specim ens, being  

p a r t i c u la r ly  d i s t i n c t  around th e  o s t i a  of th e  c o e lia c  and 

a n te r io r  m esen te ric  and re n a l a r t e r i e s ,  and a t  the b i

fu rc a t io n  in  specimen N#142, a la rg e  m ale. No o th e r 

l ip id  p laques or s tr e a k s  were d e te c te d .

F ie ld  d a ta

Spec.No. Sex Body wt. 
kg

Length
cm

H eight
cm

H eart wt. 
S

Notes

M.142 m 8 .5 140 - 47
M.I40 m 3 .5 102 - 17

M.I39 f 2 .5 94 29 10.6

Monkey, V ervet

Of th e  s i x  specimens c o l le c te d ,  only N.44, N .I48 and 

M.4 5  had sm all in tim a i l i p i d  s tr e a k s  in  th e  a o r ta ,  in  addi« 

t io n  to  th e  normal l ip id -c o n ta in in g  s i t e s  in  th e  o s t i a l  

c o l la r s  in  th e  a o r ta ,  coronairy, c a ro t id  and b ra c h ia l  a r 

t e r i e s .  In  th e  two young males (W.4 6  and M.47) in tim a i
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l i p i d  was o n ly  d e te c te d  a t  th e  o s t i a  o f  the c o e l ia c  

and m esen ter ic  a r t e r ie s  smd th e  d o r sa l re in fo rcem en t  

r id g e  a t  th e  a o r t ic  b ifu r c a t io n .

F ie ld  data

Spec.No. Sex B o ^  w t. Length H eight H ea |t w t. Notes

M.44 m 5 .5 99 28 12

M.141 m 3 .3 100 -

M.146 m 2.8 94 1 3 .4

N.4 6 m 1 .4 79 20.2 -

K.4 7 m 1.4 79 2 4 .0 -

M.4 5 f 3 .4 99 I 28 12

PROBOSCIDEAi s e e  V o lf  I I ,  pp

RODENTIA

Spring Hare

One mature male (M.?6 ) was c o l l e c t e d .  No unusual 

fe a tu r e s  o f th e  h ea r t and a o r ta  were n o ted , and m inute  

sp eck s o f  in t im a i su d a n o p h ilic  d e p o s it s  could  be d e te c te d  

w ith  a hand le n s  in  th e  o s t i a l  c o l la r s  o f th e  a o r ta . These 

were n o t s e c t io n e d , and no o th e r  in t im a i l ip i d  was d e te c te d  

in  th e  a o r ta .

I t  i s  perhaps o f  g e n e ra l z o o lo g ic a l  in t e r e s t  to  n o te



t h a t ,  p îo n tra ry  to  a sta tem en t made by R is le y  (I9 6 6 )  th a t  

no anim al e a ts  th e  B ast A fr ican  sa g e  bushe&I} th e  stomach  

o f  t h i s  specim en con ta in ed  o n ly  th e  w e ll-m a s t ic a te d  le a v e s  

o f  th e  sa g e  bush. The anim al was f a t  and in  e x c e l le n t  

g e n e ra l c o n d it io n ;  r e s id e n t  in  h igh  ranchland which had 

e x te n s iv e  sa g e  bush c o v er , and a good p o p u la tio n  o f  sp r in g  

h a r e s .

F ie ld  d a ta

Spec.No. Sex Body w t. 
kg

Length
cm

H eight
cm

H eart wt. 
g

Notes

M.76 m 2 . 8 8 4 - 1 1 .4

Mole (ro d e n t)  -  Cryptomys s p .

One male was c o l l e c t e d .  In tim a i l ip i d  was d e te c te d  

in  th e  a o r ta  o n ly  a t  th e  soar  o f  th e  d u c t . a r t .  and around 

th e  o s t i a  o f  th e  c o e l ia c  and a n te r io r  m esen ter ic  a r t e r i e s .  

F ie ld  d ata

Spec.N o. Sex Body w t. 
kg

Length
cm

H eight
cm

Heart w t. 
g

N otes

M. 8 1 m 0 .3 2 5 2 8 - 0 . 8
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^gchcrv̂ j> . TABLE lO

S u s o e p t lb i l i ty t  Mammal#

( i )  L ipid occurrences confined to  s p e c i f ic ,  anatom i

c a l ly  c o n s ta n t, o s t i a l  c o l la r s ,  rampe and r id g e s ,

and in te rm e d ia te  •bands’ and ’ th re a d s ’ , uncom plicated 

by d is ru p tio n  of th e  I . E . l .

( i i )  Widespread ’smudges’ and d if fu s e  ’s t r e a k s ’ of in tim a i 

l i p i d ,  ex traneous to  th e  s i t e s  d esc rib ed  above, and 

a s so c ia te d  w ith  pregnancy an d /o r la c ta tio n *

(A li )Reported ’f a t t y  s t r e a k in g ’ in  taxonom ioally  eq u iv a le n t 

groups o f c a p tiv e  an im als.

( iv )  A therom a-like occurrences in v o lv in g  in tim a i p r o l i f e r a 

t io n  an d /o r m e tap la s ia ; w ith  or w ithout th e  d e p o s itio n  

of i n t r a -  or e x t r a - c e l lu l a r  l i p i d ,  m in e ra lis a tio n , and 

v a s c u la r is a t io n ;  and accompanied by d is ru p tio n  of

th e  I .E .L .

(v ) Reported cases of atheroma in  taxonom ioally  eq u iv a len t 

groups of c a p tiv e  an im als.

( v i )  M edial a r t e r io s c l e r o s i s .

( v i i ) A r te r i t id e s  a f f e c t in g  any o r a l l  la y e rs  of th e  a r t e r i a l  

w all and known to  be caused by in f e c t iv e  or p a r a s i t i c

organism s. ’
(MxA

( v i i i )  R eported cases o ^ a r t e r i t i d e s  in  taxonom ioally  

eq u iv a le n t groups o f c a p tiv e  an im als.
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TABLE lO ^c<mh) 

S u B c e p tib lllty t Mammals

O rder,Fam ily 
& sp ec ie s

i ) i i ) i l l )
«

"
iv ) ▼)

*
Vi) v i i  ) Viii)

»

ARTIODaCTYLA
Hippopotamidae

Hippo 4- ? 4 ? 4 ?

Suidae
Warthog + - 4 4 4 - 4

G ira ff id a e
G ira ff  e + 4* 4 - 4 -

Bovidae
B uffalo ? ? ? 1 4 4 -
Bushbuck + 4 -
Dikdik + - - - 1
Eland - i 4 4 1
Gerenuk + 1 4 - -
G az e lle ,G ra n t’s 4- i1 - - -
Gazell e , Thomson’s + - - -
H arteb eest + 4 ►4 - ^4 - - 4
Impala 4- - 4 -
K lip sp rin g e r - - -
Kob 4" 4 - -

Kudu, Lesser 4* - 1 - -
O rib i 4* 4 -

1 - -
Oryx 4- 4 4 4 -

Reedbuck 4- 4 - - -
Steinbok 4" - 4 - '

*( see  over)
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Ta ble  lo

S u e o e p t i b l l i t y t  Mammals

O rder, Family 
& sp ec ie s  (c e n t)

i ) i i ) i i i )
»

iv ) V)
«

v i ) v i i ) v i i i )
«

CARNIVORA ,

V iv errid ae
C ivet - - - - -
Genet - 4 - - - - 4
Mongoose,
w h ite - ta i le d - - - - -

Hyaenidae 
H yaena,spo tted  
H yaena,striped

4
4

4
}

- - 4
4 !■ ’

P ro te lid a e
Aardwolf - - ? - ? - - ?

Canidae
Dog,Cape hun ting 4 - - -

P ox ,B at-eared 4 . 4 4 — -

Ja c k a l,
b lack-backed 4 J 4 - - '

F e lid a e
C a t,T a ita  w ild 4 - - 4
Lion 4 4 - - - 4
S erva l 4 - - - -

HIHACOIDEA
•

P ro cav iid ae
H )rax, ro ck  

(Hyrax, t r e e )
4
4 4 -

1
k -J

♦( s e e  o v e r )
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TABLE lO^covxk) 

S u s c e p t i b i l i t y ;  Mammals

O rder, Fam ily 
& s p e o ie s ( c o n t . )

i ) i i ) i i i )
«

iv ) V)
*

v i ) V ii) v i i d
«

LAGOMORPHA
Leporidae 
Hare, Cape - ? - ? - ?

PERISSODACTYLA
R hinocero tidae  

R hinoceros, b lack 4 » ? . . ? ?

Eguiidae 
Z e b ra ,B u rc h e ll•s 4 ? 4 4 ? - - 4

11
4

PRIMATES
Pongidae

Chimpanzee 4 - 4 4 4 - -

C erco p ith ec id ae  
Colobus 4 — -i 4 —

Blue monkey 4  ̂ 4 - 4 k 4.

V ervet 4 J -

Lemuridae 
Galago, Senegal 4 4 - 4

PEOBOSCIBEA
E lephan tidae  

£1  ephan t, A fric an  
savannah 4 4 4 4 4

RODENTIA 
P ed etid ae  

S pring  h are 4
B athyerg idae 

Mole r a t +
--------

-

> 4

-
r

-

♦ ( d e r iv e d  a s  c o n s i s t e n t l y  a s  p o s s i b l e  from  F in l a y s o n  ( 1 9 6 5 ), 
L in d say  & C h a ik o f f  ( I 96 ) ) ;  F ie n n e s  ( I 9 6 5 ) , and F in la y s o n  & 
Symons ( I 9 6 4 ) .
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B i r d s

A t o t a l  o f  25 s p e c i e s  o f  b i r d s ,  r e p r e s e n t i n g  9 O rd e rs ,  

v^âo c o l l e c t e d .  The h e a r t s  ( f t h e  f i r s t  s e v e n  sp ec im ens 

c o l l e c t e d  ( B . l  -  B .7 ) were s e n t  to  Dr. H. F in la y s o n  f o r  

e x a m in a t io n  and comment, b u t  a s  y e t  t h e  f i n d i n g s  a r e  n o t
aorl"(Xü orily £&ri|—'jy  ̂ '^e.ArH CojA ûorkv*-

a v a i la b le .  The r e s u l t s  from^specimens B.8  -  B.4 6  a re  

th e re fo re  only b r i e f ly  summarised h e re , as i t  was f e l t  

th a t  i t  would extend th e  scope o f th e  stu d y  beyond one’s 

own working c a p a c ity , and the  l im i t s  of a v a i la b le  tim e and 

equipment, to  a ttem p t to  make th e  b ird  stu d y  in  any way 

d e ta i le d  a r  com prehensive.

I t  was, however, noted th a t  e a r ly  f a t t y  s tre a k in g  and 

d i s t i n c t  f a t t y  p laques in  th e  a o r t i c  in t im a ,o f the  type 

d escrib ed  by F in layson  (1965) in  c a p tiv e  w ild b ir d s ,  

occurred in  se v e ra l of the  specimens c o l le c te d .  These 

occurrences were most e x ten s iv e  in  the  two o s tr ic h e s  

(M.25 and %. 29) and in  th e  g re a te r  b u s ta rd s  (B .23 , 2 6 ,3 1 ,5 / 

and 3 2 ) . In  no case was any advanced p laque seen , which 

could have had even a p a r t i a l l y  o cc lu s iv e  e f f e c t  on th e  

v e sse l in  which i t  was s i tu a te d .

/ table
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TABLE II. 

S u s c e p t i b i l i t y ;  B ird s

Order & sp e c ie s  
(a lp h a b e t.a r ra n g e d )

Spec.
No.

Sex . Body w t. 
S

In tim a i 1 
l ip id  
s tr e a k s  
& plquB. 
in  a o r ta

3us% ' 
in
ca p t
i v i t y

CICONIIFOfiMES 
Heron, p u rp le B.3 m 950 w

— do — B.13 f 1580 - .+■
Heron, squaccc B.14 f 256

I b i s , hadada B.IO m 1125 +
S to rk , s a d d le b i l l B.20 f 5000 44- 1-^
S to rk , w oolly-necked B.21 m 2000 - t

COBACIIPORMES
H o rn b ill, ground B.22 m 3460 -
— do — B.40 m 3150 -
— do — B.4 I m 3400 + r

-  do - B.4 4 f 3540 -M- -H
H o rn b ill, r e d - b i l le d B.2 4 m 217 -

CUCULIFORMES
Turaco, H artla u b ’s B.3 5 m 2 3 8 .5 - . 9

PALCONIPORMES
Buzzard, augur B.6 - - •f 1
Eagle, b a te le u r B.4 3 m 2400 -H- i 4-
E agle, f i s h B .I 5 t 3050 + !
E agle, tawny B.7 f 2115 44- !
S ecre ta ry  b ird B.2 6 f 3000 4- j
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TABLE II (conO 

S u s c e p t ib i l i t y #  B ird s

Order & sp e c ie s  
( c o a t . )

SpeOeBo.

' '  i '1

Sex Body w t.
e

In tim a i 
l ip id  
s tr e a k s  
& p iques 
in  a o r ta

Sus cep t .  
in
c a p t iv i 

ty

-•

V u ltu re , % y p tia : 1 B.3 0 f 2115 - 1

V u ltu re , hooded
i

— do —

3.8 f

B.1 9 m . 2260 -

— do — B.3 8 m . 2000 4.
— do — B.3 9 ffl . 2000
-  do - B.4 2 2247 >

V u ltu re ,
w hite-backed B.1 8 a 5100 —

— do — B.3 8 f "4500 +

V u ltu re ,
w hite-headed B.3 7 m 5100

ÔALLIFOJRKES
Gulneaf owl, 

helm eted B.4 5 m 1800 —
1

— do — B.4 6 m 1700 - j  "

OHOIFORKES
B ustard , Kori B.2 3 f 5300 -f 1

— do — B.2 6 m 10200

-  do -
— do —

B.2 7

B.3 1

f
f 5000 ++ ■ ?

— do — B.32 f 7000 +++ •
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TABLE II [ttyJr) 

S u s c e p t i b i l i t y t B i rd s

O rder & S p e c ie s  
( c e n t . )

S pec . No, Sea Body wt I n t im a i  
l i p i d  
s t r e a k s  
& p iq u e s ,  
i n  a o r t a

S u s c e p t
i n
c a p t iv i -

t y

P2LECANIP0EKES

C orm orant,
l o n g - t a i l e d

-  do —

C orm oran t,
w h i te -n e c k e d

-  do —

-  do -  

B a r t e r

-  do -

P e l i c a n ,  w h i te

-  do —

PSITTACIPORIÆS

P a r r o t ,
r e d -h e a d e d

-  do -

STHÜÏHIONIPOB24ES

O s t r i c h

-  do -

B.2

B . 4

B . 9
B . l l

B.12

B . 5
B . 1 7
B . l

B.16

B . 3 3
B . 3 4

B .2 5
B.29

f

m

f

f

f

f

f

f

f

m

m
f

520

500

450

500

5 4 0

4500

6300

241 

254

136 ,400

131,000
-H44-

I .

} 4-

4-
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Ë. Chapter summary

1. The tech n iq u e  adopted fo r  m ounting, m easuring, and 
d e sc r ib in g  a l l  th e  a o r ta e  was th e  same as th a t  used fo r  
e lep h an t a o r ta e ,  which re q u ire d  a s l i g h t / l y  s p e c ia l is e d  
tech n iq u e , due to  t h e i r  la rg e  s iz e  ( o h . l l ,p p  383 -  3 8 4 )*

S ec tio n  A ( p p .137 -  139)
2. Thickenings of th e  a r t e r i a l  w all f re q u e n tly  noted by 
prev+fjus workers to  be a s so c ia te d  w ith  th e  fo rm atio n  o f a th e ro 
matous p laq u es , bu t suggested  by some (n o tab ly  French & Jen n in g s, 
19655 F in layson  I 9 6 5 ) a c tu a l ly  to  be normal anatom ical su p p o rt
iv e  s t r u c tu r e s ,  were c lo s e ly  examined in  d i f f e r e n t  sp e c ie s  in  
th i s  p r o je c t .  They were found to  vary  somewhat in  s t r u c tu r e
in  d i f f e r e n t  s p e c ie s , th e  major v a r ia t io n s  ap p a re n tly  being 
r e la te d  to  th e  n a tu ra l  mode of l i f e  o f th e  s p e c ie s . I t  was 
found n ecessa ry  to  co in  th e  fo llo w in g  new term s in  o rd er t  o 
provide adequate scope f o r  d e s c r ip tio n s  'o s t i a l  c o l l a r s ' ,
•ram ps', and 'r i d g e s ' ;  and 's u p p o r tiv e  bands' and 't h r e a d s '.

S ec tio n  B (p p .140 -  144)
3 . The ca rd io v a sc u la r  f in d in g s  in  42 mammalian and 25 av ian  
sp e c ie s  have been d e sc r ib e d , sp e c ie s  by s p e c ie s , in  a lp h a b e tic a l  
sequence (E n g lish  nom encla tu re) w ith in  each o rd e r , th e  o rd ers  
them selves a lso  being arranged  in  a lp h a b e t ic a l  sequence*
S cale  draw ings, based on th e  mean measurements o f th e  a o r ta e  
of a d u lt  specimens r e p re s e n ta t iv e  of th e  main sp e c ie s  a re  g iven  
in  FIGS 2 (p 1 5 1 ), 3 (p 1 5 4 ) , 4 (p 161), 5 (p 172), 6 (p I 7 6 ) ,
7 (p 1 8 1 ) , 8 (p 1 9 6 ) , 9 (P 203), 10 (p 207) and 11 (p 213).

The p resen ce  of v a r ia b le  amounts of l ip id  in  th e  o s t i a l  
c o l l a r s ,  ramps and r id g e s ,  and su p p o rtiv e  bands and th re a d s , 
was found to  be alm ost u n iv e rsa l in  mammals, th e  only excep tion  
being very  sm a ll-s iz e d  specimens ( in  th e se  cases th e  teohnjqies
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used may have been in s u f f ic ie n t ly  s e n s i t iv e  to  d e te c t  Msry 
m inute l ip id  d e p o s its )  and zebra* In  th e  l a t t e r  s p e c ie s , 
only  tra c e s  of l ip id  were d e te c te d  in  th e  a o r ta e  of m ales, 
and d if fu s e  in tim a i 'sm udges' in  two p regnan t fem ales*

In b i rd s ,  no a o r t i c  l ip id  was d e te c te d  in  th e  a o r ta e
VW

of the  o rd ers  C u cu liformes, G a l l i f ormes, P e le c a n iformes and 
P s i t t a c i f ormes, bu t in  examining th e  b ird s  i t  was n o t p o s s ib le  
in  th e  tim e a v a ila b le  to  make any d e ta i le d  s tu d y  of th e  
normal in te r n a l  anatomy of th e  a o r ta ,  and i t  may be th a t  
m icroscopic d e p o s its  o f l i p i d  have been overlooked*

In tim a i l ip i d  d e p o s its  a p p a re n tly  in c re a se  norm ally  
in  l a c ta t in g  an d /o r p regnan t fem ale mammals in  n a tu ra l  
cond itions*

P a r t ic u la r ly  in te r e s t i n g ,  s p e c i f ic  c h a r a c te r i s t ic s  
o f th e  a r t e r i a l  su p p o rtin g  s t r u c tu r e s  were noted in  th e  

hippopotamus (p 142 and pp I 64 -  172), th e  rh in o c e ro s , and 
th re e  a r id -a d a p te d  s p e c ie s , th e  s te in b o k , gerenuk and 

k lip sp rin g e r*  In  th e  l a t t e r ,  th e  su p p o rtiv e  th ick en in g s  
in  th e  reg io n  of th e  o r ig in  of th e  c o e lia o  and a n te r io r  
m esen te ric  a r t e r i e s  were s t r u c t u r a l l y  m odified and were 
thought to  fu n c tio n  as a v a lv e ,c o n tro l l in g  blood flow  w ith in  
th e  a o r ta .  M o d ifica tio n  in  th e  arrangem ent and number of 
branch a r t e r i e s  o r ig in a t in g  in  th e  a o r ta  a lso  su p p o rt 

t h i s  view*
Medial c a lc i f i c a t io n  of th e  abdominal or m uscular 

p o r tio n  of th e  a o r ta  and o th e r  m uscular a r t e r i e s  was 
common in  th e  U ngulates, b u t seemed to  be unim portan t in  
o th e r  g roups. S ec tio n s C & D ,(pp 144 -  226a)



-  SliLY -

R e fe re n c e s
VOM Cx. ( M 6 3 )  . A h v  Â <xy.
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PLATE X

(a )  B uffalo  h e a r t ;  l e f t  l a t e r a l  eispect.

(h ) As above; v e n tra l  view . F ib ro u s ,

e p ic a rd ia l  ta g s  a re  in d ic a te d  by arrow s.

(c )  H eart of g i r a f f e ;  M.54 (y o u n g ,ad u lt fem ale)

(d ) H eart o f g i r a f f e ;  M.126 ( e ld e r ly  m ale).

Si
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PLATE X
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PLATE XI

(a )  H eart of e lan d , M.64 ( e ld e r ly  m ale) 

v e n tra l  view .

(b ) As above, d o rsa l view .

(c )  H eart, a o r ta  and k idneys of gerenuk, H.53

(d ) H eart (w ith  pericard ium  a tta c h e d )  and 

a o r ta  of kob M.34, showing f ib ro u s  

p e r ic a r d ia l  and e p ic a rd ia l  'ta g s * .
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PLATE XI

a

I
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PLATE XII

(a )  H eart and a o r ta  of o ryx , M.5I .

(b ) I n te rn a l  su rfa c e  of a o r ta  (u n s ta in e d )  of 
oryx M.5I ,  showing p o s i t io n  o f th ickened  
f ib ro u s  band (see  p )#

(c )  V en tra l view of h e a r t  of h a r te b e e s t  M.37# 
w ith  s u b -e p ic a rd ia l  p a r a s i t i c  c y s t near 
apex of l e f t  v e n tr ic le #
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PLATE XII

îmrn

\

4
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PLATE X III ...
m m

m -

(a )  H eart, a o r ta  and k idneys of l io n ,  M.39*

(b ) H eart, a o r ta  and k idneys of l io n ,  M.57*

(c )  H eart o f l io n e s s ,  N.5 6  (very  e ld e r ly ) ,  

v e n tra l  view.

(d ) As above; d o rsa l view.

(e )  H eart and a o r ta  of ja c k a l M.52.
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PLATE XIII

é

»
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PUTE XIV

m

( a )  H e a r t  o f  z e b ra  M.50 ( v e n t r a l  a s p e c t ) .

«
(b )  Heart o f  z e b r a  M.63 ( v e n t r a l  a s p e c t ) .

( c )  H e a r t  o f  r h i n o c e r o s  M.128  ( d o r s a l  v ie w ) .

( d )  As above; v e n t r a l  view,
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PLATE XIV
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■PUTE XV

( a )  B u f f a lo ,  M.15 , ;  s a g i t t a l  s e c t i o n  o f

aneurysm  a t  a n t e r i o r  end ( P o r t i o n  I )  o f

a o r t a ,  a s s o c i a t e d  w i th  t h e  p r e s e n c e  o f  

E la e o p h o ra  p o e l i . (Sudan IV s t a i n ) .

( h )  T rack s  o f  O nchocerca  a r m i l l a t a  i n  a o r t a

( p o r t i o n  l )  o f  b u f f a l o .  (Sudan IV s t a i n ) .

( c )  I n t e r n a l  s u r f a c e  o f  a o r t a  o f  e la n d  (M .64), 

show ing norm al o s t i a l  s u p p o r t i v e  s t r u c t u r e s .

( d )  I n t e r n a l  s u r f a c e  o f  a o r t a  o f  h ip p o ,

show ing  no rm al o s t i a l  s u p p o r t i v e  s t r u c t u r e s ,  

s e e n  h e re  t o  be more p ro m in e n t  t h a n ,  f o r  

exam ple , t h o s e  o f  e la n d  ( c ) .
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PLATE XV

r
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PU TE  XVI

■ ■■ '" 'A /.  A': ( a )  TS. o f  r i g h t  o^ on tà^ y  a r t e r y  o f

r h i n o c e r o s ,  M.128 , a t  t h e  o s t iu m  o f  

a  m inor b ra n c h ,  show ing  th e  s l i g h t  

t h i c k e n i n g  o f  t h e  i n t im a  o f  t h e  o s t i a l  

• c o l l a r *  (Haemalum, x  ) 0 ) .
dr. ■ ' '.;A\ ,

(b )  TS o f  a  f a t t y  p la q u e ,  i n  a o r t a  o f

e la n d  M.64, u n a s s o c i a t e d  w i th  norm al

s u p p o r t i v e  s t r u c t u r e s  (Sudan IV and

haemalum, x  $0 ) .  Arrows i n d i c a t e

s m a l l  s u b e n d o t h e l i a l  d e p o s i t s  o f

s u d a n o p h i l i c  l i p i d .  S l i g h t  d i s r u p t i o n

o f  t h e  i n t e r n a l  e l a s t i c  l a m e l l a  had ;
-  - J

o c c u r r e d .  .1

%

■j;
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PLATE XVI

# # # A
(a)

•li-
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PLATE XVII

LS. pulm onary  a ro h  o f  h ip p o ,  M.89, 

show ing v e g e t a t i 6ns(haem alum ). ■̂■5ï -

m ‘ t

jà" •

( h )  LS. endocard ium  o f  r i g h t  v e n t r i c l e  o f  

h ip p o ,  M.89; shew ing  v e g e t a t i o n s  

(haem alum ).

( 0 )  LS* r i g h t  a o r t i c  s i n u s n e a r  o r i f i c e

o f  c o ro n a ry  a r t e r y ,  show ing i n t i m a i
V iSL^k

%  i r r e g u l a r i t y  m a c ro s c o p io a l ly ^  as

•roug hness*  (haem alum ).
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p l a t e  XV11
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PLATE X V III

( a )  C y st, su p p o sed ly  p a r a s i t i c ,  p ro tru d in g  

in to  th e  lumen o f  th e  a o r ta  o f  h ip p o , W,2 6 . 

D iffu s e  su d a n o p h ilic  d e p o s it s  occur in

th e  m edia. The I .E .L . i s  d is r u p te d .

(Sudan IV and haemalum).

(b )  S u b e n d o th e lia l l ip i d  d e p o s it s  in  th e  

th ick en ed  in tim a  o f  a sm a ll p laque in  

p o r tio n  I  o f th e  a o r ta  o f  a b u f f a lo 

(Sudan IV and haemalum).

( c )  A c ir c u la r  in t im a i ’ b u tto n * , o v e r ly in g  a 

sm all c a l c i f i c  m ed ial d e p o s it  in  P o r tio n  I  

o f  th e  a o r ta  o f  a h ip p o . The e la s t io a

i s  d is r u p te d , but th e  th ick en ed  in tim a  

c o n ta in s  no l ip i d  d e p o s i t s .

(d )  ( e )  A t in y ,  f ib r o u s  in t im a i * b u tto n * , devoid  

o f  l ip i d  d e p o s i t s ,  but w ith  r e -d u p lic a te d  

I .E .L . , and s l i g h t  d is r u p t io n  o f  th e  un der-  

ly in g  m ed ia l e l a s t i o a ,  in  per t i e n  I- e f  the- 

ae mtfc o f  a hippo (Sudan IV and haemalum).
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PUTE XIX

(a )  M.5 4 ; g i r a f f e .  E x ten siv e  f ib r o u s  p laq ue

in  abdom inal a o r ta , c o n ta in in g  no l ip i d  

d e p o s i t s ,  but some r e - d u p l ic a t io n  o f  th e  

I .E .L . and some d is r u p t io n  o f  th e  m edial 

e la s t io a  (V erh o eff and Van G ieson s t a i n ) .

(b )  TS. o f  th e  ostium  o f  a sm a ll branch o f  th e  

coronary a r te r y  o f  M.I24 show ing th e  

su p p o r tiv e  th ic k e n in g  or 'c o l la r *

(V. & V.G. s t a i n ) .

( c )  Normal su d a n o p h ilic  l ip i d  d e p o s it s  in  th e  

deep su b e n d o th e lia l  t i s s u e  o f th e  in tim a  

o f  th e  su p p o r tiv e  'ramp* o f  th e  ostium  o f  

a coronary branch. G ir a ffe  M.1 2 4 .

(d)

. • ■ ' V

Deep m ed ia l  c a l c i f i c  d e p o s i t  i n  th e  a o r t a  

o f  g i r a f f e ,  M.126. The o v e r ly in g  in t im a  

i s  s e e n  t o  be  th ic k e n e d  and f i b r o u s .  The 

c a l c i f i c  l e s i o n  was l o c a l i s e d  and s u g g e s t s  

a p o s s i b l e  r e a c t i o n  to  fo rm e r  p a r a s i t i c  

a c t i v i t y .
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LS. o f  t h e  l e f t  d o r s a l  6t h  o s t iu m  o f  p o r t i o n  I  

o f  t h e  a o r t a  o f  a  h ip p o i

( a )  t h e  c e n t r e  o f  t h e  o s t i a l  d e p r e s s i o n ,

show ing a s m a l l  d e p o s i t  o f  l i p i d  i n  t h e  

th ic k e n e d  i n t i m a .  The I . E . L .  p e t e r s  

o u t ,  a s  do t h e  m ed ia l  e l a s t i c  l a m e l l a e ,  

tow ard s  t h e  c e n t r e  o f  t h e  o s t i a l  d e p r e s s io n ;

( h )  t h e  r im ,  o r  ' c o l l a r * ,  o f  th e  same o s t iu m

show ing a  s l i g h t l y  t h ic k e n e d  in t im a  w i th  

a  wavy I . E . L .  ( s u g g e s t i n g  a d d i t i o n a l  

e x t e n s i b i l i t y )  o v e r l y i n g  a  th ic k e n e d  

c i r c u l a r  hand c o n s i s t i n g  m a in ly  o f  smooth 

m u sc le .  The e l a s t i c  l a m e l l a e  o f  t h e  

m edia  a r e  h e r e  s e e n  to  t e r m in a t e  r a t h e r  

a b r u p t l y  w here  th e y  a b u t t  on th e  c o l l a r  o f  

sm ooth m u sc le fE ^  In  t h i s  p a r t i c u l a r  s e c t i o n ,  

l i p i d  d e p o s i t s  were a l s o  found  i n  t h e  in t im a  

o f  t h e  'r a m p * ,  j u s t  beyond t h e  edge o f  th e  

p h o to g ra p h
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PLATE XXlij

%m-k»

'Ï V  - •»

,e."- ■■

( a )  TS# normal c a ro t id  a r te r y  (n ea r c a ro tid  
b i f u r c a t io n ;  o f g i r a f f e  %#126 ehoving 
r id g e d , f ib ro u s  in tim a  co n ta in in g  sudano
p h i l i c  l i p i d  d e p o s i ts ,  which appear to  
belong to  a normal o u p p o rtiv e  'b an d '#

No d is ru p t io n  of th e  I#£#JU could be 
d e te c te d  by h igh-pover microscopy#
(iSudan IV and haemaluo)# z  )0#

(b )  TS. coamon i l i a c  a r te r y  o f b u ffa lo  (W#31) 
showing f ib ro u s  th ic k en in g  o f th e  in tim a , 
and ( r i g h t )  d u p lic a t io n  of th e  I#E#L#(,Dl 

M  (V# & V.Q# s ta in )#

I ; # 3-Ü6' "A -

» L ( r.̂ -2
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PUTE XXII

( a )  I l i a c  a r t e r y  o f  b u f f a lo  showing 

th ic k e n e d  in t im a ,  d i s r u p t i o n  o f  t h e  

I . E . L , ,  and a heavy c a l c i f i c  d e p o s i t i o n  
on what was p ro b a b ly  th e  o r i g i n a l  I .E .L .  

(Haemalum, x 50)•

(b )  P o r t i o n  ( i )  o f  ( a )  above, s t a in e d  w i th- 

Sudan IV -and h a e m a to iy l in  (»  100y.

Replacem ent o f  th e  frag m en ted  I .E .L .  

w ith  a c t i v e  p r o l i f e r a t i o n  o f  m acrophages 

and f i b r o b l a s t s  has  o c c u r r e d .  P resum ably 

t h i s  l e s i o n  i s  caused by a t i s s u e  r e a c t i o n  

f o l lo w in g  th e  p a ssa g e  o f  O nchocerca a r m i l l a t a  

i n  th e  v i c i n i t y  o f ,  o r  even th ro u g h ,  t h e  

I .E .L .  ( G u r r 's  NRG s t a i n ,  x 100) .

( c )  T is s u e  r e a c t i o n  i n  t h e  media o f  th e  a o r t a  

o f  a  b u f f a l o ,  where numerous burrows of

0 . a r m i l l a t a  o c c u r re d  ( G u r r 's  NRG s t a i n ,  x 400)
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PLATE XXIII

(a )  Atheromatous p laque in  a o r ta  

rj;itîJ o f male chimpanzee, M.9 8

(su d a n o p h ilic  l i p id  shows' d a rk ) .- 3%. %

%

g S r f # S ’. r

EM  BÀ
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C hapter 7

O ther T raum atic> C ongen ita l and P a th o lo g ic a l
C onditions

In  t h i s  c h a p te r , a t te n t io n  i s  drawn to  on ly  a few 

s e le c te d  cases which a re  r e le v a n t  in s o fa r  as they  may 

have caused a s i t u a t io n  s t r e s s f u l  to  th e  in d iv id u a l 

anim al concerned, th u s  p o s s ib ly  a f f e c t in g  d i r e c t l y  or 

i n d i r e c t ly  th e  normal fu n c tio n in g  of th e  ca rd io v aso u la r 

system . I t  i s  a lso  o f i n t e r e s t  to  reco rd  s e le c te d  oases 

o f tra u m a tic  o ccu rrences in  th e  w ild  s t a t e  in  r e l a t io n  to  

in d iv id u a l  s u rv iv a l c a p a c ity  -  e .g .  th e  l io n e s s  (M.57) 

and th e  g i r a f f e  (M .126).

The sy s te m a tic  h is to -p a th o lo g ic a l  exam ination  of th e  

whole r e fe re n c e  c o l le c t io n  of s l id e s  made from t i s s u e  

s l i p s  tak en  from th e  main body o rg an s , as au topsy  r o u t in e ,  

i s  however pending . I t  i s  hoped th a t  th i s  may be completed 

as a s e p a ra te  s tu d y  in  th e  n ear f u tu r e .

Cases w ith  heavy p a r a s i t i c  in f e s t a t io n s  causing  

im paired  g e n e ra l c o n d itio n  a re  d e sc rib e d  in  oh. 4i PP "^2-/10 

AHTIODAGTYLi

B u ffa lo

( i )  S cars due to  f ig h t in g ,  wear of th e  u n d ers id e  o f 

th e  horns o f o ld  anim als due to  th e  f l i c k in g  of th e  e a rs .
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b lin d n e ss  and lameness a re  f a i r l y  common trau m a tic  

occurrences*  B lindness may be caused e i th e r  by in ju ry  

o r by th e  p resence  of th e  Nematode worms T h e laz ia  rh o d e s ii  

(se e  oh.4» P /  ) .

( i i )  In  specimen U«30> an u n id e n tif ie d  or ^ a n about 5 cm 

in  d iam e te r, ap p a re n tly  a d isp la c e d  ovary, o r p o ss ib ly  an 

ec to p ic  pregnancy, was lo c a te d  in  th e  abdominal c a v ity , 

a tta c h e d  on one s id e  by a tw is ted  connective  and v a sc u la r  

cord to  th e  u r in o g e n ita l  o rgans, and adheren t on th e  o th e r  

to  th e  diaphragm .

( i i i )  Chronic pulmonary d is e a se  resem bling  th a t  

d e sc rib ed  by Thurlbeok a l . (19^5) and a s so c ia te d  w ith  

an in f e s t a t i o n  of th e  c a rd io v a sc u la r  system by Onchocerca 

a r m i l la ta  and E laeophora p o e li  (se e  ch. & f>f>

was seen  in  specim ens M.30 and M.31. These specimens 

were k i l l e d  in  th e  same lo c a l i t y  as th e  f iv e  anim als exam

ined  by th e se  a u th o rs .

N.3 I  was very  em aciated eind extrem ely  f e e b le .  An 

aneurysm, I .5  cm in  d ia m e te r, caused by ^  p o e l i , was 

found in  h er a o r ta ,  in  a d d i t io n  to  burrows ty p ic a l  of 

0 . a r m i l la ta  (P la te  iV p S40  ) . I t  i s  not un reasonab le  to  

suppose th a t  such aneurysms a re  l i a b l e  to  ru p tu re  e v e n tu a lly ,



an event which may p a r t ly  ex p la in  th e  occurrence in  th e  

Queen E liz a b e th  N ational Park of th e  n a tu ra l  d ea th  of 

la rg e  numbers o f b u ffa lo  each year*- E qually , one may 

suppose th a t  th e  d e b i l i t a t i n g  e f f e c t s  o f bovine tu b ercu 

l o s i s  an d /o r a c t in o b a o i l ïo s is  (Thurlbeok 1 9 6 5 ) in  them

s e lv e s ,  even w ithou t c a rd io v a so u la r  co m p lica tio n s , may 

prove f a t a l  to  th e  Park b u ffa lo es*

G ira f fe

(i)Specim en M.125 was of co n s id e ra b le  i n t e r e s t  as reg a rd s  

th e  a b i l i t y  o f th e  sp e c ie s  to  su rv iv e  a t ta c k  and in ju ry .

T his was th e  s e n io r  b u l l  o f a mixed herd c o n s is t in g  of

one younger, m ature b u l l  and n in e  cows. He was a very

la rg e  g i r a f f e  (body w eight 1 ,3 1 0  k g . , h e ig h t a t  w ith e rs  335 om,

t o t a l  le n g th  n o s e - to - t a i l  4 8 ? cm) and c a r r ie d  on th e

w ith e rs  th e  deep s c a rs  o f a l io n  b i t e  and long  claw marks

down th e  r i g h t  f la n k . The th i r d  and fo u r th  r ib s  on th e

o f f  s id e  had been f r a c tu r e d ,  b u t had healed  n a tu r a l ly .

The s c a r  o f a deep b i t e  was c le a r ly  v i s i b le  a t  th e  base of 

th e  t a i l ,  and two s e t s  o f claw marks ra n  down both  q u a r te rs  

and h in d le g s  to  th e  hocks.

I t  was ev id en t th a t  t h i s  anim al had a t  some tim e 

been a tta c k e d  sim ultaneously^by  th re e  l io n s ,  b u t had managed



to  k ic k  them o f f ,  escape and reco v e r ( p la te  XXVli p ülZ  )*

In  seek in g  an ex p lan a tio n  of th e  case o f l io n e se  M*57 

(see  p (@(pl ), i t  i s  ap p a ren t th a t  l io n s  a re  no t always 

su c c e s s fu l in  h u n tin g , and do n o t always escape in ju ry  

them selves. Varaday (1 )6 6 ) f o r  example d e sc rib ed  a 

case  w itn essed  in  so u th e rn  A fr ic a , where two b u ffa lo  

k i l l e d  and tram pled a fu ll-g ro w n  l io n  which a tta c k e d  them.

A s u c c e s s fu l k ic k  from a b u l l  g i r a f f e  could cause extensive 

in ju r i e s  to  any a t ta c k in g  p re d a to r .

( i i )  Specimen M.124 was a cow ca rry in g  a f u l l - te r m  

fo e tu s  (50  k g ). I t  was n o tic ed  to  la g  badly behind a m ij^ 

herd  of some 29 g i r a f f e  to  which i t  belonged , emd was found 

a t  au topsy  to  have a somewhat a tro p h ie d  c y s t ic  and n e c ro t ic  

l i v e r  ( p la te  IX p 110 ) . The ad ren a l g la n d s , u su a lly  a 

y e llo w ish  co lo u r in  g i r a f f e ,  were d ark  re d , congested  and 

h e a v ie r  than  th o se  o f e i th e r  of th e  o th e r  two a d u l t  g i r a f f e  

c o l le c te d  in  t h i s  su rv ey .

CARNIVORA

C ivet

The case  of th e  young c iv e t  found dying  in  th e  Murchison 

P a l l s  N a tio n a l Park ( o h .6, p )has no t y e t been in v e s t i 

g a te d , no r th e  cause of th e  c o n d itio n  e s ta b l is h e d .  I t  i s
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hoped to  examine i t  f u r th e r  in  th e  near fu tu re*  A 

suspected  p o s s ib le  cause i s  r a b ie s ,  as th e  a n im a l's  

convu lsive behaviour when found resem bled oases seen in  

A fric a  by th e  au th o r  in  mongoose, and dom estic dogs and 

c a ts ,  p rev iously*  The s c i e n t i f i c  Iferden of th e  Park 

confirm ed o ccasio n a l occurrences o f ra b ie s  in  th e  area*

Lion

Specimen M.57 was a very  e ld e r ly  l io n e s s ,  whose be

hav iour was u n u su a lly  a g g re ss iv e . She f le d  w ith  th e  p r id e  

when th e  male l io n  %*56 was sh o t, and disappeared* The 

au th o r and a s s i s ta n t s  began to  tak e  measurements and '' 

p rep are  th e  autopsy on th e  male l io n ,  when th e  old l io n e s s  

was seen s ta lk in g  th e  p a r ty  through th e  th e m  bushes.

The p r id e  had been b a i te d ,  w ith  a w ild eb eest ca rcass  

suspended in  a t r e e ,  and she f i r s t  moved in ,  crouching 

under th e  b a i t ,  and then crouched te n s e ly  p re p a rin g  to  

sp r in g  on th e  working p a r ty .  She was sh o t a t  th a t  moment*

Post-mortem exam ination showed her to  be in  poor 

co n d itio n , her coat patchy  and d ry , her w eight very  low 

fo r  her h e ig h t and le n g th  (see  p . |<f7 ) and her te e th  worn* 

An old  s c a r  ac ro ss  th e  back of bo th  th ig h s  suggested  an 

old  b u l le t  wound. Hedgehog sp in es  in  her paws must have
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caused co n s id e rab le  d isco m fo rt, and th e  p resence of th e

sk in  and t a i l c f  a r a t  in  her stomach suggest th a t  she was

reduced to  a s ta rv a t io n  d ie t#  This may have accounted

f o r  h e r je a lo u s  p o ssess iv en ess  of th e  b a i t ,  and perhaps

even of the  ca rcass  of th e  male l io n .

The sk e le to n  was l a t e r  examined and th e  f in d in g s  a re

i l l u s t r a t e d  in  P la te  XXIV p <966 # The limb bones were

normal ( th e  t i b i a  and f i b u l a /  o f l io n ,  specimen M.39,

w ith  a n a tu r a l ly  h ea lin g  f r a c tu r e  a re  shown f o r  com parison)
w

b u t two r ib s  shojed evidence of a p rev ious f r a c tu r e .  The

p e lv is  and th o ra c ic  v e r te b ra e , however, were rem arkable

in  th e i r  asymmetry, th e  p r o l i f e r a t io n  of ex o s to ses , and

th e  a trophy  of th e  in te r v e r té b r a l  d is c  ly in g  between two

th o ra c ic  v e r te b ra e . Dr. P .P . S c o tt ( 1966 ) expressed  th e

op in ion  th a t  th e  in ju ry  which must have caused th e  r ib

f r a c tu r e ,  was no t n e c e s s a r i ly  r e la te d  to  th e  co n d itio n  of

th e  p e lv is  and v e r te b ra e ; th a t  th e  case d id  n o t resem ble

any caused p r im a r ily  by n u t r i t io n a l  d e f ic ie n c y  in  f e l in e s

known to  h e r; and th a t  i t  was her view th a t  i t  might be

a case of osseous m e ta s ta s is ,  a view to  which th e  f a c t  th a t  
( in  th e  f i e l d )

o v a rie s  were noted to  be ' c y s t i c ' perhaps lends some

su p p o rt.
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ugomo¥ pha'*

5 ^ " A frican  Hare ' '  ^

The Case of speo iaen  M*72 has a lre a d y  been mentioned 

(o h ,6, p ). The c l in i c a l  r e p o r t  i s  s t i l l  aw aited .
,  ̂  ̂-- I- * ' ^

PERISSODACTTLl "C. i CcÎ I ^ çjb

B hinocero8(M»128)

An ex ten s iv e  s ta r-sh a p e d  so a r on the f la n k  seems 

in d ic a t iv e  o f an in ju ry  in  c a l f  hood (P la te  XXYIl p 57jl ) .

I t  i s  an in te r e s t in g  p o in t fo r  sp e c u la tio n  as to  whether 

th e  s i r e  o r th e  dam of th e  sp ec ie s  may on occasion  i n f l i c t  

such an in ju ry  w ith  i t s  horn on a c a l f  d u rin g  d is c ip l in a r y  

tre a tm e n t, or whether th i s  specimen had been th e  ta rg e t  

o f a p o a c h e r 's  sp ea r o r arrow#
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PLATE XXIV

( a )  (b ) P e lv is  and two r ib s  o f l io n e s s ,
M.57# The r ib s  show n a tu ra lly -h e a le d  
f r a c tu r e s .  E xtensive exosto ses may be 
seen on th e  p e lv is ,  which a lso  has a 
d i s t i n c t  asymmetry.

V erteb rae  of l io n e s s ,  M.57# ( s a g i t t a l  
s e c t io n )  showing a trophy  of one i n t e r -  

M M  v e r te b ra l  d is c .

(d ) Normal bones of hind limb of l io n e s s  M#57$ 
can ce llo u s  bone a t  s i t e  of f r a c tu r e s  to  

t i b i a  and f ib u la  of l io n  M.39*
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PLATE XXIV

M .5 7
M.57
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• (a )  B uffalo  M*31* Tuberculous le s io n s ,
(supposedly  of bovine tu b e rc u lo s is ,  see  

., i; p ) in  th e  p le u ra l  o a v ity .

(b ) M.31* Tuberculous le s io n s  in  th e  l i v e r .

(c )  M.3I* G eneral em acia tion .
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PLATE XXVI

(

(a )  M.31i Tuberculous le s io n s  in  th e  lung .

(b ) M.3I :  F ib rous ' t a g s '  on th e  peritoneum .

* •

(c)[(^)Mo3ii Tuberculous le s io n s  on th e  

epioardium .
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PAHT I I

TBS SCOI.OOT OF CABDIOVASCUIAB DISEASE 

IN FREELIVING VIID ELSPHANTS IN EAST AFRICA

C h a p te r  8 

M a te r ia l s  and M ethods

: r

On oo fflp le tlon  o f  th e  f i r s t  p h a se  o f  th e  f i e l d  

s u rv e y ,  th e  s p e c ie *  s e l e c t e d  f c r  m ore d e t a i l e d  s tu d y  v as 

th e  A f r ic a n  sa v an n a h  e le p h a n t  (& Dzodonta a f r i c a n a  a f r i -  

oeuia B lum enbach), s e e  A ppendix

A lth o u g h  c e r t a i n  s p e c i e s  c f  P r im a te s ,  a s  v e i l  a s  

t h e  o s tr ich  ( S t r u t h io  c a m e lu e ) ,  v e re  c o n s i d ^ e d  f o r  t h i s  

p u rp o s e , n e i t h e r  v a s  c h o se n . A lreeidy s e v e r a l  s p e c ie s  o f  

P r im a te s  v e re  t h e  s u b j e c t  o f  c a r d io v a s c u la r  f i e l d  s t u d i e s  

by o th e r  g ro u p s  o f  v o r k e r s ;  and i n  th e  c a se  o f  th e  o s t r i c h  

d i f f i c u l t i e s  m ig h t a r i s e  i n  o b ta in in g  c o l l e c t i n g  p e r m i ts ,  

a s  v e i l  a s  i n  f i n d in g  a  s im p le  te c h n iq u e  f o r  a g e in g  _ - 

i n d iv i d u a l  b i r d s .  ^

A t t h e  tim e  vhen th e  d e c i s io n  v a s  re a c h e d  to  s tu d y  

th e  e c o lo g y  o f  c a r d io v a s c u la r  d i s e a s e  i n  th e  A f r ic a n  

e le p h a n t ,  no f i r m  d e c i s io n  had been  announced by e i t h e r  

t h e  Kenya o r  Uganda g o v ern m en ts  to  p ro c e e d  w ith  l a r g e -  

s c a l e  e le p h a n t  c ro p p in g  program m es, a lth o u g h  th e  s u b j e c t

LIBRARY
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had been under d is c u ss io n  f o r  some tim e. A p i l o t  

cropping  s tu d y  scheme had however a lre ad y  been c a r r ie d  

ou t in  th e  Murchison F a l l s  N ational P ark , Uganda, and, 

by oou rtesy  of Mr. J .  Savidge, S c ie n t i f i c  Park  Warden,

I  was a b le  to  examine and c o l le c t  m a te r ia l  from seven 

e lep h an ts  sh o t th en . A ll seven specim ens (X .l6 ,1 9 , 21-2$) 

showed c a rd io v a sc u la r  a b n o rm a litie s . I  was a ls o  a b le , 

on a p r iv a te  l ic e n c e ,  to  c o l le c t  a m iddle-aged b u l l  

e lep h an t in  a montane h a b i ta t  (N .l$ 2 ) as a 'C ontro l*  

specim en. T his anim al showed no c a rd io v a sc u la r  le s io n s .

I t  was on th e  b a s is  o f th e se  f in d in g s  th a t  th e  

B r i t i s h  H eart Foundation agreed  to  a u th o r is e  me to  equip 

a f u l ly  independent m obile u n i t ,  w ith  two v e h ic le s ,  ade

quate  f o r  c a rry in g  ou t com prehensive a u to p s ie s  on e lep h an ts  

s e le c t iv e ly  sh o t in  c o n tra s te d  h a b i ta t  types in  E ast 

A fr ic a , in  th e  second phase of th e  su rvey  (see  ch.1 ,pl5,'3) 

The l i s t  o f th e  equipment used i s  g iven  in  Appendix l ,p p  

A lto g e th e r , a  t o t a l  of 40 e lep h an ts  was thus examined.

C o-opera tion  by Game and Parks Departm ents in  Kenya

and Uganda

The p la n  to  c o l le c t  e lep h an t from s e le c te d ,  c o n tra s te d  

h a b i ta t  types f o r  d e ta i le d  post-m ortem  exam ination was
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o u t l i n e d  to  th e  C h ie f  Game Wardens o f  Uganda and Kenya 

r e s p e c t i v e l y ,  and in  e ach  c a se  t h e i r  c o - o p e r a t io n ,  a d v ic e  

and a s s i s t a n c e  p ro v ed  to  he  fu n d am e n ta l to  th e  s u c c e s s  

o f  t h i s  sKidy. They w ere a b le  to  a d v is e  a s  to  s u i t a b l e  

l o c a l i t i e s  f o r  w hich  p e rm its  c o u ld  b e  i s s u e d  f o r  me to  

s e l e c t  e le p h a n ts  o f  b o th  s e x e s  b e lo n g in g  to  t h e  r e q u i r e d  

ag e  g roups#  They a l s o  k in d ly  c o -o rd in a te d 'm y  s c h e d u le s  

t o  f i t  i n  w ith  th o s e  a l r e a d y  made by o rg a n is e d  to u ) ^ r i s t -  

h u n t in g  p a r t i e s  i n  th e  h u n t in g  e b n e s , i n  su c h  a  way a s  t o  

m in im ise  any  o v e r la p  o f  a c t i v i t i e s #

The s tu d y  o f  th e  backg round  e c o lo g y  o f  th e  h a b i t a t  

ty p e s  whosen a l s o  n e c e s s i t a t e d  a  c o n s id e r a b le  am ount o f  

o b s e r v a t io n  on l i v e  e le p h a n t  w i th in  th e  N a tio n a l  P a rk s  

a d ja c e n t  t o ,  o r  n e a r ,  some o f  th e  h u n t in g  zo n es u sed  f o r  

c o l l e c t in g #  P e r m its ,  i s s u e d  by o o u r te s y  o f  th e  D i r e c to r s  

o f  N a tio n a l  P a rk s  o f  Kenya and Uganda r e s p e c t i v e l y ,  e n a b le d  

me to  spend  c o n s id e r a b le  p e r io d s  w a tc h in g , f i lm i n g ,  and 

fo l lo w in g  r e c o g n is a b le  h e rd s  m oving i n  and o u t o f  th e  

P ark s#  T h is  was in v a lu a b le  i n  e n a b l in g  me to  d e v e lo p  

o b s e r v a t io n a l  e x p e r ie n c e  o f  m aking o n - th e -h o o f  a g e /w e ig h t /  

h e ig h t  e s t im a t e s ,  a s  w e l l  a s  i n  r e c o g n is in g  s ig n s  o f  

d i s e a s e  and a b n o rm a li ty  i n  l i v i n g  e le p h a n ts #  I t  was



— <37̂  —

a ls o  d u rin g  th e se  o b se rv a tio n a l a c t i v i t i e s  th a t  d a ta  

were c o lle c te d  f o r  th e  background study  of th e  main eco- 

system s involved  (se e  c h .g , pp <3^S-and appendices 4 7

pp, 60G-

A leirge p a r t  of th e  su ccess  o f t h i s  stu d y  must be 

a t t r ib u te d  to  th e  co -o p e ra tio n  accorded by th e se  govern

ment departm ents in  p e rm it tin g  me t h i s  freedom to  exp lo re  

th e  a v a ila b le  h a b i ta ts  over such a wide t e r r i t o r y ,  and 

th u s to  f in d  a n a tu r a l ly  u n r e s t r ic te d  h a b i ta t  type  which 

could se rv e  as a  'c o n t r o l* .  This could be c o n tra s te d  

w ith  th e  s e m i- r e s t r ic te d ,  d eg en era te  h a b i ta t  types asso 

c ia te d  w ith  th e  Murchison F a l l s ,  Queen E liz a b e th  and Taavo 

N ationa l P ark s . The freedom to c p e ra te  th e  v e h ic le s  and 

th e  team o f A frican  a s s i s t a n t s  as an independent u n i t  in  

th e  f i e l d  was a ls o  fundam ental in  en ab lin g  me to  s e iz e  

a l l  th e  a v a i la b le  o p p o r tu n it ie s  to  c o l l e c t  th e  re q u ire d  

e lep h an ts  in  c ircum stances s u i ta b le  f o r  com prehensive 

au to p sy .

Autopsy procedure

S e le c tio n , k i l l i n g ,  and au topsy  procedure in  g en e ra l 

fo llow ed th a t  o u tlin e d  in  oh. 2 , p p .5 / ^ 4.^  as d esc rib ed  f o r  

la rg e  mammalian specim ens, w ith  s l i g h t  m o d ific a tio n s
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n e c e s s i ta te d  by th e  g re a t  w eight and b u lk  o f th e  c a r

cass  and i t s  members, and th e  th ic k n ess  of th e  s k in .

The k i l l i n g  of th e  s e le c te d  e lep h an ts  in  t e r r a in  

s u i t a b le  f o r  au topsy  a ls o  f re q u e n tly  involved  long  

p a t ie n t  t r a i l i n g  of th e  herds u n t i l  th e  p o s it io n in g  of 

bo th  th e  e lep h an t (o r  e le p h a n ts )  and th e  t e r r a in  was 

s u i t a b le .  I f  p o s s ib le  two, th re e ,  o r  even fo u r ,  e le 

ph an ts  s ta n d in g  to g e th e r  were then  sh o t in  quick  

su c c e ss io n , u s in g  only  th e  ' b ra in  shot* a t  c lo se  ran g e , 

a p rocedure adopted in  em ulation  o f th e  method dem onstrated 

in  th e  M urchison F a l ls  N atio n a l Park p i l o t  sropp ing  scheme 

by Mr# J .  Savidge. The v a lu e  of th i s  p rocedure  i s  

d isc u sse d  in  Appendix é  p 35. and c h .$ , p 

The method was n o t w ithou t a  c e r ta in  d eg ree  of r i s k ,  b u t 

f o r  th e se  c a rd io v a sc u la r  s tu d ie s  proved in  p r a c t ic e  to  be 

a very  su c c e s s fu l and s a t i s f a c to r y  approach.

On o ccasio n s when th re e  o r fo u r  e lep h an ts  were sh o t 

to g e th e r ,  a  bivouac camp was made b e s id e  th e  c a rc a s s e s , 

and e s s e n t ia l  work con tinued  on in to  th e  n ig h t by th e  

l i g h t  of v e h ic le  headlam ps, lo n g -lea d  60-w a tt  in s p e c tio n  

lamps and h u rr ic a n e  lam ps, guard ing  a g a in s t  n ig h t scaven

g e rs  by means o f f i r e s .  In  such c a se s , le s s  u rg en t work
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su o h  a s  th e  f i n a l  ch o p p in g  o u t o f  t u s k s ,  b r a i n ,  and 

m an d ib le s  c o u ld  be co m p le ted  on s i t e  e a r l y  n e x t  m o rn in g .

The e a r s ,  i v o r y ,  and t a i l  h a i r s  w ere o f  com m ercial 

v a lu e  ( s e e  p ) ,  so  th e s e  had to  b e  rem oved and t r e a t 

ed a c c o rd in g  to  h u n t in g  and t r a d e  p r a c t i c e .  I n  Uganda, 

a l l  o f  th e s e  w ere handed i n  to  th e  Game D ep artm en t, 

w h e re a s , l a t t e r l y ,  th e  Game D epartm en t o f  Kenya to o k  

o v e r  a l l  e a r s ,  b u t  p e rm i t te d  th e  s a l e  o f  th e  iv o r y  on 

b e h a l f  o f  t h i s  c a r d io v a s c u la r  p r o j e c t .  E x c e p tio n s  to  

t h i s  r u l e  w ere  made i n  th e  c a se  o f  damaged o r  d i s e a s e d  

t u s k s ,  o f  w hich  I  was a llo w e d  to  r e t a i n  th e  abnorm al 

p a r t s  f o r  f u r t h e r  s tu d y  ( s e e  c h . p ) .  The

re m a in s  o f  th e  c a r c a s s e s ,  a f t e r  a u to p s y ,  w ere u se d  f o r  

human co nsum ption  i n  a r e a s  w here n a t i o n a l  l e g i s l a t i o n  

p e r m i t t e d ,  and i n  o th e r  a r e a s  i f  was l e f t  to  th e  s c a v e n g e rs  

f o r  'c l e a n i n g ' ,  a f t e r  w hich ( u s u a l ly  a  m a t te r  o f  2 to  6 

h o u rs  a f t e r  o u r  d e p a r tu r e  from  th e  c a r c a s s )  I  w o u ld , i f  

p o s s i b l e , r e t u r n  t o  exam ine th e  s k e l e to n  f o r  bone abnorm al

i t i e s .

D e t a i l s  o f  th e  body m easurem ents made and th e  

p r e p a r a t i o n  o f  th e  m a n d ib le s  and eye  le n s e s  f o r  a g e in g  

p u rp o se s  a r e  d e s c r ib e d  i n  A ppendix  Cs gp (S ik e s  lg 6 6 b ) ;
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th e  e x tra c t io n  and p re s e rv a tio n  o f c a rd io v a sc u la r

m a te r ia l  f o r  f u r th e r  s tu d y  in  Appendix , p^o^-

( S ik e s , In  p r e s s ) ;  th e  c o l le c t io n  o f blood serum

in  ch .g fpp  (M -(36? ,and p a r a s i te s  in  oh, 4 i PP

L aboratory  p rocedu res

1# M acro-exam ination o f a o r ta e

i )  L ipid  d i s t r ib u t io n

a )  Sudan I?  g ro ss  s ta in in g  (Holman e t  1958) 
and photography#

A ll th e  a o r ta e  and sam ples o f a r t e r i e s  were washed

and th en  g ro s s - s ta in e d  ( s t i l l  s ta p le d  to  t h e i r  p o ly th en e

boards as mounted in  th e  f i e l d )  in  2 0 - l i t r e  g la s s  ta n k s .

When s ta in e d ,  each mount was photographed and th e  p r in t s

f i t t e d  to g e th e r  and mounted on squared  paper to  p ro v id e

a  com posite photograph o f each com plete aorta#

In  a d d i t io n ,  each p o r tio n  of a o r ta  was drawn to

s c a le  on squared  p ap e r, suad th e  s ta in e d  a rea s  drawn

a c c u ra te ly  on i t#  Each com plete a o r ta ,  from th e  p o in t

o f a ttachm en t o f  th e  d u c tu s  a r te r io s u s  to  th e  b i fu rc a t io n
z

was d iv id ed  t r a n s v e r s e l y  in to  f iv e  equal le n g th s , numbered 

I  to  ¥# Each p o r tio n  was subd iv ided  lo n g i tu d in a l ly  in to  

fo u r  p o rtio n s#  d o r s a l ,  r i g h t  l a t e r a l ,  v e n t r a l  and l e f t  

l a te r a l#  The t o t a l  a re a  o f each su b d iv is io n  was then
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found by cou n tin g  th e  t o t a l  number o f ^  cm sq u ares  

con ta ined  ( a l l  p a r ts  o f sq u a res  on th e  r i g h t  edge of 

each p o r tio n  being  coun ted , and a l l  p a r ts  o f sq u are  on 

th e  l e f t  be ing  ig n o re d ) , and th e  a re a  o f eaoh c le a r ly  

dem arcated b u tto n , s t r e a k ,  o r p laque s ta in e d  w ith  

Sudan 1? was s im i la r ly  counted#

The r e s u l t s  v e re  s e t  o u t as t a b le s ,  and a re  g iven  

in  ch. il PP . The i n t r a - a o r t l c  d i s t r ib u t io n  o f

in tim a i su d a n o p h ilic  m a te r ia l  i s  shown in  h is to g ram s, 

F I0 ^ ‘ 5i>d7. The a re a  o f su d a n o p h ilic  m a te r ia l  in  th e  

whole a o r ta ,  c a lc u la te d  as a p e rcen tag e  o f th e  whole 

a re a ,  f o r  a l l  f o r ty  e lep h a n ts  examined, i s  g iven  in  

Appendix 4  Fl@* ^  pyr .

I t  w i l l  be noted th a t  th e  q u a n t i ta t iv e  e s tim a te  

o f su d an o p h ilic  m a te r ia l  r e f e r s  on ly  to  th e  a re a  

d i s t r ib u t io n  in  th e  in tim a  and i s  n o t to  v o lu m e tric  

o r o th e r  q u a n t i ta t iv e  t e s t s  made by th e  chem ical 

e x tra c t io n  o f th e  lip id s #  Suoh methods a re  under 

developm ent by Dr# Crawford a t  th e  N u ffie ld  I n s t i t u t e  

o f Com parative M edicine; s in c e  they  in v o lv e  th e  d e s tru c 

t io n  o f th e  a o r ta  i t s e l f ,  t h i s  approach would n o t have 

se rved  th e  purpose o f t h i s  p r o je c t .  With a d d it io n a l
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m a te r ia l ,  o b ta in ed  from th e  c u r re n t la rg e - s c a le  cropping 

ftchemee, ample o p p o rtu n ity  should be a v a i la b le  f o r  d e ta i le d  

q u a l i t a t iv e  and q u a n t i ta t iv e  b iochem ical an a ly ses  o f 

i n t r a - a o r t i o  l ip id s  in ,e le p h a n ts .  

i i )Calcium d i s t r ib u t io n :  rad io g rap h y

Radiography vas c a r r ie d  ou t by Miss F . V e r ity  in  

th e  Radiology Depmttment o f th e  N u ffie ld  I n s t i t u t e  o f 

Com parative M edicine, under th e  d i r e c t io n ,  and by o o u rtesy , 

o f Dr. C. du Boulay,

The p rocedu re  vas as fo llo w s:

The a o r ta e  were su b m itted  fo r  rad io g rap h y  in  p ie c e s , 

eaoh p ie c e  s ta p le d  on a s t i f f  p o ly th en e  backing  12 % 10 

in ch es in  s i z e .  A Watson D ental X -ray u n i t  was used w ith  

a  f ix e d  r a t in g  o f 60Vp and 20mA w ith  a  t o t a l  a p e r tu re  

f i l t r a t i o n  e q u iv a le n t to  2 mm alum inium . The diaphragm 

and cone were removed. T r ia ls  had been made on much more 

s o p h is t ic a te d  ap p a ra tu s  w ith  a  h igh  o u tp u t g e n e ra to r  and 

tubes w ith  f o c i  from .3  mm to  2 .0  mm, b u t f o r  th i s  purpose 

th e  d e n ta l  machine was found to ^g iv e  th e  b e s t  r e s u l t s #

Most of th e  p ic tu re s  were made on G evaert I n d u s t r ia l  

f i lm , 'D4*, a t  a  fo c a l  f i lm  d is ta n c e  of 40" and an exposure
I

of 20 -  24 seconds, depending on th e  th ic k n ess  of th e  aorta#

. . \ \



-  53:1 * -

A few I l f o r d  I n d u s t r ia l  'F '  f i lm s  were u sed . These 

needed h a l f  th e  exposure cknd gave adequate  b u t n o t as 

good d é f in i t io n  as th e  G evaert f i lm . To p rev en t th e  

tube  from o v e rh e a tin g  on ly  one exposure was made every  

h a l f  hou r. For p r o te c t io n  from  r a d ia t io n  th e  exposure 

was made from o u ts id e  th e  room.

The specim ei^  was s e t  up on i t s  back ing  s h e e t ,  and 

la y  on top of a s p e c ia l  m easuring g r id .  Beneath t h i s  

la y  th e  f ilm  enclosed  in  a 'p l a s t i c  c a s s e t t e ' , and 

ben ea th  th e  c a s s e t te  a  b ra s s  sh e e t to  p rev en t back^ 

s c a t t e r .  The whole "sandw ich" was p laced  on th e  f lo o r  

so as to  o b ta in  a  maximum fo c a l  f i lm  d is ta n c e .  The 

s p e c ia l  m easuring g r id ,  made by Mr. Tom C ^rich to n  o f  

S t .  Bartholom ew 's H o sp ita d l, c o n s is te d  o f a  1 mm gauge 

p ersp ex  s h e e t ,  engraved w ith  rad io -o p aq u e  l in e s  in  two 

d i r e c t io n s  form ing  a  p a t te r n  o f 5-mm sq u a re s . The f ilm s  

were developed f o r  8 m inu tes a t  6 8 ^  in  I l f o r d  'PhenisoA ' 

d ev e lo p e r .

Q u a n ti ta t iv e  counts o f  th e  a re a  o f each p o r t io n  o f 

th e  a o r ta  w all c o n ta in in g  Calcium were made in  th e  same 

way as f o r  L ip id  d i s t r i b u t i o n ,  excep t th a t  th e  need to  

make s c a le  draw ings was e lim in a ted  by th e  in c lu s io n  o f
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th e  cm s c a le  g r id  in  th e  rad io g rap h s . D irec t counts 

on th e  view er could th e re fo re  be made. The r e s u l t s  o f 

th e se  counts a re  g iven  in  ch. 11 pp. 400-40^ A graph showing 

th e  Gurea of a o r t i c  w all co n ta in in g  Calcium as a percen tag e  

of th e  a rea  of th e  whole a o r ta  f o r  each of th e  f o r ty  e le 

phan ts examined i s  g iven  in  Appendix 4  , PIG. ‘2» Ù>S(.

2. M icroscopic exam ination

i )  H isto logy  t i s s u e  s l i p s ,  c o l le c te d  from each of th e  

main in te r n a l  organs (se e  p . 3 6  ) in c lu d in g  th e  h e a r t ,  a t  

th e  c a rc a s s , and p reserved  d th e r  in  R ich a rd so n 's  F lu id  

(R ichardson i 9 6 0 ) o r in  s tan d ard  I 05& form ol s a lin e (p e a c o c k  I 9 5 5 ) 

(p re v io u s ly  p repared  a t  th e  la b o ra to ry  w ith  g l a s s - d i s t i l l e d  

w ater and poured ready in to  10 ml po ly thene  c o l le c t in g  tu b e s ) ,  

were a l l  paraffin -em bedded  and se c tio n e d  a t  4 ^ o r 5 u . Two 

s e c tio n s  of each were s ta in e d  w ith  haem atoxylin  and eo s in , 

and one of each w ith  V erhoeff and van Oieson s ta in s  (G urr 

1 9 6 3 ) in  o rd e r  to  p rov ide  a b a s ic  s e t  o f re fe re n c e  t i s s u e s .

This p rocedure (d u rin g  which a t o t a l  of approx im ately  

4,000 s l id e s  of s ta in e d  s e c tio n s  were made), a lth o u g h  

somewhat tim e-oonsum ing, has proved to  be of very  g re a t  

v a lu e  to  th e  subsequent u n d erstan d in g  o f c a rd io v a sc u la r  

a b n o rm a litie s  found, e s p e c ia l ly  in  th e  case o f p a r a s i t i c



-  -

l e s io n s .  I t  has a lso  se rved  as a gu ide in  d eterm in ing  

a d d i t io n a l  m icroscopy n ec essa ry  f o r  th e  e lu c id a tio n  of 

p a r t i c u la r  a b n o rm a litie s . For example, where m inera l 

d e p o s its  were found, von K o ssa 's  s t a i n  (Clayden 1) 6 2 ) 

was a p p lie d ; f o r  L ip ids Sudan IV and haemalum, u s in g  

fro z en  s e c t io n s ;  f o r  su sp ec ted  p a r a s i te s  Giemsa o r 

G urr*8 N .a.G . (G urr 1963) s t a i n s ,  and f o r  L ep to sp ira  sp . 

W a rth in -S ta rry 's  s i l v e r  im pregnation  m ethod(C arleton  19 6 2 ) .

i i ) T is s u e  s l i p s  cu t tr a n s v e rs e ly  from th e  a o r ta  and 

o th e r  a r t e r i e s  a t  au topsy  were p rese rv ed  as above.

In  p a r t i c u la r ,  th e se  s l i p s  were taken  from p o r tio n s  which 

appeared , to  th e  naked eye , to  have b u tto n s , p laques or 

o th e r  a b n o rm a litie s  o f th e  in tim a . Each o f th e se  was 

th en  d iv id ed  in to  two p o r t io n s ,  one being  paraffin -em bedded , 

and th e  o th e r  se c tio n e d  by a f re e s in g -m io r0 tome f o r  

s ta in in g  w ith  Sudan IV and haemalum, o r Giemsa. The 

p a r a f f in  s e c t io n s  were s ta in e d  w ith  haem atoxylin  and 

e o s in , and w ith  V erhoeff and van G ieso n 's  s t a in s .

In  a d d i t io n a l  s ta n d a rd ise d  s e t  o f e ig h t lo n g itu d in a l

ly  c u t s l i p s  was taken  from eaoh p rese rv ed  a o r ta  on r e tu r n  

to  th e  la b o ra to ry . These were taken  ju s t  p o s te r io r  to  

th e  so a r  o f th e  ductus a r t e r io s u s ,  one in  th e  m id -d o rsa l
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l i n e ,  and one in  th e  m id -v e n tra l; a second p a i r  ju s t

a n te r io r  to  th e  o r ig in  o f th e  c o e lia c  and s u p e r io r  ania.r\or

m esen te ric  a r t e r i e s ,  one d o rs a l  and one v e n t r a l ;  a

th i r d  p a i r  a t  th e  le v e l  o f th e  r e n a l a r t e r i e s ;  and a

f i n a l  p a i r  from a p o in t j u s t  a n te r io r  to  th e  b i f u r c a t io n ,

one d o rsa l and one v e n t r a l . Each of th e se  vas cu t

i r r e s p e c t iv e  of th e  p resence  o r absence o f b u tto n s ,

p laques o r su sp ec ted  a b n o rm a litie s , and was s ta in e d

w ith  a )  haem atoxylin  and eo s in ; b ) V erhoeff and van

O ieson; o) A lc ian  b lu e . These have been used as th e

b a s is  f o r  th e  d e s c r ip t io n  o f th e  normal a o r ta  (ch . I| p.43o>4‘̂

As m entioned in  ch. ^  p 4-1 , a wide range of

f in e  h is to ch em ica l s t a in s  has n o t been ap p lied  to  th i s

c o l le c t io n  of m a te r ia l ,  as i t  i s  f e l t  th a t  th e se  belong

more p ro p e rly  to  th e  s p e c ia l is e d  f i e ld s  of b io ch em istry

and h is to p a th o lo g y , and a re  o u ts id e  th e  scope of t h i s ,

p r im a r ily  e c o lo g ic a l ,  su rv ey .

3 . Normal and abnormal developm ents and s t r u c tu r e  of 
h e a r t and a o r ta ,  and th e i r  r e la t io n s h ip  to  age

On th e  b a s is  o f th e  d e te rm in a tio n  o f th e  r e l a t i v e

age of th e  40  e lep h an ts  examined in  t h i s  survey  (c h . 10

and Appendix 6  ( S ikes 1966b ) ,  an a ttem p t has been made
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to  compare th e  s i z e ,  w eight and shape o f th e  h e a r ts  and

a o r ta e ,  and to  determ ine th e  normal growth and ageing

p a t te rn s  f o r  th e se  o rg an s . These a re  in  tu rn  r e la te d

to  changes due to  any a b n o rm a litie s  seen* The r e s u l t s

o f t h i s  s tu d y  a re  g iven  in  ch. 11 p ^  —439 .

Exam ination of d a ta  o b ta ined  r e l a t i n g  to  environm ental 
f a c to r s  which may be re le v a n t  to  th e  c a rd io v a sc u la r  
m a te r ia l  examined

D e ta ils  o f th e  h a b i ta t  types s tu d ie d  (ch . 3 and 9i 

and Appendix a n d  p a r a s i te s  id e n t i f ie d

( c h .4 ) ;  tra u m a tic , c o n g e n ita l amd p a th o lo g ic a l c o n d itio n s  

(o th e r  than  c a rd io v a s c u la r ) found (c h . 12) a re  g iven  in  

th e  a p p ro p r ia te  c h a p te rs .

These must be r e la te d  to  such im p o rtan t, and ra p id ly  

changing, f a c to r s  as behav iour p a t te r n s ,  p o p u la tio n  dyna

mics and s t r e s s  f a c to r s  in  th e  environm ent, the  i n t e r 

p r e ta t io n  o f which can a t  p re se n t be a t  b e s t only te n ta t iv e  

in  th e  case o f th e  A frican  e le p h a n t. I n s u f f ic ie n t  s t a t i s t i c  

c a l work has been achieved to  d a te  to  w arran t th e  

fo rm u la tio n  of any co n c lu siv e  d is c u s s io n  on th e se  f a c to r s ,  

and in  any case  c u r re n t re se a rc h  under game management 

re se a rc h  programmes i s  confined  alm ost e x c lu s iv e ly  to  th e  

d eg en era te  Park h a b i ta t s .  P r a c t ic a l ly  no ex ten s iv e  and
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r e l i a b l e  d a ta  a re  a v a ila b le  reg a rd in g  e lep h an ts  in  

t h e i r  n a tu ra l  h a b i ta t s  o f ind igenous f o r e s t  on un re

s t r i c t e d  ran g es , lin k ed  by open lo n g -d is ta n c e  m ig ra tio n  

ro u te s .
lO

The d a ta  I  have roanged to  g a th e r  to  c o n tr ib u te
A

to  th e  d is c u s s io n  on th i s  s u b je c t  have been gained from 

th e  few a v a i la b le  r e p o r ts  on i )  re c e n t re se a rc h e s  on 

e lep h an t w ith in  th e  N ational Parks and th e i r  en v iro n s;

i i )  sea rch es  of iv o ry  l ic e n c e  books and s a le s  re co rd s  

in  E ast A fric a ; i l l )  d is c u s s io n  w ith  h u n te rs ; iv )  se a rch es^  

in  o ld e r  b o o k s^ o n  hun ting  and A frican  h is to ry ;  v ) v e rb a l 

accoun ts by o ld e r  European, A sian and A frican  r e s id e n ts  

in  th e  a re a s  s tu d ie d ; v i )  v e rb a l accounts by o ld e r  

members o f A frican  e lep h an t-h u n tin g  t r ib e s  of t r i b a l  lo re  

and custom w ith  reg ard  to  th e  form er v e g e ta t io n a l cover, 

h u n tin g  r i t e s  e t c .  I t  w i l l  be a p p re c ia te d  th a t  alm ost 

a l l  th e se  so u rces of in fo rm a tio n ,w ith  th e  ex cep tio n  of

i ) and i i ) ,m u s t  be t r e a te d  w ith  g r e a t  c a u tio n , b u t c le a r  

p a t te rn s  do n e v e r th e le s s  emerge as to  th e  form er charac

t e r i s t i c  p a t te r n s  o f e lep h an t b eh av io u r, p o p u la tio n  den

s i t y  and m ig ra tio n . These a re  d isc u sse d  in  ch. 9iPP* 

Appendix /  ( S ikes 1966c) p5é^ ^ ^ 7 / , and pp ^ 0 - 575. .
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Chapter 9

Ecolo g ic a l  Baokgroundt 
E lephant Communities S tudied  in  Three S e lec ted  H ab ita t

Types

Three d i s t i n c t  h a b i ta t  types were s e le c te d  as th e  

background fo r  a s tudy  of th e  ecology of ca rd io v a sc u la r  

d is e a s e  in  th e  A frican  e lep h an t. The o b je c t was to  

p rov ide th e  n ecessary  f i e l d  t e s t s  in  answer to  th e  

q u es tio n s  a r i s in g  from hypotheses ( i i ) ,  ( i i i )  and ( iv )  

in  th e  In tro d u c tio n  (pp S' -\*J ) .

The 'c o n tro l#  h a b i ta t  type

One o f th e se  h a b i ta ts  should be as ' n a tu r a l ' as 

p o s s ib le  and se rv e  as a 'c o n t r o l ' .  For th e  purpose of 

t h i s  s tudy  th i s  would have to  be a h a b i ta t  s t i l l  co n ta in in g  

a la rg e  p ro p o rtio n  o f ex ten s iv e  indigenous v e g e ta tio n  over 

a wide and v a rie d  range known to  have been used by e lephan t 

fo r  a t  l e a s t  a centi^ury, and p re fe ra b ly  fo r  lo n g e r. As 

i t  i s  most u n lik e ly  th a t  th e  maximum l i f e  span of an 

A frican  e lep h an t exceeds a cen tu ry , one may thus suppose 

th a t  any elephants c o lle c te d  in  such a h a b i ta t  would have 

been su b je c t only to  the  i n t r i n s i c  s t r e s s e s  c h a r a c te r i s t ic  

o f suoh an ecosystem throughout i t s  l i f e - t im e ,  and would
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have enjoyed, w ithou t in te r r u p t io n ,  th e  environm ent 
to  which i t  may be supposed to  be b e s t adapted by nature*

The very  ex ten siv e  ranges of th re e  g re a t  montane 

m assifs  of E ast A frica  su g g est them selves as th e  obvious 

'c o n tro l*  h a b i ta t  ty p e . They have been s in g u la r ly  f r e e ,  

u n t i l  very  re c e n t y e a rs ,o f  in te r fe re n c e  w ith  th e  e lep h an t 

ranges by encroachm ent, a lthough  i r r e g u la r  d is tu rb a n c e  by 

h u n te rs  in  the  monteuie f o r e s t  has undoubtedly occurred  

from tim e immemorial. Evidence of th i s  i s  suggested  by 

th e  long t r a d i t io n a l  use by th e  Wachagga, th e  Vanderobo 

and the  Pygmies o f iv o ry  and e le p h a n t-h a ir  b an g les . The 

i r r e g u la r  h u n tin g  of e lep h an t w ith in  th e se  a rea s  may thus 

be regarded as c o n s is te n t w ith  i t s  c h a ra c te r  as th e  

'c o n t r o l '  h a b i ta t  ty p e .

Degenerate h a b i ta t  types

The o th e r  two h a b i ta t  types chosen both  l i e  in  th e  

E ast A frican  low lands ( i . e .  a l t i tu d e s  le s s  than  5,000 f e e t )  

and both re p re s e n t d eg en era te  h a b i ta t s ,  c h a ra c te r is e d  by 

what MoDiarmid (1962) termed " s e m i- a r t i f i c i a l "  c o n d itio n s  

in  r e la t io n  to  th e  d ise a se s  of f r e e l iv in g  w ild an im als.

The f i r s t ,  Uganda g ra s s la n d , i s  today ty p ic a l ly  

d eg en era te  ^woodland/bavannah\ a s so c ia te d  w ith  th e  fo rm erly  

*  ' ■ / a u ' ’ - M e i e  ,



r ig id ly  p ro te c te d  Queen E liz ab e th  and >turchi8on F a l ls  

N ational Park# and environ#.. Reason# f o r  th e  degene

r a t io n  o f th i s  h a b i ta t  a re  d esc rib ed  in  Appendixes 4 7.

(B ikes 19660 ) . In  eaoh ca se , la rg e  e lep h an t comzaunitiee 

have become o v er-co n cen tra ted  w ith in  th e se  a re a s , ovexw 

browsing them, and e x h ib itin g  changed physique and 

behav iour p a t te r n s .  These appear to  be the  r e s u l t  of 

f r u s t r a t io n  o f th e  m ig ra to ry  h a b i t ;  d e n ia l  o f access to  

f o r e s t  re fu g es  f o r  c a lv in g ; r e s p i t e  from d i r e c t  s u n l ig h t ,  

and v a r ia t io n  of th e  d i e t ;  and p o ss ib ly  a lso  o f over

p o p u la tio n  s t r e s s e s ,  a f f e c t in g  temperament and ' t e r r i 

to ry  r i g h t s '  (Kuehme 1962 ) .  Here, t o t a l  p ro te c tio n  from 

hun ting  ha# been imposed f o r  some tw elve y e a rs . P r io r  

to  t h i s ,  sev ere  n:utTgrl of th e  hun ting  laws a lread y  

a ffo rd ed  th e  anim als very e f f e c t iv e  p ro te c t io n .

The Uganda g ra s s la n d s , a t  th e  tim e when th i s  f i e l d  

survey was c a r r ie d  o u t, must be regarded  as an environment 

in  an ad v an ce^ s ta ts  of d eg e n e ra tio n , q u ite  u n c h a ra c te r is tic  

per se  as an e lep h an t h a b i ta t .  I t  i s  p o s s ib le , however, 

t h a t ,  i f  d i r e c t  m iprato ry  access were s t i l l  open to  

th e se  e lep h an t communities to  reach  e x te n s iv e , u n d is tu rb e d , 

indigenous f o r e s t s ,  adequate to  t h e i r  d ry -aeason  needs.
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e lep h em t m igh t n a t u r a l l y  v i s i t  th e  g r a s s la n d  a re a s  

from  tim e  to  t im e . R ecen t e le p h a n t  p o p u la t io n  s t u d i e s  

in  th e s e  a r e a s  by Buss & S av id g e  ( 1) 6 6 ) and B uechner ^  j j .  

(1 9 6 3 ) s u g g e s t  t h a t  t h i s  f r u s t r a t e d  n a t u r a l  te n d e n c y  in  

Uganda e le p h a n t  to  m ig ra te  to  f o r e s t  r e fu g e s  i s  ev id en ced  

by th e  s e a s o n a l  movements o f  th e  h e rd s  a lo n g  fo rm er mi

g r a t i o n  r o u t e s .

The second  low land  h a b i t a t  ohosen  i s  t h a t  o f  th e  

Tsavo N a tio n a l  P a rk  ( E a s t ) ,  Kenya, and e n v iro n s .

P r e v io u s ly ,  t h i s  was Com m iphora-A caoia m ixed savannahfOoolinn^, 

th in n in g  o u t to  a r i d  s c ru b la n d  to  th e  n o r th .  Today, 

how ever, i t  i s  a  d e g e n e ra te ,  low s c r u b la n d ,  .  

d eg en e ra tio n ^ m ay  be a t t r i b u t e d  to  s e v e r a l  f a c t o r s  s i m i l a r  

to  th o s e  in f lu e n c in g  th e  Uganda g r a s s l a n d s .  I t  d i f f e r s  

s i g n a l l y ,  how ever, i n  i t s  b a s i c  b io m a s s -c a r ry in g  c a p a c i

t y ,  due  to  i t s  c o m p le te ly  d i f f e r e n t  g e o lo g ic a l  and h y d ro -  

g r a p h ic a l  b ack g ro u n d . T hese axe  d is c u s s e d  more f u l l y  

i n  A ppendix 7 (S ik e s  19 6 6 0 ).

As »  th e  Uganda g r a s s l a n d s ,  th e  Tsavo N a tio n a l  P a rk  

and i t s  e n v iro n s  i s  n o t ,  p e r  s e , an en v iro n m eh t to  w hich 

th e  A f r ic a n  e le p h a n t  i s  f u l l y  a d a p te d  n a t u r a l l y .  

C h a r a c t e r i s t i c a l l y ,  th e  e le p h a n t  was found  h e re  in  th e
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p e s t  only d u rin g  the  ra in y  seaso n s, o r  du ring  i t s  long

d is ta n c e  m ig rato ry  t r e k s ,  to  and from i t s  f o r e s t  refuges*  

The d e n ia l o f most o f th o se  f o r e s t  re fu g es  to  i t  today
g 'Te^sideyvt

have brought abou t the  b u ild -u p  of an excessively e lep h an t 

p o p u la tio n , s u b je c t  to  q u ite  u n n a tu ra l s t r e s s e s ,  in  a 

s e m i- re s tr ic te d  and d eg en era te  environment*

I t  may r e a d i ly  be seen  th a t  th e  complex of su rfa c e  

w ater d is c h a rg e s /s o i l  ty p e /v e g e ta t io n a l cover, c h a ra c te r 

i s t i c  of each o f th e  th re e  h a b i ta t  types chosen, d i f f e r s  

r a d ic a l ly  and may have th e  fo llo w in g  e f f e c t s  in  r e l a t io n  

to  th e  e le p h a n ts I-

i )  P h y sica l a c t i v i t y # th e  mountainous and ex ten siv e  

h ig h -a l t i tu d e  t e r r a in  of th e  montane h a b i ta t  type 

o f fe rs  lo n g e r, and more v a r ie d , ro u te s  f o r  m igra

t io n  and meandering and makes g re a te r  p h y s ic a l 

demands*

i i )  I n te r e s t  and p la y : s tu d ie s  of e lep h an t behaviour 

whether in  Boos ( Trumler 1959| Kuehme 1962), 

c i r c u s es o r in  n a tu ra l  co n d itio n s  (S ikes 1966a )  

in d ic a te  th a t  e lep h an ts  tend to  p la y  v ig o ro u sly  

and a c t iv e ly  both  w ith  o b je c ts  in  th e i r  environment 

and w ith  each o ther*  The v a rie d  v e g e ta tio n  of
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th e  montane h a b i ta t  o f fe rs  th e  i n t e r e s t  of 

s e le c t in g  food from a wide cho ice  of p la n ts  

and th e  co n s tan t use of f o r e f e e t  and tru n k .

The monotony o f th e  g rass lan d  and scrub land  

v e g e ta tio n  and t e r r a in  o f fe r s  l i t t l e  i n t e r e s t ,  

and ap p a ren tly  boredom lead s  to  wanton 

d e s tru c tiv e n e s s  to  th e  h a b i ta t  (Anon.1957).

i i i )  N u tr i t io n # th e  montane d ie t  i s  ex trem ely

v a r ie d . The f o r e s t  s o i l s  a re  known to  be high 

in  Calcium and Phosphorus c o n te n t, as s i t u a t io n  

undoubtedly  r e f le c te d  in  th e  chemical co n ten t o f 

th e  fo d d e r, whereas th e se  elem ents seem to  

c o n s t i tu te  a very  low p ercen tage  o f th e  graBalcLi^^
(SKtfloLnck.

and sc rub land  s o i l s ^  The montane d ie t  co n ta in s  

a h igh  p ro p o rtio n  o f a rb o rea l p ro d u c ts , in c lu d in g  

v a rio u s  f r u i t s  ( f le s h y  and woody), ro o ts  and 

tu b e rs , as w ell as dioots and b a rk . r ry -sea so n  

fodder in  th e  lowland h a b i ta ts  i s  s e v e re ly  

r e s t r i c t e d  and c o n s is ts  m ainly o f hay (Buss I 96I ) ,  

I t  i s  known th a t  e lep h an t w il l  sea rch  d i l i g e n t ly  

fo r  f r u i t s  however sm a ll, of which th ey  a re  

p a r t i c u la r ly  fond , such as th o se  of th e  Borassus
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palm, w ild g in g e r (Aframomum s p . ) ,  V itex , Cappaxie 

and W arburgia. The l a t t e r  would appear to  be a

ta s ty  condim ent, as i t  i s  very  ho t to  th e  human 

t a s t e ,  and the  leav es  a re  sometimes used in  th e  

p re p a ra tio n  of cu rry  by In d ia n s . The f r u i t  o f 

the  Tamarind t r e e  and th e  D esert d a te  a re  a lso  

eaten^ (Anon. 1)62; Dale & Greenway 196I ) .

One supposes th a t  th e  montane d i e t  i s  r ic h e r  in  

Ekll n u t r ie n ts  in c lu d in g  th e  main v ita m in s , m inera ls 

and t r a c e  e lem ents. - D if f e re n t ia l  shem ioal assay  

on th e  stom ach, caeca l and r e c t a l  c o n te n ts , 

c o l le c te d  from th e  e lep h an ts  used in  th i s  s tu d y  

i s  planned as a  c o ro lla ry  to  th e  p re se it su rvey , 

to  be c a rr ie d  ou t in  due course*

iv )  C alv ing t oldU»time hunters*  d e s c r ip t io n s  o f m ating 

and ca lv in g  in  e lep h an t always su g g est th a t  th e  

n a tu ra l  tendency i s  to  mate and ca lv e  in  th e  

cover of th ic k  f o r e s t  (Rushby 1 9 6 5 )* In  th e  

^  denuded lowland h a b i ta t s  i t  i s  n o t uncommon nowadays 

to  see  e lep h an ts  openly both mounting each o th e r

in  p la y  ana co p u la , and even to  f in d  newly
A

born c lav es  a p p a re n tly  dropped in  th e  open g ra ss  
o r among th in  bushes (Buss & Smith I 966 ; Kel I 963 ; 
Short 19661 Wright I 9 6 4 ) .
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or  among th in  bushos . In  th e  f o r e s t s ,  young 

o&lvoo a re  r a r e ly  oxpoBed to  d i r e c t  z u n llg h t,  

whereas in  d eg en era te  lowland h a b i ta t s  they  may 

be seon dragging them seivea a long  b e s id e , or 

beneath  the  dam through the mid-day hea t to  

w ater h o le s  or feed in g  grounds# 

v ) Exposure to  d i r e c t  s u n l ig h t i E xperience o f e le 

phants in  f o r e s t  h a b i ta t s  convinces one th a t  

exposure to  d i r e c t  s u n lig h t i s  enjoyed norm ally 

only f o r  lim ite d  p e r io d s , and th a t  shade, coolness 

and hum idity  a re  p re fe r re d  to  prolonged exposure 

to  th e  t r o p ic a l  sun# E lephants observed in  the  

d eg en era te  lowland h a b i ta t s  a re  p e rfo rc e  su b jec te d  

to  prolonged p erio d s  of exposure to  unm itigated  

s u n lig h t ,  a f a c to r  which I  have suggested  as 

p o ss ib ly  being c o r re la te d  w ith  th e  occurrence of 

a o r t ic  c a lc i f i c a t io n  (oh H pp - a 5^3 and 

Appendix 4 ( l ik e s ,  in  p ress)#

v i )  P a ra s i te  burden# I t  i s  p o s s ib le  th a t  th e re  i s  a 

g re a te r  p a r a s i te  burden in  e lep h an ts  in  over

crowded, s e m i- re s tr ic te d  h a b ita ts#  Data a re  

no t a v a ila b le  Aom th i s  su rvey , however, on which
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to  base any d isc u ss io n  of t h i s  p o in t ,

v i i )  G enetic f a c to r s i I s o la t io n  of e lep h an t commun

i t i e s  in  s e m i- re s tr ic te d  h a b i ta ts

might encourage th e  s u rv iv a l of th o se  w ith 

advantageous g e n e tic  c h a r a c te r i s t i c s .  Data 

a re  a t  p re se n t inadequate  on which to  base any 

p o s i t iv e  d isc u ss io n  of t h i s  p o in t .

Summary of th e  th re e  h a b i ta t  types 

A. Montane (M)

m .l Uganda-Congoi Mt. Suwenzori 

ra.2 Kenya# Mts. Kenya, Kinangop and Satima 

m.3 Kenya-Tanzaniai Mt. K ilim anjaro  

General c h a r a c t e r i s t i c s i -

i ) A l t i tu d e  o f e lep h an t range# 5,000 -  10,000 f t .

ii)M ean annual r a i n f a l l # )  150 cm. 

i i i  )Tejnperature range# < lO^C -  26^0

iv )S u rface  w ater a v a i la b i l i ty #  always abundant in  

a lp in e  moorland bog seepages, f r e s h  sp rin g s  and 

flow ing  s tream s.

v)Exposure of e lephan t to  d i r e c t  s u n lig h t  in  g lad es 

and on moorland# u su a lly  oniy  a t  ni^jirb# e a r ly  

morning and evening; fre q u e n t cloud and m is t cover
WdLM-C-CS ,
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▼1)Diftturtcuno#i lim ited  disturbance by hunting In ^

 ̂A*5 higher a ltltu d ee .^ ^  Conelderable dleturbanoe by  ̂

hunting and *ga»e control* shooting a t lower a lt itu d e s '  ^  

and f o o t h i l l# ,  where c u lt iv a t io n  and fo restr y  plantstlomsk  

occur. H lstcry In d icates a ccnalderabls degree^of n a tive  

hunting In tb s p a s t, and in  the Mt# Kenya -  K lûngep» .

Satima ranges there is verbal history o f widespread^ 
In terferen ce with elephant, rhinoceros a n d b u ffa lc  by -4 .4

. ’  -*■' -â
means o f automatic m ilita ry  weapons during the Second  ̂ ^

World Vsr#

I t  Is  a lso  o f  note th a t very rapid encroachment by 

o e tt le a e n t  In th ese  areas I s  occurring a t  present and 

has g rea tly  accelerated  In the past three or fcmr y ea rs, 

with ex ten sive  d estru ction  o f the fo r e s t  b e lt s  from the 

f o o t h i l l s  in  an upward d irection #  on̂  the Kenya- Kinan

gop -  Satima ranges, an area known p ersonally  to the author 

fo r  some 35 y ea r s , th is  In terferen ce has already been seen  

to  a f f e c t  water su p p lies to  rar^ohes bn t h e . plateau f o o t -  ^
a  ^

b il ls *  Ths sx la tsn o#  o f  n stu rs l ssfosuards a g s ln st  s

s im ila r  ooourrsnos,on Nt* Kilimanjaro wars notsd bjr
-  : r ^ m

wood (1965). a  (?rs3t
,%'f ' ■ — ....

Uams Dspartosat 'oontrol* a c t iv i t i e s  hsvs a lso  includsd -

■:
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d itch in g  between new n ative  settlem en t schemes on what 

was, u n t i l  r e ce n tly , heavily  forested  land and the reoed-
r

Ing fo r e s t  lin e#  This * control* scheme was being carried  

out by the Game repartment during the course o f the f i e ld  

work on the present projeot, and I t  was already c lea r  that 

th is  aountaln range w il l  soon cease to  have v a lid ity  as 

a 'natural* h ab ita t type and become a *remtricted* one 

from the point o f view o f elephant population and migration# 

A sim ila r  s itu a t io n  was a lso  seen to be developing on 

Mt# JRuwensorl and, to a le s s e r  ex ten t, on certain |»lopes 

o f Kt# Kilimanjaro# i^evertheless, Si^ephant w ithin th ese  

ranges s t i l l  manage to  m igrate without r e s tr io t io n  through

out the upper fo rested  areas above the c u lt iv a t io n  lin e#  

v l l )  V egetatlonal cover# on a l l  th ese  three mountain 

ranges a dense montane g a lle r y  fo r e s t  b e lt  begins 

a t about 7 ,000  f t#  a ltitu d e#  On the Kenya -  Kinangop -  

Satima complex th is  I s  follow ed  by a dense bamboo fo r e s t  

b e lt ,  succeeded by g ia n t heath and tussock  moorland, which 

lead s up to the ro ck -b elt and the snow -line# Towards 

the upper edges of the fo r e s t  b e lt s ,  g lad es occur and 

u su a lly  a ttr a c t  game# These often  surround a lp in e  

seepage bogs, favoured as wallows or l i c k s ,  and sa id  to
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have a high podium and Magnesium content#  The 

su rround ing  ground becomes compacted by th e  tendency 

of th e  game to  *stamp* and g race  there#

Throughout th e  warmer p ério d e  o f th e  day, e lep h an t 

a re  u eu o lly  hidden in  th e  d eep ly  ehaded, humid, bamboo 

end g a l le r y  f o r e s t s ,  dig/ring in  th e  s o f t  s o i l  and le a f  

mould fo r  ro o ts  and tu b e rs ,  and feed in g  on th e  r ic h  

V arie ty  o f p la n t  m a te ria l a v a i la b le .  The f o r e s t  s o i l s  

g e n e ra lly  have a high Phosphorus and Calcium co n ten t 

(Wood 1965 ) . As th e  au th o r has f re q u e n tly  noted th e  

presenoe o f s o i l  and s to n es  in  the  stomach co n ten ts  o f  

most of the  e lep h an ts  s tu d ie d , i t  seems p ro b ab le  t h a t  th e
ar\<k S e l f

anim als a lso  a c tu a l ly  e a t  le a f -e o u ld ^ in  th e  f o r e s t  hab i

t a t s .  P ersonal o b se rv a tio n  o f e lep h an te  a p p a re n tly  

doing th io ,  and fragm ents o f  what appeared to  be dead 

f o r e s t  esiVes found in  th e  stom?oh co n te r te  o f one 

montane epeoioen (U#103) would appear to  confirm  th is#

Vhether th e  h a b it  o f ooprophagy ever occurs norm ally  

in  w ild e lep h an ts  in  a f o r e s t  h a b i ta t ,  has n o t been 

d e so rib e d , a lthough  i t  i s  known to  occur in  c a p tiv e  

e le p h a n ts .

The stoBoch co n ten ts  o f th e  e lep h an ts  from th e  montane
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h a b i ta t s  in  g en e ra l shoved a  high p ro p o rtio n  of 

budding tw ig s, bamboo f i b r e ,  a rb o rea l le av es  and 

b a rk , and a v a r ie ty  of both  s o f t  and woody f r u i t s .  

Com paratively l i t t l e  monocotyledonous le a fy  m a te r ia l 

o th e r  than  bamboo was found. This shows a marked 

c o n tra s t  to  th e  68^ g rass  found by Buss ( I 96I}  in  

th e  stomach co n ten ts  of Uganda grasslcusd e le p h a n ts , 

a lthough  in s u f f ic ie n t  m a te r ia l i s  as y e t  a v a ila b le
r

on which to  base a m eaningful percen tage  e s tim a te .

The v e g e ta t io n a l  cover o f th e  montane h a b i ta ts  

s tu d ie d  in  t h i s  su rv ey , and l i s t e d  below , i s  b a s ic a l ly  

s im ila r  in  each a re a , w ith  th e  excep tion  of th e  

presenoe o r absence o f a wide b e l t  o f m ountain bamboo. 

Where (as  on th e  Kenya -  Kinemgop -  Satim a reuigee) th i s  

b e l t  i s  e x te n s iv e , beunboo form s' an im portan t p a r t  o f 

th e  e lep h an t d i e t .

/ L i s t
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List of Vegetational covers- montane habitats
(dominant species only)

Y .

1. G allery  f o r e s t  b e l t  
T reest

Agaurla e a l i c i f o l i a  
Calodendnun capense 
C asearia  b a ttiso o m b ei 
C assipourea malosana» 
Conopharingia usam barenais 
F icus spp .
Hagenie ab y es in ica  
I le x  m itis
Wacaranga k i lim andec h a ric a  

BambooI

A rundinoria a lp in a  
Clim bers and o rc h id s :

Begonia m eyeri-jo h an n is 
P o lystachya spp .
Scheff i e r a  v o lk e n s ii

M itragyna ru b ro s t ip u -  
l a t a

Myrica s a lic ifo B a  
S ev ton ia  buchanani 
Nuxia congests 
P lea  sf r ic a n a  
0 . k ilim an d sch a rica  
Ju n ip e ru s  p ro ce ra  
Pheenix spp .
Podocarpus spp . _

Shrubs:
Crassocephalum mannii 
Hypericum ré v o lu turn 
Hypericum spp .
L obelia g ibberoa 
Rubus v o lk e n s ii

Ground cover, in c lu d in g  f e r n s ,  t r e e  fe rn s  and l ic h e n :
Asplénium spp# 
Cardamine a f r io a n a  
Cyathea sp .
Cyp^erus spp .
D rynaria v o lk e n s ii 
Elephantoglossum  spp . 
Hymenophyllum sp . 
Im patiens spp .

Iso g lo ssa  laxa 
lyoopodium spp.

Mimulopsis k ilim an d sch aric a  
S e la g in e l la  k rau ss ia n a  
Trichomanes sp .
Usnea spp .
V io la em inii 
V i t t a r i a  spp .

♦ (d ie s  spon taneously  when exposed through f o r e s t  d e s tru c t io n )
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2. Mo ad and

T re es t ‘
Hagenia a b y s s in !oa 
Duxia congésta  
Rapania rhododendroid es 
Senecift k i j im a n ja r ic a  
S. battisoom be i 
S. keniodendron 
Seneoio spp*

G rassest
A g ro s tis  p ro d u c ts  
Andropogon am ethystinus 
rescham psia f lex u o sa  ' 
Exotheca ab y ss in ic a  
F estu ca  k i l im a n ja r ic a  
K o e le ria  g r a c i l i s  
P e n ta s c h is t is  b o ru ss io a  
P# minor

Shrubs, h e a th e r , h e a th - l ik e  bushes & ground-covert 
(o th e r  th an  Srami&ae)
Adenocarpus mannii 
Anemone thom sonii 
Anthospennum usam barensts 
A rabia a lp in a  
A rtem isia  a f r a  
B la e r ia  sp .
Carduus s te u d n e r i 
Diorama pendulum 
P isa  s t a i r s i i  
E rica  a rb o re s  
Euryops sp .
G lad io lus w atson io ides 
Helichrysum spp .

Hypericum ré v o lu turn

♦(has g o t lo n g , co n ica l 
f le s h y  stem -bases,w hich  
a re  much sought a f t e r  by 
e le p h a n ts )

K niphofia thom sonii 
Kotechya r e c u r v i f lo r a  

L obelia g ibberoa  
L. ab e rd a rio a  
L. k e n ie n s is  
L. s a ttim a e  
M ariseus k e r s te n i i#  
Myrica sp .
M yrsine a f r ic a n a  
P h i l ip p ia  spp .
P ro tea  k ilim andscfaarioa 
Soabiosa colum baria 
Selago jo h n s to n ii  

S toebe k ilim an d sch a ric a  
T rifo liu m  burchellianum  
T. oryptopodium
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3# A lpine boge
Lobelia s p p * Ip a r t ic u la r ly  L# d ec k en ii (G ian t L obelia) 
Seneoio e p p ., p a r t i c u la r ly  S# c o t t o n i i (G ian t G roundsel)

A lchem illa  spp .
Carduus k e n ie n s is  
Haplocarpa r u e p p e l l i i  
Lugula ab y e s in ic a  
Ranunculus oreophytus 

S v e r tia  c ra s s iu s c u la  
V eronica g landu loaa  

G rasses and g r a s s - l ik e  sedge:
Anthoxanthua spp .
Carex monostachyg (bog sedge)

K o ele ria  g r a c i l i s  
Poa sch im periana

The above l i s t  o f p la n ts  r e p re s e n ts  on ly  th e  common 

dom inant sp e c ie s  ( Dale & Greenway I 96 I ;  Greenway I 9 6 5 ) . 

C le a r ly  th i s  v e g e ta t io n a l  cover o f fe r s  g r e a t  v a r ie ty  and 

c o n tra s ts  markedly n o t on ly  w ith  th e  l im ite d  p la n t-s p e o ie s  

ran g e , bu t a ls o  th e  lim ite d  amount of p h y s ic a l cover, 

a v a i la b le  in  th e  low g ra ss la n d  and sc ru b lan d  h a b i ta t  ty p e s . 

One presumes th a t  i t  o f f e r s  th e  e lep h an ts  n o t only  a more 

in te r e s t i n g  d i e t ,  b u t a lso  one more l i k è ly  to  be s u f f i c i e n t  

in  bo th  balance  and q u a n tity  to  s a t i s f y  t h e i r  needs.

The f o r e s t  reg io n s  a ls o  o f f e r  s h e l t e r  from continuous 

exposure to  th e  sun , p riv acy  f o r  m ating and c a lv in g , and
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s a fe  feed in g  in  th e  d ay -tim e , w ith  o p p o rtu n ity  to

s le e p  a t  in te r v a ls  d u rin g  th e  n ig h t ,  a s i t u a t i o n  c le a r ly  

p re fe r re d  by e lep h an t when a v a i la b le  to  them. Rushby ( I 9 6 5 )

confirm s th i s  o b se rv a tio n , rem arking th a t  e lep h an t a re

norm ally  d iu rn a l  in  h a b i t  in  g en u in e ly  n a tu ra l  con

d i t i o n s .

B# G ra s s la n d  (O ) desentratt, SoAJûi^naU

g . l  Queen E liz a b e th  R a tio n a l Park  and e n v iro n s .

g .2  M urchison F a l l s  R a tio n a l Park  and en v iro n s .

G eneral c h a r a c te r i s t i c s  

i ) A l t i tu d e i  app rox im ate ly  2,000  -  5,000  f t .

ii)N ea n  annual r a i n f a l l :  100 -  125 cm.

iii)A p p ro x im a te  tem p era tu re  ran g e : I 8 ® -  30^0.

S o la r  m id -d ay  exposed  d ry  s o i l  te m p e ra tu re  

45® -  50® C.

S o la r m id-day exposed s o i l  tem p era tu re  under 
medium g ra s s  cover 24® -  26° C. (F ie ld  I 9 6 4 ) .

i v ) S u r f a o e  w a te r  a v a i l a b i l i t y :  a b u n d a n t.

v )S o i l :  th e  s o i l s  o h a r a c te r i s t i c  o f th e se  a re a s

a re  d e riv ed  from r e l a t i v e l y  young la c u s t r in e  o r

v o lc a n ic  d e p o s i ts ,  th e  l a t t e r  c o n s is t in g  of v o lc a n ic

t u f f s  spread  over th e  su rro u n d in g  co u n try s id e  and



— 3 i o

weathered to  form a o i le  o f lim ite d  f e r t i l i t y .  O ver-

g rac in g  of th e se  s o i l s ,  where they  o v e r l ie  g ra v e ls ,s a n d s
1 1*

and c lay s  o f th e  o r ig in a l  R i f t  V alley  bed , r e a d i ly  pro

duces sh e e t and g u lly  e ro s io n . Low d ra in ag e  a re a s  a re  

occupied by b lao k  s o i l s  o f low p o ro s i ty ,  

g . l  Queen E lis a b e th  R a tio n a l Park and env irons

T his i s  a g ra ss lan d  a re a  dominated by th e  g ra s se s  

Themeda t r i a n d r a , Sporobolus py ram idalis  and H yparrhenia 

spp . The e a s te rn  en v irons co n ta in  th e  Maramagambo F o re s t ,  

fo rm erly  dense and e x te n s iv e , r i s i n g  on to  th e  Kichwasba
ncui

P la te a u , b u t n o t reduced by th e  encroachment o f s e t t l e 

ments and te a  p la n ta t io n s .  On th e  n o r th -e a s te rn  and 

w estern  f la n k s  a re  ex p lo sio n  c r a t e r  a r e a s ,  and n o r th  and 

southw est a re  Lakes George and Edvard (O n p u b l.rep o rts  

RUTAE 1962- 6 6 ) .

L is t  o f v e g e ta t io n a l cover*

Maramaganbo F o re s t

Trees# "
Cynometra a le x a n d ri Maeeopsis em in ii
B a la n ite s  w ilso n ia  Uapaca g u iree n se
C e lt is  m ild b ra e d ii W arburgia ugandenais
S laeophora d r u if e ra

♦(Dominant spec ies#  Anon. I 9 6 2 )
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Maramagambo F o re s t ( co n t• )  ^

Shrubst
Argo cn te lie ra  m aorophylla 
L asiod lsous m ild b ra e d ii 
R ito h ie a  duchean ii 
T eolea n o b i l i s

R ip arian  and swamp f o r e s t  

T reest
A cacia m ild b ra ed ii

A. s ie b e r ia n a

Shrubs# — ir . 
Mimosa p ig ra  

- Securinega v iro s a  
Aeschynomene e la p h ro jy lo n  Sesbonia sesban  
C S e is to p h o lis  p a ten s 
Croton m acrostachyus 
Khaya g r a n d if o l io la  
Phoenix r e o l in g ta  
R auvo lfia  oxyphylla  
T r io h i l ia  roka

Sedges e tc .#
Cyperus papyrus 
L ee rs ia  hexandra 
P i s t i a  s t r a t i o t e s  
Typha a u s t r a l i s

T h ick e ts  and is o la te d  clumps 
Trees#

Acacia spp .
A lb ig ia  o o r ia r ia  
B a la n ite s  aegyp tiaca*  
Borassus aethiopioum  j ^  

C e lt is  a f r io a n a  
Euphorbia candelabrum:
E. davei

F icus gnaphalocarpa

Shrubs#

A llo p h y llu s  a fr io a n u s  .  ..
Cordia o v a lis
E ry thrococcus b o n g en a is '

Buolea la t id e n s  
G revia s im i l i s  

P lea  a f r io a n a
,v

P a v e tta  a lb e r t in a  
Seourinega v iro s a  
T eolea n o b i l i s

♦ ( th e  f r u i t s  a re  s a id  to  be e f f e c t iv e  a g a in s t  b i lh a r s i a )
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T h ick e ts  and is o la te d  olumpe ( c o n t .)
C lim bers:

C apparis e ry th ro o arp as
C .tom entosa
Cissiis quadrangulairia

G rassland eavarmah Grass es t

B o th rioch loa  spp . llyparrhen ia  f i l ip e n d u la
B raohyaria deovunbens Im perata c y l in d r ic a
Cenohrus c i l i a r i s  M icrochipa
Cymbppogon a fro n ard u s Ramphicarpa montana
E ra g ro s tis  te n u ifo l iu s  Sporobolus spp#
Hcteropogon c o n to rtu s  Themeda t r ia n d r a

T rees I ( s c a t te r e d ,  round— o r f l a t —topped th e m  t r e e s )  
A cacia g e r r a r d i i  A lb iz ia  o o r ia r ia

b ook ii and F icus gnaphalocarpa (huge,

âjL s ie b e r ia n a  w idely s c a t te r e d  shade t r e e s ,
common in  th e  extrem e sou th  
o f th e  P ark)

g .2 Murchison F a l l s  R a tio n a l Park and env irons
This park  d i f f e r s  only  s l i g h t l y  from th e  Queen E liz a b e th

R a tio n a l Bark and i s  d e sc rib ed  in  Appendix / ,  pp 5 5 5 * ^ 2 7 ^

(S ikes 19660 ) and Appendix (S ik e s , in  press)pp" (̂̂ 6

w ith  b ib lio g ra p h y . In  a re c e n t paper Buss ( I 9 6 6 ) showsci

how e f f e c t iv e ly  r e s t r i c t e d  w ith in  th e  M urchison F a l l s

R a tio n a l Park and i t s  a d ja c e n t E lephant Sanctuary  th e
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e lep h an t p o p u la tio m fo u n d  th e re  have become In  re c e n t  

years#

The l i s t  below g iv es  some of th e  more abundant 

and conspiouous sp e c ie s  found in  th e  Park (Anon# 1962; 

Bueohner & Dawkins I 96I ;  Bueohner, Buss ^  a l# ; Buss I 96I ;  

Buss & Savidge I 9 6 6 )#

L is t o f v e g e ta t io n a l  oover

Rabongo F o re s t

T reest Shrubs#
C hlorophora ex c e lsa  Acanthus pubescens
Cola g ig a n te a  A rgom uellera m acro p h jlla
Cynometra a le x a n d ri R inorea a r d is ia e  f l o r a
F icus spp . Rjj, i l i c i f o l i a
H olop te la  g ran d is  R. poggei
Khaya g ra n d ifo lb l^ a  R othaannia u r c e l l i f c r m is
P te ry g o ta  m ild b ra ed ii Seourinega v iro s a

R ip a rian  and swamp f o r e s t ,  V airingo 
Trees# Grasses# ■ <

Aoaoia spp# C h lo ris  gayana
Croton m aorostachyus S e ta r ia  s e tu lo s a

Khaya grandifoDolj^a*
T r io h i l ia  spp .

♦(Mahogany, o f te n  w ith  th e  b u t ts  of th e  t r e e s  g ro tesq u e

ly  sw ollen  owing to  re p e a te d  damage by e le p h a n t)
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T h ic k e t

T rees#

A cao la  s i e b e r i a n a  

A lb ig ia  o o r i a r i a  

C a s s ia  s i e b e r i a n a  

E u p h o rb ia  cande lab rum  

Tamarin d u s  in d ic a

Shrubs#

A cac ia  S e n e g a l 

Canthium  erassum  

Combretum ao u lea tu m  

rP a lb e r g ia  m elanoxy lon  

K ry th roxy lum  f i s c h e r i  

H eü^risonia a b y ss  i n i  ca  

T e o le a  n o b i l i s

G ra s s la n d  (d e g e n e ra te  w oodland and s h ru b  sa v a n n a h )

T re e s  #

A o acia  sp p .

A f z e l ia  a f r i o a n a  

B a la n i te s  a e g y p t ia c a  

B o ra ssu s  a e th io p io u m *  

Combretum s p p .

P io u s  s p p .

E u p h o rb ia  oandelabrum  

K ig e l i a  ae th iopum  

Innnea  s tu h lr a a n n ii  

Maerua a n g o le n s is  

P ro s o p is  a f r i o a n a  

T e rm in a l ia  g la u o e s c e n s

Shrubs#

Combretum b inderanum  

C ra te v a  a d a n s o n i i  

T onchooarpus l a x i f lo r m s  

p i l i o s t i g m a  th o n n in g i i  

P s e u d o c e d re la  k o ts c h y i  

S e o u r in e g a  v i r o s a  
G rasses#

B ra o h y a r ia  s p .  

Cymbopogon a f ro n a rd u s  

K y p a rrh e n ia  s p p .» *  

Im p e ra ta  c y l i n d r i c a  

• L ou(^etia a ru n d in a c e a  

Panioum maximum

S p o ro b o lu s  s p .

♦ ( th e  d i s t r i b u t i o n  o f  t h i s  palm  h as been  a t t r i b u t e d  to  
e le p h a n t  whiakare v e ry  fo n d  of e a t in g  th e  f r u i t s )

♦ ♦ ( t h i s  g r a s s  now fo rm s th e  b u lk  o f  th e  P a rk  and i s  
s t i l l  e x te n d in g )



— 2>\s —

c .  Scrubland ( s )  (jkjt(̂ ej(\exoXi ojnd UiocMand̂

TsaYo N ational Park (E ast),K en y a , and en v iro n s . 

G eneral c h a r a c te r i s t i c s  

i ) A l t i tu d e i  500 -  5*000 f e e t  

li)M ean annual r a in f a l l#  25 -  75 on ly  (Anon.1 )6 2 ).

iii)A p p ro x im a te  tem pera tu re  range#(18° -  32^0

iv)C lim ate#  a r id ,  w ith  one o r two r a in y  seasons 

a n n u a lly , se p a ra te d  by lo n g e r d ry  seaso n s; v e ry  

l im ite d  and w idely  se p a ra te d  su r fa c e  w ater d is c h a rg e s .

v )S o il  type# pre-Cam brian Basement Complex, w ith  

v o lc a n ic  e x tru s io n s . Most o f th e  a re a  nowadays c a r r ie s  

a  v e g e ta t io n a l oover o f d e g e n e ra te , mixed Commiphora- 

A cacia savannah, w ith  few la rg e r  t r e e s  rem ain ing  in  

i s o la te d  clumps o r n ea r *dongas* (w et-season  r i v e r  g a l le y s  

and su b -su rfa c e  * sa n d -r iv e rs* ) w ith in  th e  N ationa l P ark . 

V eg e ta tio n a l cover approxim ating  more c le s e ly  to  th a t  

o h a r a o te r i s t ic  o f th e  eurea some f i f t y  y e a rs  ago, s t i l l  

e x i s t s  o u ts id e  th e  Park b o u n d arie s .

S ince f i r e  i s  n o t e f f e c t iv e ly  c o n tro lle d  w ith in  th e  

P ark , and e lep h an t c o n c e n tra tio n  has been ex cess iv e  due 

to  th e  i n s t a l l a t i o n  of a r t i f i c i a l  w a te rin g  p o in ts  w ith in  

th e  Park (Appendix 4  PP I S ik es , in  p r e s s ) ,  th e
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n a tu ra l  v e g e ta t io n  has a t  p re s e n t l i t t l e  chance c f%
reco v e ry . O utside th e  P ark , however, where f i r e  i s  no t 

c o n tro lle d  b u t e a r ly  random burn ing  i s  o f te n  e f f e c t iv e ly ,  

i f  in a d v e r te n tly ,  c a r r ie d  o u t by honey s e e k e rs , h u n te rs  

and t r a v e l l e r s ,  and th e  e lep h an t do n o t c o n c e n tr a t t in  

s p e c i f ic  a re a s , th e  n a tu ra l  v e g e ta t io n  re g e n e ra te s  

f a i r l y  s u c c e s s fu l ly .

L is t  o f v e g e ta t io n a l cover -  dom inant sp ec ie s*

Trees#
Aoaoia e l a t i o r  
A# t o r t i l i s  
and Acacia spp.(l2<f} 
Adansonia d i g i t a t a  
A lb ig ia  an th e lm in tio a* * 
Boscia sp .
B osw ellia  h i ld e b ra n d t i i  
C assia  a b b re v ia ta  
Commiphora b a lu e n s is  
C# r i p a r i a
and Commiphora s p p .(74-) 
D elonix e l a t a  
D iospyros m esp ilifo rm is

F icus spp .
Hyphaene o o riacea  
Lannea a l a t a  
H elia  v o lk e n s ii  
Hewtonia sp l 
Phoenix r e c l in a ta  
P latycelyphium  voenae 
S te r c u l ia  spp . 
S y lv e tia  peruv iana  
Tamarindus in d ic a  
T erm in a lia  spp .

*(Bax & S h e ld rio k  1)63; D ougall & S h e ld rio k  1964 ;
Dale & Greenway I 96 I )

* * (In fu s io n  o f th e  ro o t-b a rk  used by th e  Samburu as a 
verm ifuge; bark  and ro o ts  b o iled  to  produce an em etic 
and la x a t iv e  in  m a la ria ; bark  used in  brew ing)
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S h ru b s f

A calypha f r u t i c o s a  

B a u h ln la  t a l t e n s i s  

B o sc la  o o r ia c e a  

C o rd ia  g h a ra f  

G re v ia  b i c o l o r  

G. s u l c a t a  

Premna r e s i n o s a  

P y rs n a c a n th a  m a lv i f o l i a  

S a lv a d o ra  p e r s io a  

Suaeda m onoioa* 

T e rm in a l ia  o r b i c u l a r i s

Ground c o v e r t

A b u ti lo n  m auritiam um  

A r i s t i d a  s p .

A sp arag u s s p .

B r a o h ia r ia  sp p .

C enohrus sp p .

C h lo r is  spp#
Commelina b e n g h a le n s is  

C yperus spp .
D ig e ra  a l t e r n i f o l i a  

E r a g r o s t i s  s p .

H e lio tro p u m  s p .

I n d ig o f e r a  s c h im p e r i  

Panioum s p p .

S a n s e v ie r ia  e h r e n b e r g i i  

Solanum incanum  

— S. r e n s c h i i

T e p h ro s ia  s p p .

T e tra p o g o n  s p .

D ouga ll & S h e ld r io k  ( 1 9 6 4 ) and Bax A S h e ld r io k  ( 1 963 )

have l i s t e d  some o f  th e s e , as v e i l  as some le s s  common

sp e c ie s  o f p la n ts  known to  be ea ten  by e lep h an t in  th e

T savo N a tio n a l  P a rk . They d i f f e r e n t i a t e  be tw een  th e  u se

o f  f r u i t s ;  b a rk ;  s h o o ts ,  l e a v e s ,  and tw ig s ;  and r o o t s

and t u b e r s .  They have a l s o  a n a ly s e d  many o f  th e s e  com ponent
r.‘ •

♦ (v e ry  h igh  N& c o n te n t, over 6 .1 jt, found on th e  edge of 
s a l t  pans (D ale & Greenway I 96 I )
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p a r ts  o f th e  d i e t .  U n fo rtu n a te ly  th e  an a ly ses  g iv e  

l i t t l e  in d ic a t io n  as to  a c tu a l  d a i ly  q u a n t i t ie s  - ^ z c e p t  

f o r  th e  percen tage  o f euBh, S i l i c a ,  Calcium , Phosphorus, 

crude p ro te in  and crude f i b r e  in  one d a y 's  d i e t  o f th e  

s in g le ,  tame e lep h an t "Samson*^ -  taken  by e lep h an t of 

d i f f e r e n t  eiges and a t  d i f f e r e n t  se aso n s , e s p e o ia l ly  

s in c e  many o f the h e rb s , c re e p e rs  and some o f . th e  

g ra s se s  a re  s h o r '^ iv e d  and would only  be a v a i la b le  d u rin g  

th e  r a in y  seasons th i s  work was s t i l l  in  i t s  e a r ly  stages#

These w orkers made only  a b r i e f  re fe re n c e  t  th e

r o le  of S a n s iv ie r ia  e h re n b e rg ii (w ild  s i s a l ) ,  m entioning 

th e  "common b e l i e f  th a t  e lep h an t can e x i s t  f o r  in d e f in i t e  

p e rio d s  w ithou t d r in k in g , m erely by chewing such p la n ts  

as S a n s e v ie r ia " . In  a p re lim in a ry  experim ent w ith  

S a n se v ie r ia  le av es  c o l le c te d  d u rin g  th e  wet seaso n , they  

e x tra c te d  about 30$ o f ' f r e e '  w ater from th e  p la n ts .

T his p la n tf= however^ i s  g r e a t ly  favoured  by e lep h an t 

p artio u leu rly  d u rin g  th e  d ry  seaso n . The le av es  and 

rhizom es a re  su c c u le n t, and th e  e lep h an ts  chew and b ru is e  

them, le av in g  on ly  th e  f i b r e ,  which i s  s p a t  ou t as  a 

d i s t i n c t iv e  'tw iz z le ' o r 'c h e w '.

Look ( 1 9 6 2 ) reported  th a t  c u l t iv a te d  s i s a l ,  Agave
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Bisalfitnat which c o n ta in s  a p re c u rso r  o f C o rtiso n e , and

i s  com parative ly  r i c h  in  m in e ra ls , i s  a ls o  much sought

a f t e r  by e lep h an t in  th e  d ry  seaso n . A rch ibald  (1954)

has reco rded  S a n se v ie r ia  t b y r s i f l o r a  as one o f th e  p la n ts

c o n tr ib u t in g  most to  th e  d i e t  o f e lep h an t in  th e  Addo

E lephant N ational Park in  South A fr ic a : h ere  th e  rhizom es

a re  uprooted  and e a te n . A lthough most re se a rc h e s  on

th e  s i s a l  p la n t  have concerned them selves w ith  th e

q u a l i ty  and amount o f f i b r e  p re s e n t ,  Davis (1904) t r i e d

to  f in d  a ohem ical b a s is  f o r  th e  common usage o f th e

rhiaom es in  A fric an  m edicine as a cure  f o r  haem orrhoids

and as a  verm ifuge, but p u b lish ed  no d e ta i le d  a n a ly s is ,

a p a r t  from m entioning  th e  occu rrence  o f a g lu e o s id e ,

a  g lo b u lin  and an albumen. A lthough Watt A B reyer- 
( 1962)

BrandwijlQ have g a th ered  more g en e ra l in fo rm atio n  on 

m edio inal and poisonous p ro p e r t ie s  o f p la n ts  in  Southern 

and E aste rn  A fr ic a , no d e ta i le d  account o f th e se  p l a n t s '  

com position could be found.

Another p la n t ,  which appears to  be o f  some 

im portance in  th e  d i e t  o f th e  Tsavo e le p h a n ts , and which 

i s  much used d u rin g  th e  d ry  seaso n , th e  whole b e in g  dug 

up w ith  tu sk s and f e e t  and then  broken in to  p ie c e s  and
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chewed, i s  th e  tu b e r  P y ren acsn th ia  m a lv ifo lia »  The 

t a s t e  of th i s  tu b e r , which can reach  a d iam eter o f 

approxim ately  3 - 4  f e e t ,  i s  somewhat b i t t e r  and 

causes p ro fu se  s a liv a t io n #

In  o th e r  p a r ts  o f th e  P a rk ,^ th e  r ip e  f r u i t s  o f 

th e  Doum Palm a re  e a te n , th e  t r e e  b e ing  shaken v ig o r

o u sly  by th e  e lep h an t u n t i l  any f r u i t s  above th e  reach  

o f th e  a n im a l 's  tru n k  f a l l  to  th e  ground. In  o th e r  

a re a s  of A fr ic a , where th e  au th o r has encountered  e l e -  

phemt in  Doum and Boremsus palm h a b i t a t s ,  i t  was noted  

th a t  th e  f n t t s  a re  e s p e c ia l ly  favoured  when fe rm en ta tio n  

o f th e  pulp has begun. I t  i s  a lso  reco g n ised  th a t  

e lep h an t a re  im p o rtan t ag en ts  in  th e  d is p e r s a l  o f th e se  

s p e c ie s ,  th e  seeds o f which a re  n o t d ig e s te d  (D ale & 

Greenway 1 )6 1 ).

Bo sy s tem a tio  sam pling appears to  have been a ttem pted  

to  d a te  o f w ater and s o i l  a t  w ater h o le s  and l ic k s  f o r  

chem ical analyses»  Two sam ples o f w ater from th e  

Ithufflbo Springs and from th e  w ell a t  Voi R iver Rdololo 

w ith  a pH of 6 .6  and 6 .9  re s p e c tiv e ly ,a n d  bo th  w ith  4 6̂0 

h ard n ess , do n o t appear to  be s ig n i f i c a n t  f o r  t h i s  p re se n t 

su rv ey . The on ly  r e s u l t s  a v a i la b le  on s o i l  sam ples were
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d eriv ed  from l ic ^ ^ re m o te  from th e  e lep h an t s tudy  a re a

used in  th i s  p ro je o t .

■ V'
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( a )  M ontane j u n ip e r  f o r e s t ,  K inangop 

M oun ta in , sh o v in g  a l p i n e  m oorland  

and p eak s  i n  b a ck g ro u n d .

( b )  M ontane f o r e s t#  n o r th e r n  s h o u ld e r ,  

Mt. R u v e n z o r i .
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PLATE XXXI

(a )  G iant h ea th  on a lp in e  m oorland. 
Gtira F a l ls  on Mt# Kinangop.

(D) A lpine bog shoving s o i l  oompacted 
by game and a d i s t i n c t  e lep h an t t r a i l  
le ad in g  o u t to  th e  r i g h t .  Red-hot 
pokers (K niphofia  thom sonil ) seen  on 
th i s  bog a re  sa id  by some to  have been 
in tro d u c e d , bu t have been v e i l  known 
on Mt. Kinangop e in o e  th e  tu rn  o f th e  
ce n tu ry , and p o ss ib ly  lo n g e r .

(c )  Lover l im i t  o f montane bamboo as seen  in  

1985 . Many m iles a long  th e  lo v e r  edge 

o f th i s  f o r e s t  a re  c u r re n t ly  being  ou t ou t 

to  p rov ide  f o r  expanding s e t t le m e n ts .
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( a )  E lephant t r a i l  th rough  montane

bamboo f o r e s t ,  Mt# Kinangop, Kenya.

(b ) Montane g a l le r y  f o r e s t ,  M# Kinangop,

(pho tographs tak en  in  1934 I 
used h ere  by c o u rte sy  o f 
Mrs. £#F. S ik e s ) .
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PLATE XXXIII

Dry s e a s o n I

( a )  v iew  a c r o s s  s o ru b la n d  i n  e n v iro n s  

o f  Tsavo N a t io n a l  P a rk ,  K enya; ‘' i

( b )  v iew  o f  s c ru b la n d  w i th in  T savo N a t io n a l  

P a rk , show ing  com bined damage c a u se d  by 

e le p h a n t  and f i r e .
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( a )  Poum
-g

PLATE XXJOV

( a )  Poum palm  ( flyphaene o o r l a o e a ) 

on banks o f  Tsavo R iv e r ,  K enya.

: 'F

■i

/ 5

( b )  R ecen t v o lc a n ic  c in d e r  h e a p :

Tsavo N a tio n a l  P a rk , K enya.

. .

( c )  Baobab ( A danson ia  d i g i t a t a )

show ing damage to  b a rk ,  cau sed  

by e le p h a n t .  Tsavo e n v ir o n s ,  K enya.

Î
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( a )  Undsunaged b ao b ab , w ith  f u l l ,
1

w e t-a e a e o n  f o l i a g e ,  Mombasa, K enya.

( b )  Undamage b ao b ab , l e a f l e s s ,  a s  s e e n  

i n  t r a n s i t i o n a l  s e a s o n .

( o )  ( d )  T y p ic a l ,  i s o l a t e d ,  sh ad y  t r e e s  

(A c ac ia  8 p p . ) u sed  a s  r e s t i n g - p l a c e s  

by e le p h a n t  i n  Tsavo and e n v ir o n s ,  

(K enya) d u r in g  th e  m idday h e a t .

ft ^=5%.
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PLATE XXXVI

( a )  R ainy  seaso n #  a  fo rm e r  f i r e - b r e a k ,  

Tsavo N a t io n a l  P a rk  boundEury.

(b )  F o l ia g e  f r e s h l y  b ro w sed , and s o i l  

f r e s h l y  p lo u g h ed  by e le p h a n t ,  Tsavo
ÔJ% .

e n v ir o n s ,  Kenya# — E fU cKCea.

( c )  G ra sse s  emd h e rb s  e a te n  by e le p h a n t

i n  Tsavo and e n v iro n s  #
^  Kid (2îliartç,
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PLATE XXXVII

( a )  Dry seaso n #  F y re n a c a n th a  m a l v i f o l i a  Engl#

(b )  T r a n s i t i o n a l  season#  A o ac ia  e l a t i o r .

( o )  V et season#  E f f e c t s  o f  e le p h a n t

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

cover#  A

# !
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■ mm PLATE XXXVIII

( a )  ( b )  Ipom oea mombaBsana» V atke

(c )  B ra c h la r ia  sp .
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PUTE XXXIX

(a )  Encroachment on th e  c o a s ta l  fo re s t- le n d s . 
n ear M alind l, Kenya# Form erly th e se  
c o a s ta l f o r e s t s  con ta ined  la rg e  e lep h an t 
p o p u la tio n s  and c o n s t i tu te d  th e  main 
d ry-6eason  re fu g ee  and ca lv in g  grounds#

(b ) D ev asta tio n  caused by e lep h an t around th e  
a r t i f i c i a l  w ater h o le , Aruba Dam, s i tu a te d  
w ith in  th e  Tsavo N atio n a l Park (Ekist)#
Dam and s a f a r i  lodge were b u i l t  in  19^3

(o ) A b u ll  e lep h an t v ig o ro u s ly  shak ing  a doum 
palm in  an e f f o r t  to  d is lo d g e  th e  f r u i t #
In  Tsavo N ational P ark , Kenya, n ea r 
w estern  boundary#
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PUTK XL puv

« S s

( a )  U n m itig a te d  e x p o su re  to  th e  m idday eun

i n  s c r u b la n d , show ing  advanced  d e g e n e ra t io n

( b )  A v e ry  f i n e  s e n io r  b u l l  (p ro b a b ly  m o la r 

age  g roup  V) i n  a t r a n s i t i o n a l  m o n ta n e / 

s c ru b la n d  h a b i t a t ,  K enya.
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PLATE XLI

(a) D e g en e ra te  sav an n ah  w oodland i n  th e  

'E le p h a n t  S a n c tu a ry '»  M.W# Uganda#

( h )  A h e rd  o f  n u r s in g  cow e le p h a n t  i n  th e  

K uroh ison  F a l l s  n a t i o n a l  P a rk , Uganda# 

T h e ir  d i e t  c o n s i s t s  o f  68% g r a s s ,  emd 

th e  e le p h a n t ,  in c lu d in g  young c a l v e s ,  

s u f f e r  u n m it ig a te d  e x p o su re  to  t r o p i c a l  

s u n l i g h t  and h e a t#

j
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C hapter 10 

Age and S ta tu e

Methods fo r  th e  d e te rm in a tio n  of r e l a t i v e  age
in  the  A frican  e lep h an t

The method u&ed in  th e  d e te rm in a tio n  of th e  r e l a t i v e  

age of th e  f o r ty  A frican  e lep h an ts  examined in  th i s  

p ro je c t  i s  f u l l y  d esc rib ed  in  Appendix ^ pp 2.^5’-

(S ikes 1966b ) .

I t  had become apparen t in  d is c u s s io n  w ith  o th e r  

workers engaged in  e lep h an t re se a rc h  in  A fr ic a  th a t  

e x is t in g  methods fo r  ageing  th e  sp e c ie s  on th e  b a s is  of 

m olar e ru p tio n  were cumbersome and of lim ite d  r e l i a b i l i t y .  

Based upon th e  p a t te rn  and s iz e  of th e  r id g e s  o f th e  molar 

crowns, th e re  was always th e  p o s s i b i l i t y  th a t  in  e lep h an t 

c o lle c te d  from d i f f e r e n t  h a b i ta t  types th e se  methods might 

f a i l  to  allow  f o r  d if fe re n c e s  in  r a t e  of molar wear and 

crown developm ent. Moreover, they d id  n o t p ro v id e  a 

r e l i a b l e  method f o r  id e n tify in g  th e  m olars c u r re n tly  in  

wear, o r a r e l i a b l e  re fe re n c e  p o in t in  any g iven  jaw , to  

which i t s  own m olar development could be r e l a t e d .

The p h y s ic a l bulk of th e  jaws and m olars of an 

e lep h an t pose an acu te  problem to  th e  f i e l d  w orker, who
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may wish to  age a g iven e lep h an t in  th e  f i e l d ,  h u t i s  

n o t in  a p o s i t io n  to  tr a n s p o r t  whole jaws to  d i s t a n t  

re fe re n c e  c o l le c t io n s  f o r  a p p ra is a l .

The need f o r  a much s im p le r and more d i r e c t  method 

f o r  use by f i e l d  woskers and h u n te rs  was e v id e n t, and th e  

au th o r th e re fo re  a ttem pted  an e n t i r e ly  new approach. 

A lthough th i s  new method i s  based , as a re  p rev io u s ones, 

upon th e  unique type  of m olar e ru p tio n  c h a r a c te r i s t i c  o f 

th e  ProboB cidea, i t  beg ins from a d i f f e r e n t  p rem ise: 

namely th e  c h a ra c te r  of th e  molar lam inary  p ro g re ss io n  

i t s e l f .  During th e  m olar p ro g re ss io n , a d e f in i t e  number 

o f p o te n t ia l  lam inae c h a r a c te r i s t i c  f o r  each m olar deve

lop  w ith in  th e  a lv e o l i ,  and p ro g ress  a n te r io r ly  along  

th e  m andibular ramus, p a s t  th e  foramen m en ta le , where 

sim ultaneous ro o t  r e s o rp t io n  and frag m en ta tio n  o f th e  crown 

o c c u rs . A lthough no t every  lam ina n e c e s s a r i ly  e ru p ts  

in to  f u l l  wear on th e  crown, each can be reco g n ised  from 

th e  l a t e r a l  a s p e c t .  R ecogn ition  o f th e  p a r t i c u la r  

lam ina c u r r e n tly  en passage p a s t  th e  foramen m en ta le , 

and assignm ent to  i t  o f a d e s c r ip t iv e  name o r number, thus 

p ro v id es  a sound b a s is  f o r  th e  d e te rm in a tio n  of r e l a t i v e  

age . S ince a t o t a l  of 57 re c o g n isa b le  p o te n t ia l  lam inae
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p r o g re s s } e a § h  m an d ib u la r  ramus i n  t h e  maximum p o t e n t i a l  
r

life-span of a normal African elephant of either sex, 
this method also provides an absolute age-scale#

W hile t h i s  method may n o t  a p p e a r  a c a d e m ic a l ly  a s  

d e t a i l e d  as  th o s e  s u g g e s te d  by o t h e r  w o rk e r s ,  i t  has  

c o n s i d e r a b le  a d v a n ta g e s  f o r  t h e  f i e l d  w o rk e r .  F i r s t ,  

i t  o b v ia t e s  th e  n e c e s s i t y  to  t r a n s p o r t  and s t o r e  w hole  . 

jaws f o r  s u b s e q u e n t  age d e t e r m i n a t i o n  by e x p e r t s ;  

s e c o n d ly ,  i t  does  n o t  r e q u i r e  t h e  a s s i g n a t i o n  t o  th e  

spec im en  o f  an  age  b ased  on a n n u a l  in c re m e n ts  w h ich , 

a t  b e s t ,  can  be b u t  a r b i t r a r y  i n  t h e  c a s e  o f  a d u l t  a n im a ls  

i n  v iew  o f  t h e  e x c e e d in g ly  l i m i t e d  d a t a  a v a i l a b l e  a t  th e  

p r e s e n t  t im e ;  t h i r d l y ,  i t  i s  based  upon th e  n a t u r a l  

p r o g r e s s i o n  o f  a d e f i n i t e ,  c h a r a c t e r i s t i c  number o f  

p o t e n t i a l  m o la r  lam in ae  o f  which th e  s i x  m o la r s ,  p o te n 

t i a l l y  a v a i l a b l e  i n  each  h a l f - j a w ,  a r e  co m p rised ;  

f o u r t h l y ,  i t  a l lo w s  f o r  th e  i n d i v i d u a l  spec im en  t o  be 

aged by a s im p le  d e s c r i p t i v e  fo rm u la  b a se d  upon a  numbered 

p h y s i o l o g i c a l  p r o g r e s s i o n  w hich  a p p e a rs  t o  be  in d e p e n d e n t  . 

o f  n u t r i t i o n ,  h e a l t h ,  t o o th - w e a r  o r  h a b i t a t  ty p e ;  

f i f t h l y ,  i t  a p p l i e s  e q u a l ly  t o  m ales and f e m a le s ;  

s i x t h l y ,  i t  i s  u n n e c e s s a ry  to  spend  t im e  exsimining a l l
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fo u r  h a lf- ja w s  in  d e t a i l ,  and i t  w il l  be seen  th a t  

d if fe re n c e s  in  wear r e l a t i n g  to  th e  a n te r io r  fragm en ting  

p o rtio n s  o r in te rm e d ia te  e ro s io n  p o in ts  a re  i r r e le v a n t  to  

th i s  method; f i n a l l y ,  i t  i s  s u f f i c i e n t ly  sim ple f o r  any 

re se a rc h  w orker, h u n te r , f i e l d  a s s i s t a n t ,  or elepham t guard 

to  use  in  th e  course  of h is  normal d u t ie s .

In  th e  lam inary  p ro g re ss io n , beg inn ing  a t  b i r t h  of 

th e  e lep h a n t, six*m olars made up of a t o t a l  o f 57 poten

t i a l  lam inae, move p ro g re s s iv e ly  along  each m andibular 

ramus in  an a n te r io r  d i r e c t io n .  The f i r s t  lam ina of th e  

f i r s t  lower m olar o f each m andible e ru p ts  ju s t  above th e  

foramen m entale soon a f t e r  b i r t h .  As each molar moves
OJip)i^cur fo

a n te r io r ly  p a s t  th e  foramen m en tale , i t s  r o o t s b e n t i  

backward as 'f a n g s ' and^reso rbed , w h ile  th e  brown fragm ents 

i r r e g u la r ly ,  th e  broken p o r tio n s  being  dropped from th e  

mouth o r sw allowed.

When th e  l a s t  lam ina of th e  s ix th  m olar l i e s  above 

th e  foramen m en ta le , m a s tic a tio n  i s  no lo n g er p o s s ib le ,  

and th e  e lep h an t d e c lin e s  r a p id ly .  An e ld e r ly  e lep h an t 

approaching th i s  p o in t i s  d esc rib ed  in  Appendix ^  p . 290 

and P la te  V. Another was d esc rib ed  by P erry  (1954).

The normal molar p ro g re ss io n  a long  each m andibular
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ramus c o n s is ta  o f th e  fo llow ing# m olar I# 5 p o te n t ia l  

lam inae; l i t  7 lam inae; I II#  10 lam inae; IV# 10 lam inae; 

V# 12 lam inae; VI# 13 lam inae. Care has been tak en  to  

d e s c r ib e  th e se  as 'p o t e n t i a l '  lam inae, f o r ,  a lth o u g h  th e  

pulp  p o ssesses  th e  number o f tra n s v e rs e  branches g iven  

above and a l l  o f th e se  norm ally  c a lc i f y ,  n o t a l l  in v a r ia b ly  

grow to  th e  le v e l o f th e  crown and come in to  w ear. They 

may rem ain as low b u t tr e s s e s  and p i l l a r s  a t  th e  a n te r io r  

and p o s te r io r  ends of th e  m olars, o r  they  may come in to  

wear asym m etrica lly . m are rea^nisa^ok '

D is c u s s io n  o f  d a ta  and f in d in g s  o f  Laws and S ik e s

A re c e n t p u b lic a t io n  by Laws (1 )6 6 ) i s  o f very  g re a t  

va lu e  in  th a t  i t  p rov ides a w ealth  o f d a ta ,  v a lu a b le  in  

u n d erstan d in g  th e  growth and id e n t i ty  o f th e  in d iv id u a l 

m olars in  each h a lf - ja w . I t  i s ,  however, con fusing  th a t

in  p u b lic a t io n , as in  p rev ious l i t e r a t u r e ,  o b se rv a tio n s  

on th e  number o f lam inae c h a r a c te r i s t i c  o f each m olar 

have no t been considered  in  term s of th e  p o te n t ia l  develop

ment of the  pulp  i t s e l f  and c a lc i f i c a t io n  of i t s  component 

'b u d s '.  A pparen tly  th e  reaso n  fo r  t h i s  i s  th a t  d r ie d  jaws 

wer* used f o r  Laws' s tu d y , n o t a l l  o f which were opened 

e i th e r  m ed ia lly  o r b u cc a lly  fo r  exam ination  o f ro o t
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developm ent. In  h is  p u b lic a t io n , ch ro n o lo g ica l ages 

d eriv ed  from body growth curves have been a r b i t r a r i l y  

assigned  to  t h i r t y  m olar-age groups, dependent e n t i r e ly  

on crown r id g e  p a t te rn s  which in c lu d e  th e  a n te r io r  f ra g 

menting p o r t io n s .

The bu lk  o f d a ta  r e f e r s  to  e lep h an t c o l le c te d  w ith in  

th e  low g ra ss la n d  h a b i ta ts  o f Uganda, which, as shown in  

Appendix >4 pp 6c7 6 (S ik es , in  p re s s )  re p re s e n t  d eg en era te

h a b i ta ts  in  which th e re  i s  reaso n  to  th in k  th a t  p o te n t ia l  

lo n g e v ity  in  th e  e lep h an ts  i s  abnorm ally low. This i s  

thought to  be lin k ed  w ith  th e  occurrence of c a rd io v a sc u la r  

d is e a se  p a t te rn s  a s so c ia te d  w ith  th e  d eg en era tio n  of th e  

h a b i ta t .  A bnorm alities o f th e  m olars mentioned by Laws 

appear to  be a s so c ia te d  w ith  th e  deranged Calcium m etabolism  

I  have d escrib ed  in  th e  above Appendix ( 4  ) ,  .

I t  i s  most g r a t i f y in g  th a t  th e  sequence d esc rib ed  

fo r  the  la rg e  number of Ja© /^(385) examined by Laws 

co incided  adm irably  w ith  th a t  d esc rib ed  in  my own paÿer 

( 1966b) and in  f a c t  'd o v e - t a i l s '  in  such a way th a t  many 

gaps in  my jaw sequence a re  f i l l e d  by Laws' d a ta .  One 

s e r io u s  gap in  both  s e r ie s  r e l a t e s  to  th e  second m olar. 

S u ffij^c ien t d a ta  a re  a v a i la b le ,  however, from th e  B asel Zoo
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e lep h an ts  (Lang I 9 6 5 ) to  f i l l  in  t h i s  gap a l s o ,  and to  

in d ic a te  th a t  l i t t l e  frag m en ta tio n  o f th i s  to o th  occurs 

w hile i t  i s  in  th e  jaw. In th is  case th e  whole, o r most 

o f th e , to o th  i s  f i n a l l y  shed as a com plete u n i t .

The la c k  of f i e l d  m a te r ia l in  th i s  group o f ca lv es  

has th re e  p robab le  e x p lan a tio n s# -  i )  th e  jaws o f ca lv es  

dying n a tu ra l ly  in  th e  w ilds a re  u s u a lly  com pletely  

dem olished by scavengers and a re  r a r e ly  found; i i )  h u n te rs  

and re se a rc h  workers have tended to  avoid th e  n e c e s s i ty  of 

sh o o tin g  young c a lv e s , which most p eo p le , however experienced  

th ey  may be as h u n te rs  (Rushby I 9 6 5 ) , f in d  s in g u la r ly  

d is t r e s s in g ;  i i i )  in  cases where th e  dam has been s h o t, 

a young c a l f  i s  u su a lly  im m ediately taken  o f f  by th e  herd 

and adopted by ano ther n u rs in g  cow. The au th o r has w itnessed  

th i s  occurrence s e v e ra l tim es , and i t  i s  a ls o  w ell au then

t ic a te d  by o th e r  re se a rc h  workers (Savidge 1 9 6 4 ) and 

h u n te rs  (Rushby 196$; B e ll i 9 6 0 ).

N ev e rth e less , a lthough  th e  r e l a t i v e  age sequences 

harm onise w ithou t any d isc re p a n c ie s  a t  a l l .  Laws' 30 a rb i

t r a r y  •age groups* and "mean-age y ea rs"  appear to  be very  

i r r e g u la r  indeed when shown a g a in s t th e  lam inary  age 

sequence, combining h i s ,  Lang's and my d a ta  (FIG.
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C le a r ly  he h im se lf recogn ised  th e  r i s k  o f i r r e g u l a r i t i e s  

o ccu rrin g  i f  an a r b i t r a r y  s c a le  o f th i s  n a tu re  were 

proposed, f o r  he w rote#- " The 30^age groups a re  a 

ranked s e r i e s ,  and w hile we can be c o n fid e n t th a t  th ey  

re p re s e n t a s e r ie s  of in c re a s in g  ag es, th e  a l lo c a t io n  o f 

a b so lu te  ages p re se n ts  d i f f i c u l t i e s  Although faced

w ith  th e se  d i f f i c u l t i e s ,  an a ttem p t has n e v e r th e le s s  

been made to  a l lo c a te  ages to  th e  g ro u p s, because even 

crude e s tim a te s  of a b so lu te  ages which caji l a t e r  be r e f in e d ,  

a re  more u se fu l than  r e l a t i v e  ages" (Laws I 9 6 6 , p . l6 - 1 7 ) .

Exam ination of P lo IfZ  p 375 shows th a t  th e  a l lo c a t io n  

o f y ea r-ag es  based on c a p tiv e  e lep h an ts  o f known age 

harm onises reaso n ab ly  w ith  Laws' and my s c a le s  up to  

about th e  age o f 25  -  30 years*  Above t h i s  p o in t ,  

however, I  am unab le  to  accep t h is  age ing  sequence e i th e r  

in  grouping or mean ages in  y e a rs . A normal d e c lin e  in  

g ro w th -ra te , bo th  in  th e  body as a whole and in  in d iv i 

dual o rgans, alm ost in v a r ia b ly  c h a ra c te r is e s  mammalian 

growth cu ^ e s(S e ev e .A  Huxley 1945)# The growth curves 

f o r  e lep h an t g iven  by Laws h e re  a re  based upon a m od ifi

c a tio n  of W alford 'a  method ( I 9 4 6 ) and show ju s t  such a 

le v e l l in g - o f f  o f body growth -  i . e .  a t  about 30 y e a rs
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in  th e  e lep h an t (Laws 1966, F ig .1 3 ). I t  would th u s  

be most p robab le  th a t  th e  p erio d  occupied by th e  

p ro g ress io n  of lam inae of th e  f i f t h  and s ix th  m olars 

would be lo n g e r, perhaps tw ice  o r th re e  tim es as long  

as th e  period  o f ra p id  growth in  th e  f i r s t  2 5 -3 0  y e a r s .

AS a d d itio n a l d a ta  become a v a i la b le ,  i t  seems 

in c re a s in g ly  p robab le  th a t  th e  b e l ie f  o f e a r ly  w r i te r s  

th a t  th e  development and l i f e - s p a n  of th e  e lep h an t a re  

b ro ad ly  s im ila r  to  th a t  o f Man i s  r i g h t .

As Laws( 1 9 6 6 ) p o in ts  o u t, th e re  i s  some evidence 

a v a ila b le  in d ic a t in g  a d if fe re n c e  in  growth r a t e  of 

e lep h an ts  from d i f f e r e n t  a r e a s ,  such as th e  Sudan, th e  

Congo, and Uganda. Such h a b i ta t  d if fe re n c e s  a re  

undoubtedly a lso  r e f le c te d  in  tu sk  d e n s ity  and growth 

c h a ra c te r ,  f e a tu re s  on which th e  iv o ry  c a te g o r ie s ,  used 

in  th e  iv o ry  tra d e  in  th e  A fric an , In d ian  and C hinese 

m arkets, have been based f o r  s e v e ra l c e n tu r ie s  (V a lje e , 

1965 , p e r s . communication; P e re ira  p e rso n a l communication; 

Anon. 1886 ; Oust 1902; D utt I 90 I ,  M askell I 9 0 5 ) .

In  any c a se , i t  i s  q u ite  c le a r  th a t  above 25 -  30 

y e a rs  o f age, th e  a l lo c a t io n  o f y e a r-ag e s  can a t  p re s e n t 

be a t  b e s t  only  a r b i t r a r y .  Laws s t a t e d ,  as reg a rd s  th e
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y ea r-ag e  a l lo c a t io n s  to  h is  eca le tr- " A more o r l e s s  

a r b i t r a r y  assessm ent of th e  tim e -so a le  was m ad e ... By 

re fe re n c e  to  th e  estim ated  p o te n t ia l  lo n g e v ity , a r b i 

t r a r y  tim e in te r v a ls  were then  a l lo c a te d ,  as a f i r s t  

approx im ation ."  In  view of th e  i r r e g u la r i t y  o f h is  

t h i r t y  age g roups, when en te red  a g a in s t  th e  foram en- 

m ental e l in e  (FM l i n e ) ,  h is  a r b i t r a r y  a l lo c a t io n  o f a 

tim e s c a le  i s  seen  to  be^Lomewhat m isleading^ voLujl.

The FM s c a le  suggested  as a r e l ia b le #  p r a c t i c a l
ageing system

One cannot escape th e  conclusion  th a t  th e  FM l in e  

p rov ides a n a tu ra l  and r e l i a b l e  a g e -re fe re n c e  s c a le ,  

which i s  g r e a t ly  to  be p re fe r re d  to  an a r b i t r a r i l y  

a l lo c a te d  tim e s c a le ,  e s p e c ia l ly  above th e  p o in t o f 

e lep h an t m a tu rity  (25-30 y e a r s ,  or FM .V/2-5). Commenting 

on th i s  new techn ique in  a p e rso n a l com munication, S c o tt 

( 1966 ) w rote#- " th e  f r e s h  approach, in  p a r t i c u la r  th e  use 

of th e  foramen m entale as a datum p o in t ,  g e ts  r id  o f th e  

troublesom e asym m etrical wear o f th e  a n te r io r  end o f th e  

m o la rs" .

I f  adopted w idely , th e  d e s c r ip t io n  of iam iiitgy age 

by th e  FM form ula (o r  p o s s ib ly  by lam inary  num ber), would 

be a p p lic a b le  to  e lep h an ts  of e i th e r  v a r ie ty  ( a f r ic a n a  o r
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o y o lo t la ) ( P e t te r  I 9 6 4 ); tak en  from any h a b i t a t ,  

i r r e s p e c t iv e  of lo c a l  g ro w th -ra te  d i f f e r e n c e s .

M oreover, t h i s  s c a le  d e s c r ib e s  th e  n a tu ra l  norm to  

which th e  i r r e g u l a r i t i e s  and a b n o rm a litie s  in  to o th  

developm ent seen  o c c a s io n a lly  in  e lep h an t jaws can be 

p ro p e r ly  o r ie n ta te d .

The lam inary -uge r e fe re n c e  c h a r t ,  FIG. tX  p 3 7 0  

shows a ls o  th a t  bo th  th e  deg ree  of i r r e g u l a r i t y  in  

f ra g m en ta tio n  o f th e  a n te r io r  molar ' s h e l f ,  and of 

e ro s io n  a t  th e  c o n ta c t p o in ts  a t  th e  a n te r io r  and p o s t

e r io r  ends of th e  m o la rs , i s  i r r e le v a n t  in  th e  assessm en t 

o f lam inary  age .

The /  s ig n if ic a n c e  o f bony p ro g re ss io n  waves in  th e  
m andibular ramus

A f e a tu r e  o f th e  m andibular m olar p ro g re s s io n , which 

puzzled  th e  au th o r  f o r  some tim e , i s  in d ic a te d  in  FIG. 5̂. 37c? 

by l i n e  AB. I f  a l in e  i s  ru le d  ^through th e  l a s t  lam ina
m a i ^  I

in  wear of th e  p o s te r io r  m olar in  u se ^ in  aneh  mAndible&
CuyxJ

i t  i s  seen  to  l i e  p a r a l l e l  to  th e  FM l i n e / ^ a t  a co n s tan t 

d is ta n c e  of tw elve lam inae from i t .  I f ,  however, th e  l in e
A4 h>

i s  drawny êx a o tly  through each of th e s e  p o in ts ,  i t  i s  seen  

to  curve inward a t  each p o in t where a m olar ju n c tio n  occurs
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fo llo w in g  a s in g le  com plete worn m olar, and p r io r  to  th e  

emergence in to  wear of th e  le ad in g  lam ina of th e  n ex t 

m olar (A3^)* F 'g . IP- (>'370*

The s ig n if ic a n c e  of th i s  l in e  becomes ev id en t when 

th e  empty d ry  jaw s, from which th e  m olars have been e x tra c te d , 

a re  examined. In  P la te  Y l(b ) in  Appendix 6  {Sikes 1966b) 

one of th e se  i s  i l l u s t r a t e d .  As suggested  in  th a t  p ap e r, 

th e  forw ard p ro p u ls io n  of th e  m olars seems to  be provided 

by a w ave-like  a c tio n  o f th e  s t r u c tu r e  of th e  bone o f th e  

m andibular ram us, whereby a dynamic growth p a t te r n  i s  

produced.

This i s  n o t e n t i r e ly  s u r p r is in g  when one becomes 

fa m il ia r  w ith  th e  appearance of th e  bony a lv e o la r  

cap su les  which form te m p o ra rily  ^ u n d  th e  develop ing  

m olars in  th e  a lv e o la r  p o c k e ts , emd w ith  th e  ra p id  

i n f i l t r a t i o n  o f bony tra b e c u la e  in to  th e  space l e f t  

p o s te r io r  to  th e  f i n a l  lam ina of m olar VI as i t  p ro g re sse s  

fo rw ard s.

When th e se  wavy r id g e s  o f 'spongy* bone a re  counted 

in  any m andibular ramus, i t  i s  found th a t  th e re  are^alw ays 

tw elve in  o p e ra tio n  p o s te r io r  to  th e  foramen m en ta le . The 

number of waves appears u n a ffe c te d  by th e  d e p o s it io n  of
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th e  w id e r p lu g s  o f  p a c k in g  bone t h a t  a r e  n e c e s s a ry  

betw een  th e  a n t e r i o r  and th e  p o s t e r i o r  la m in a ry  r o o t  

g ro u p s  i n  th e  l a r g e r  m o la rs ,  a lth o u g h  th e  s p a c ih g  be tw een  

them seem s to  be v a r i a b l e  and a d a p ta b le .

The q u e s t io n  a s  to  w hat happens to  th e s e  tw e lv e  

waves a t  th e  tim e  when a  new m olar i s  ju s t 'm o v in g  i n t o  

w ear, a l s o  p u z z le d  th e  a u th o r  g r e a t l y  u n t i l  a  s tu d y  was 

made o f  th e  m a n d ib u la r  and m o lar a n g le s  i n  th e  a v a i l a b l e  

sp e c im e n s . One was a t  a  l o s s  to  know how b e s t  to  m easu re  

t h i s .  However, i f  s e a le -d ra w in g s  o f  th e  jaw , w ith  m o la rs  

exposed  m e d ia l ly  s i t u , a r e  made, a  s i n g l e  l i n e  may be  

r u le d  e q u id i s t a n t  from  crow n to  r o o t s  o f  t he  c en t r e  o f  

th e  c e n t r e  o f  th e  p o r t io n  o f  each  m o la r i n  w e ar, o r  com ing 

i n to  w ear, and p a r a l l e l  to  i t s  crow n. A n o th e r  l i n e  i s  

th e n  draw n th ro u g h  th e  d e v e lo p in g  la m in a e  i n  t h e  a lv e o la r  

p o c k e t  a s  n e a r ly  a s  p o s s ib l e  e q u i d i s t a n t  be tw een  i t s  

p o t e n t i a l  crown and r o o t s .  The a n g le  be tw een  th e s e  l i n e s ,  

th e  'm o la r  a n g le ' may b e  m easu red , and i s  s e e n  to  d e c r e a s e  

s l i g h t l y  i n  m ag n itu d e  from  c a l f  hood to  e a r l y  a d u lth o o d , 

and th e n  to  in c r e a s e  a g a in  a s  o ld  ag e  i s  a p p ro a c h e d .

T h is  change in  m o la r a n g le  seem s to  b e  a s s o c i a t e d  w ith  

th e  advance  o f  th e  m o lar p r o g r e s s io n .  The t o t a l  number
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of bony p ro g re ss io n  waves a n te r io r  to  th e  a n g le , how

ev e r, as mentioned above, appears always to  be tw elve , 

even when a new molar i s  J u s t  coming in to  wear* See FIG* 15

P 37/ .

The p r a c t ic a l  use of th e  FM s c a le  and fo rm u la , 
lam inary number, and so c ia l-a g e  group

In  Appendix /^péc?6 ( S ik es , in  p re s s )  a t te n t io n  i s

drawn to  th re e  sim ple and u se fu l m ethods, by which th e

age of A frican  e lep h an ts  may be described*  The f i r s t  of

th e se  i s  based on the  s o c ia l  a g e /s ta tu s  g roups,c h a r a c te r -

i s t i o  of u n r e s t r ic te d  w ild e lep h an t in  in d ig en o u s, u n sp o iled

h a b i ta t s ,  and i s  r e la te d  to  m olar-1am inary age* I t

could r e a d i ly  be used by f i e l d  e c o lo g is ts ,  h u n te rs  and

co n tro l o f f ic e r s  in  the  f i e l d ,  fo r  d e s c r ib in g  l iv in g  w ild

elephant*  The second method i s  sim ply to  d e s c r ib e  th e

lam inary number of a g iven  e lep h an t whose m olars may be

examined* This i s  merely a s ta tem en t as to  which o u t of
norm*4

the^sequence of 57 p o te n t ia l  lam inae, i s  c u r re n tly  s i tu a te d  

above th e  foramen m entale of th e  r ig h t  (o r  l e f t )  mandible* 

The th i rd  i s  th e  FM form ulas i . e .  th e  number of th e  m olar, 

w ith the  number of i t s  lam inae (alw ays numbered from th e
Currc^Mj  ̂ Above Iti, T̂Ctrnen rnejtWç

a n te r io r  to  th e  p o s te r io r  o f th e  molar and Jaw)^ For
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example, an e lep h an t o f lam inary age FM.V/9 has th e  n in th  

lam ina of th e  f i f t h  m o la r 's i tu a te d  above th e  foramen m en ta le#

One aged FM.IV/3-4 has th e  in te rv a l  between th e  th ird  and
% *

fo u rth  lam inae of th e  fo u r th  molar s i tu a te d  above th e  foramen 

m entale. A g en e ra l molar grouping based on th i s  form ula i s  

a lso  u se fu l in  th e  f i e ld  f o r  an e lep h an t in  which, f o r  example, 

any lam ina of th e  th ird  m olar l i e s  over th e  foramen m en tale# 

i t  may be sa id  to  be 'u s in g  i t s  th i r d  m o la r '.  S im ila r ly , one 

in  which any lam ina of th e  fo u r th  molar 1 ^  over th e  FM, would 

be sa id  to  be 'u s in g  i t s  fo u r th  molar# e t  seg .

A su g g estio n  th a t  th e  term 'lam in a ry  s ta g e  ' would be

p re fe ra b le  to  'lam in ary  ag e ' (M orrison -S co tt I 9 6 6 ) was consid

e red , bu t in  view of th e  a lre ad y  w idespread use in  A frica  among 

e lep h an t management and re se a rc h  workers o f th e  term  'm olar a g e ',  

i t  seems more c o n s is te n t m erely to  extend th e  e x is t in g  f i e l d

term inology and r e f e r  to  'lam in ary  a g e '.

Summary of procedure f o r  de term in ing  th e  lam inary  age 
o f a g iven  e lep h an t whose m ancibles may be examined

1. The r ig h t  m andible i s  d i s a r t ic u la te d  from th e  s k u l l  and 
sep a ra ted  from th e  l e f t  m andibular ramus a t  th e  symphysis 
manclibulae w ith  an axe. I t  i s  01 eared o f sk in  and flesh(PL .X X IX ,p .292)

2 . The bone on th e  m edial s id e  of th e  r ig h t  (u n d rie d )  m andible 
i s  c a re fu l ly  chipped away w ith  a very  sharp  axe o r machete to  
expose th e  com plete s e r ie s  o f m olars, both  th o se  in  wear and 
th o se  in  th e  a lv e o la r  pockets (PL. ALII, p . 372).
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3* The exact number o f c a lc i f ie d  lam inae, s i tu a te d

above and p o s te r io r  to  th e  foramen m en ta le , i s  

counted and th e i r  development noted* i . e .  w hether 

as a b u t t r e s s  o r a p i l l a r ,  w hether in  w ear, o r 

whether s t i l l  develop ing  w ith in  th e  a lv e o la r  ca p su le .

4 . By compaxkon of th e se  d a ta  w ith  th e  lam inary  age

diagram (PIG.*^ p 3^0  ) , i t  should  be p o s s ib le  to  

lo c a te  th e  exact s ta g e  reached in  th e  lam inary 

p ro g re ss io n . Should th e re  be any doub t, o r smy 

abnorm ality  p re s e n t, supernum erary m olars o r

lam inae0 i t  would be necessary  to  o b ta in  a d d i t io n a l  

data# i ) from th e  o th e r  th re e  h a lf - ja w s ; i i ) by 

m easuring th e  len g th  of th e  crown in  wear (from 

FM l in e  to  p o s te r io r  edge of crown in  w ear); i i i )  

maximum w idth o f crown in  wear (o u te r  edge of w idest 

enamel loop p o s te r io r  to  foramen m e n ta le )* and 

iv )  dry w eight o f m olars in  wear (Appendix ^ p « 2 S 6  

Sikes 1966b ) . Accuracy of th e  lam inary age ob ta ined  

may be checked by i t s  g en e ra l agreem ent w ith  euay 

a v a ila b le  body m easurem enta^d f i e l d  o b se rv a tio n s  

on th e  l iv e  an im a l 's  s o c ia l  age group and herd s t a tu s .  

In  cases of g ross anomaly, some cau sa l abno rm ality
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may be ev id en t upon f u r th e r  exam ination of th e  

c a rc a ss .

Tusk growth and ageing

Laws ( 1965» unpublished r e p o r ts )  has suggested  th a t  

tu sk  growth may be c o r re la te d  w ith age in  A frican  e le p h a n ts . 

He i s  c u r re n tly  c o l le c t in g  m a te r ia l to  in v e s t ig a te  t h i s  

h y p o th e s is , a lthough  p robab ly  few w orkers would reg a rd

th i s  as a p r a c t i c a l  f i e ld  techn ique fo r  ageing e le p h a n t.
cCftercv\\r

P la te s  XLV and jpp 375'-37^ i l l u s t r a t e s  some iwaps&l tu sk  types 

and the  e f f e c ts  of growth and wear upon them.

Tusk growth may, however, prove to  have e c o lo g ic a l 

s ig n if ic a n c e  r e l a t in g  to  th e  n u t r i t i o n a l  c h a r a c te r i s t ic s  

o f p a r tic u le ir  h a b i ta t s ,  or be of s t a t i s t i c a l  v a lu e  in  

a s se s s in g  g e n e tic  i s o la t io n  f a c to r s  (Irw in  1 9 6 4 )#

From th e  v iew poin t of th e  p re se n t s tu d y , th e  c h a ra c te r

o f normal tu sk  growth in  A frican  e lep h an ts  hua no p a r t i c u la r

s ig n i f ic a n c e ,  except in s o fa r  as i t  may be re le v a n t as 

th e  bELSis fo r  re c o g n itio n  and in te r p r e ta t io n  of tu sk  

abn o rm ality . This i s  r e f e r r e d  to  in  g r e a te r  d e t a i l  in  

ch. p 516 . Plains />' 3 7 3 , \L i \ j  37^ .

S o cia l age groups and herd s ta tu s

In  the  s e le c t io n  of e lep h an t f o r  exam ination  in  th i s
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p r o je c t ,  re c o g n itio n  of th e  s o c ia l  s t a tu s  o f in d iv id u a l 

anim als in  r e l a t io n  to  th e  herd o r group to  which they  

belonged was of g re a t  im portance. For th i s  pu rpose, 

o n e 's  p rev ious p erso n a l experience  proved in v a lu a b le , 

w hile a t  the  same tim e body measurements and exam ination 

e f  th e  g e n i ta l i a  a t  au topsy were of v a lu e  in  deve lop ing  

th i s  experience in to  a more ac cu ra te  assessm en t.

(P e rry  1953» 19&4; Amoroso & P erry  I 9 6 4 ) . The d e ta i le d  

s tudy  of the  o v a r ie s , t e s t i c u l a r  m a te r ia l ,  and p i t u i t a r y  

g lands c o lle c te d  in  th i s  p r o je c t ,  however, i s  s t i l l  

pending. Apombination o f th e  above c r i t e r i a  was used as

th e  b a s is  o f th e  so c ia l-ag e -g ro u p  assessm ent in d ic a te d  in
TAex-e. X

Appendix 4  pp and in  P ^ l  ( S ikes 1966b ) .

Laws ( in  p re s s )  has d esc rib ed  a n a ly t i c a l  work on 

herd s t r u c tu r e  c u r re n tly  in  p ro g ress  d u rin g  th e  Tsavo 

N ational Park cropping scheme, begun in  th e  l a t t e r  p a r t  of 

1965* U n fo rtu n a te ly , th e  f in d in g s  of th a t  p a r t i c u la r  

s tu d y , in  i s o l a t i o n ,  may them selves prove to  be a ty p ic a l  

in s o fa r  as they  a re  l ik e ly  to  r e f l e c t  th e  s t r e s s e s  and 

anom alies r e s u l t in g  from e lep h an t o v erp o p u la tio n  and 

h a b i ta t  d eg en era tio n  in  th a t  a re a .

/R efe ren ces
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PLATE X U I

M edial v iew  o f  r i g h t  m an d ib le  o f  an  

e le p h a n t ,  i l l u s t r a t i n g  th e  m ethod u se d  

f o r  e x p o s in g  th e  m o la r lam in ae  ( in c lu d in g  

th o s e  i n  th e  a lv e o la r  p o o k e t)  by means o f  

a  sh a rp  m achete  o r  axe  a t  th e  a u to p s y  s i t e #

(b ) M easurem ent o f  'g r in d in g  len g th *  

( s e e  S ik e s  1966b,pp286-287)#
A •  a n t e r i o r ;  P » p o s t e r i o r .

( c )  The developm en t o f  th e  t e e t h  o f  th e  r i g h t  

m and ib le  d u r in g  th e  c o m p le te  m o la r 

p r o g re s s io n  w hich o o c u rs  d u r in g  th e  

l i f e - t i m e  o f  th e  A f r ic a n  e le p h a n t#
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PLATE XU I
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PLATE XLIII

(a )  Eeœly tu sk  development in  th e  A frican  
e lep h an t. Young c a l f  M.135»

(h ) E arly  molar development ( r ig h t  m olars 
I  and I l ) i n  th e  A frican  e le p h an t.
C alf M.135» ( S a g i t ta l  s e c t io n ) .
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PLATE XLlll

A. 135.
L . a f ricana.

pretnaxillae 
horizontal vertical

sections
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PLATE XLIV

(a )  E arly  tu sk  development in  th e  A frican

e lep h an t. Y earling  c a l f ,  M .II4 (fem a le ). 

(S u rface  view and s a g i t t a l  s e c t io n ) .

( b )  As above: ju v e n i l e  m a le , M.113# 

( S a g i t t a l  s e c t i o n ) .
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P L A T E  XLIV

TUSK DEVELOPMENT 
M. 114
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 ̂ ; PLATE XLV
t

V a ria tio n s  in  tu sk  development in  a d u lt  A frican  

e lep h an t b u l ls t

(a )  M.116. Very w ell-cu rved  tu s k s , 205
and 200 cm long , w eight 29*5  and 27 kg.
Age FM/V/9-10. Tsavo en v iro n s .

(b ) M.&4# S h o rt, s tu rd y  tu sk s  o f dense iv o ry , 
w ith  fo rm erly  broken t i p s  now worn smooth 
aga in  by w ear. Length 190 and 170 cm. 
Weight 30 .5  and 28.8  kg . Age PM/V/6. 
Uganda g ra s s la n d .

(c )  M.117* Very w e ll-cu rv ed , long , wide tu sk s . 
Length 200 and 190 cm; w eight 37*5 and 35 
Age FM/V/11. Tsavo en v iro n s .

(d ) M.9 3 . Very s le n d e r , sh arp  tu s k s , l i t t l e  
worn and ap p a re n tly  l i t t l e  u sed , uength 

170  and 160  cm; w eight 10 .5  kg each .
Age FM/V/7. Uganda g ra s s la n d . This

âi m iddle-aged e lep h an t had advanced a o r t i c
T; r c a lc i f i c a t io n .
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PIATE XLVI

Foetus M.154

(a )  View in to  open mouth; m olars suid tu sk s  
no t y e t  e ru p ted .

(b ) Deciduous tu s k s 1 s a g i t t a l  s e c t io n s .

( c )  Dried m andible; unerup ted  m olars in  s i tu ,

firfc.

I:: f t
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P L A T E  XLVI
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Chapter 11

EXAWINATIO» OF CARDIOVASCULAR MATERIAL

pp r  { ( E le p h a n ts )

T>:.l

-.X

0- #

. f ; . -

-  jmr

:-/7?

:a,

-,- -{i

4#'



-  3 9 3  -

C hapter 11

Exam ination of C ard io v ascu la r M a te ria l

ExELmination# measurement and d e s c r ip t io n  o f th e  h e a r t
and a o r ta

The techn ique fo r  th e  exam ination , measurement, and 

d e s c r ip t io n  o f th e  h e a r t  and a o r ta  o f th e  mammals d escrib ed  

in  c h .6, pp 137 -  2^6 was based upon th e  techn ique  designed 

p r im a r ily  fo r  th e  exam ination of th e  c a rd io v a sc u la r  m a te r ia l 

c o lle c te d  from e le p h a n ts . A c o n s is te n t techn ique  through

o u t i s  c le a r ly  advantageous, a lthough  i t  d i f f e r s  in  some 

r e s p e c ts  from th a t  cu s to m arily  used in  human and v e te r in 

a ry  autopsy p rocedu re , where th e  u su a l study  m a te r ia l  i s  

sm a lle r  in  s iz e .

I t  was a lso  necessary  to  adopt a techn ique  s u ite d  to  

th e  unusual c h a ra c te r  o f th e  p roboscidean  h e a r t  and a o r ta ,  

in  which th e  h e a r t  i s  p a r t i a l l y  b ifu rc a te d  a t  th e  apex, 

has two a n te r io r  venae cavae, and th e  a o r t ic  a rch  resem bles 

a • p r im it iv e ’ Cruocus a r te r io s u s  bo th  an a to m ica lly  and 

f u n c t io n a l ly .  This i s  f u r th e r  d iscu ssed  on p)o

In  a l l  th e  fo llo w in g  d e s c r ip t io n s ,  th e  term  ’ao rta*  

r e f e r s  only  to  th e  p a r t  severed  from th e  a o r t i c  a rc h  by a
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t r a n s v e rs e  in c is io n  p ass in g  through th e  ductus a r te r io s u s  

and ly in g  p o s te r io r  to  i t .  The a o r ta ,  s l i t  lo n g itu d in 

a l l y  along th e  v e n tra l  l i n e  ( i . e .  runn ing  through th e  

s c a r  o f th e  ductus a r t e r io s u s ) and mounted f l a t  w ith  th e  

in tim a i su rfa c e  upward, i s  i l l u s t r a t e d  in  th e  s c a le  drawings 

PIG. AS p In  p r a c t ic e  i t  was n ecessa ry  to  mount

th e  a o r ta  in  convenient le n g th s  in  l in e a r  o rd e r on se p a ra te  

po ly thene  hoards fo r  f ix a t io n  and s to ra g e .

Each a o r ta ,  prepeired in  th i s  manner}, was measured and 

d iv id ed  a r b i t r a r& ly in to  f iv e  g e o m e tr ic a lly  equal len g th s  

c o n s is te n t ly  r e f e r re d  to  as ’P o rtio n  I ’ , ’P o rtio n  I I ’ , . . .  

’P o rtio n  V’ , from a n te r io r  to  p o s te r io r .  Each p o r tio n  

was a ls o  d iv id ed  a r b i t r a r i l y  in to  fo u r  lo n g itu d in a l  p a r t s ,  

’d o r s a l ’ , ’r ig h t  l a t e r a l ’ , ’v e n t r a l ’ and ’ l e f t  l a t e r a l ’ , the 

v e n t r a l  p a r t  being  l in e a r ly  b ise c te d  by th e  a c tu a l  lo n g i

tu d in a l  in c is io n  made fo r  mounting.

E stim atio n  o f l ip id  and Calcium d e p o s its  in  th e
a o r ta

S ep ara te , d i r e c t  a re a  counts o f l i p i d  d e p o s i ts ,  in d i

ca ted  by g ross s ta in in g  w ith  Sudan IV by Holman’s method, 

and of Caloium d e p o s its  by rad io g rap h y , u sin g  in  each case 

a ^ cm g r id  (se e  o h .8 , pp 28 l -  2 8 3 , and Appendix 4 ,P /
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were made and th e  r s u l t in g  f ig u re s  p ro cessed . P ro b a b il i ty  

t e s t s  confirm ed th e  v a l id i ty  of th e  graphs shown in  

Appendix 4 , p /  . These i l l u s t r a t e  th a t  i )  th e re

i s  a c le a r  c o r r e la t io n  between th e  p resence  and amount of 

a o r t i c  Calcium in  e lep h an t and th e  h a b i ta t  type ; i i )  some 

su d an o p h ilic  l i p id  d e p o s its  occur in  a l l  e le p h a n ts , bu t 

th a t  th e  amount and d i s t r ib u t io n  may be r e la te d  to  h a b i ta t  

type an d /o r b reed ing  a c t i v i t y .

In  th e  p re se n t s tu d y , th i s  techn ique  has been c a rr ie d  

f u r th e r ,  and a q u a n t i ta t iv e  a n a ly s is  o f th e  i n t r a - a o r t i c  

d i s t r ib u t io n  of Calcium and l ip id  d e p o s its  has been c a rr ie d  

o u t. Although in d iv id u a l samples re p re s e n t on ly  a sm all 

number o f e lep h an ts  in  each case , a d i s t i n c t  p a t te r n  has 

emerged showing th e  development p a t te r n  of th e se  d e p o s its  

in  th e  major age groups o f each sex in  each of th e  th re e  

h a b i ta t  types s tu d ie d . In  c e r ta in  age groups, samples 

were inadequate  to  o b ta in  a v a l id  r e s u l t ,  and h istog ram s 

fo r  th e se  groups a re  no t th e re fo re  a v a i la b le .

The r e s u l t s  a re  re p re se n te d  (FIGS 2.1—A7 ;

by a s e r ie s  of h istogram s showing th e  mean p ercen tag e  a re a
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of th e  a o r t i c  w all co n ta in in g  l ip id  d e p o s its  (b la c k )  and 

Calcium d e p o s its  (c ro ss -h a tc h e d )  found in  each lo n g itu d in a l  

q u a r te r  of each p o r tio n  of th e  a o r ta  f o r  each of th e  main 

m olar age g roups.

Exam ination of th e se  h istogram s in d ic a te s  s tro n g ly  

th e  p ro b a b i l i ty  ( i )  th a t  th e  main d e p o s itio n  of m edial 

Calcium found in  th e se  e lep h an ts  develops in d ep en d en tly  of 

th e  l ip id s ;  ( i i )  th a t  n e i th e r  th e  d e p o s itio n  of l ip id  nor 

o f Calcium can be d i r e c t ly  c o r re la te d  w ith  th e  ageing  

p ro cess ; ( i i i )  th a t  th e  p resence  of l i p id  d e p o s its  w ith in  

th e  o s t i a l  re in fo rcem en t ' c o l l a r s ' ,  'ram p s ' and 'r i d g e s ' 

of th e  a o r ta  appears to  occur u n iv e rs a l ly  in  e le p h a n ts , 

and th a t  i t s  d i s t r ib u t io n  a lso  appears to  have a r e l a t io n 

sh ip  to  th e  haemodynamic flow  p a t te rn  w ith in  th e  a o r ta ;

( iv )  th a t  th e  a o r t i c  l i p i d  d e p o s its  in  su c k lin g  ca lv es  and 

la c ta t in g  and p regnan t cows seem to  be more ex ten s iv e  than  

in  o th e r  e lep h an ts  and in  some cases occur as s t r e a k s ,  

and 'sm udges' o u ts id e  th e  u su a l lo c a t io n s .

When th e  in d iv id u a l a o r ta e  were re-exam ined in  th e  l i g h t  

o f th e  q u a n t i ta t iv e  a n a ly se s , i t  became ap p aren t th a t  

abnormal ex traneous l ip id  d e p o s its  could be d is t in g u is h e d  

in  p a r t i c u la r  c a se s . These a re  d e sc rib e d  in  more d e ta i
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on pp 4 4 - 3  to  HlVJ and i n  A ppendix  4 , 6o 6 ,

( S ik e s ,  i n  p r e s s ) .  N e v e r th e le s s ,  a s  was a l r e a d y  su g g e s te d  

i n  p a r t  I  o f  t h i s  su rv e y  ( c h .6 , pp fA-o to  IHH- ) ,  th e  

o c c u r re n c e  o f  norm al in t im a i  l i p i d  d e p o s i t s  and f i b r o u s  

s u p p o r t iv e  th ic k e n in g s  i n  th e  a o r t a e  o f  w ild  meunmals i s
{prerLcU OmJL

e x tre m e ly  common, mad I t  would seem ^xhat u n q u a l i f i e d  r e p o r t s  

r e f e r r i n g  to  th e s e  a s  p a th o lo g ic a l  l e s io n s  sh o u ld  b e  a c c e p te d  

w ith  some d i f f id e n c e #  r  .

I t  a p p e a rs  t h a t  i t  i s  n e c e s s a ry  i n  th e  c a s e  o f  f r e e -  

l i v i n g  w ild  a n im a ls  to  p o s s e s s  a d e q u a te  e c o lo g ic a l  f i e l d  

d a ta  on th e  sp ec im en  in  q u e s t io n  and know ledge o f  th e  co m p le te  

a o r t a ,  b e fo r e  c l a s s i f y i n g  an  in t im a i  a n d /o r  m e d ia l th ic k e n in g  

show ing  d i s c o n t i n u i t y  o f  th e  e l a s t i c a  ( s e e  p«5'<^ and P l a t e  LXW ) ,  

i n t im a i  l i p i d  d e p o s i t s  ( p l a t e  LV^^p. ) ,  m in e r a l i s a t i o n  

o f  th e  i n t e r n a l  e l a s t i c  la m e l la ,  o r  f i b r o u s  th ic k e n in g s ,  

a s  p a th o l o g i c a l .

The fo l lo w in g  d e s c r i p t i o n s  o f  th e  norm al h e a r t ,  a o r t a ,  

and m u scu la r a r t e r i e s  o f  th e  A f r ic a n  e le p h a n t  a r e  based  

upon th e  i n d i c a t i o n s  a s  to  th e  p ro b a b le  n a tu r e  o f  th e  

t r u e  'n o r m ',  d e r iv e d  from  th e  q u a n t i t a t i v e  a n a ly s e s  d e s c r ib e d  

a b o v e .

The 'n o rm a l ' specim ens d e s c r ib e d  a r e  th o s e  ta k e n  from
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th e  m ontane ( n a t u r a l )  h a b i t a t  ty p e  o r  th o s e  o ld e r  a n im a ls  

c o l l e c t e d  in  th e  s c ru b la n d  h a b i t a t  ty p e ,  w hich a p p e a re d  n o t  

to  have  s u f f e r e d  th e  e f f e c t s  o f  s t r e s s  due to  th e  p r o g r e s s i 

ve  d e g e n e ra t io n  o f  th e  h a b i t a t  w hich h as  o c c u rre d  o v e r  th e  

l a s t  tw e n ty ^ y e a rs ,  a t  th e  o n s e t  o f  w hich  th e y  w ere a l r e a d y  

m a tu re , f u l l y  grown a n im a ls .

A. The h e a r t

The c a r d ia c  anatom y o f  th e  A s i a t i c  e le p h a n t  has been  

d e s c r ib e d  i n  some d e t a i l  by H i l l  (1 9 ^ 3 8 ); and o f  a  f o e t a l  

A f r ic a n  e le p h a n t  by B a le s  ( I 9 2 9 ) .  H i l l  d e s c r ib e d  m a te r i a l  

o b ta in e d  b o th  from  an a d u l t  and a  f o e tu s  i n  Colombo and 

a l s o  rev iew ed  th e  e x i s t i n g  r e l e v a n t  l i t e r a t u r e .  A v e ry  

b r i e f  d e s c r i p t i o n ,  in c lu d in g  a  p h o to g ra p h  o f  th e  h e a r t  o f  

an  A fr ic a n  e le p h a n t ,  i s  a l s o  p ro v id e d  by F ra d e  (1955)î 

and i n  19&3, J a y a s in g h e  £ t  p u b l is h e d  e le c t ro c a r d io g ra m s  

o f  two a d u l t  fe m a le  A s ia t i c  e le p h a n ts .

G e n e ra lly  sp e a k in g , p u b lis h e d  a c c o u n ts  o f  c a rd io v a s u u -  

l a r  s t u d i e s  on th e  A f r ic a n  e le p h a n t  a r e  e x t r a o r d i n a r i l y  

s c a r c e .  F o r t h i s  r e a s o n ,  a  c o n s id e r a b le  num ber o f  f i e l d  

p h o to g ra p h s  o f  A fr ic a n  e le p h a n t  h e a r t s  have  been  in c lu d e d  

i n  t h i s  c h a p te r ,  a s  th e y  s e r v e  to  i l l u s t r a t e  some o f  th e
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d i f f e r e n c e s  w hich may be o b se rv ed  i n  h e a r t s  tsiken  from  

e le p h a n ts  o f  d i f f e r e n t  age  g ro u p s and g e n e ra l  body c o n d i

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

I t  i s  n o t  th e  p u rp o se  o f  t h i s  t h e s i s  to  d e s c r ib e  

m in u te ly  th e  anatom y o f  th e  h e a r t  and v a s c u la r  sy s te m , b u t 

ju d g in g  from  th e  p a u c i ty  o f  d e t a i l  i n  th e  l i t e r a t u r e  on 

th e  s u b j e c t ,  i t  would a p p e a r  t h a t  d e t a i l e d  i n v e s t i g a t i o n  

o f  th e  c i r c u l a t o r y  sy stem  o f  th e  a id u lt A f r ic a n  e le p h a n t  has 

been  somewhat n e g le c te d  up to  th e  p r e s e n t  and would re p a y  

d e t a i l e d  s tu d y .

T h e ^ in v e s t ig a t io n s  c a r r i e d  o u t  i n  th e  c o u rs e  o f  th e  

p r e s e n t  p r o j e c t  have  been  c o n fin e d  to  th o s e  im m e d ia te ly  

co n ce rn ed  w ith  c i% f e r * n t i* t in g  betwoon th e  no rm al s t r u c t u r e  

o f  th e  h e a r t  and w a l ls  o f  th e  m ajo r a r t e r i e s  i n  r e l a t i o n  to  

t h e i r  p a th o lo g y . I t  i s ,  how ever, e v id e n t  t h a t  v e ry  c o n s id 

e r a b le  v a r i a t i o n s  a s  to  th e  d e t a i l s  o f  th e  c a r d io v a s c u la r  

s t r u c t u r e  o c c u r  be tw een  in d iv id u a l  e le p h a n t s .  In  some 

c a s e s  t h e r e  a r e  im p o r ta n t  d i f f e r e n c e s  i n  th e  c i r c u l a t o r y  

sy s tem  betw een  e le p h a n ts  l i v i n g  in  m ontane h a b i t a t s  and 

th o s e  l i v i n g  i n  d e g e n e ra te  low land  a r e a s .  The sh a p e  and 

p r o p o r t io n s  o f  th e  h e a r t ,  and th e  d e g re e  o f  to n u s , p ro v id e  

an  exam ple o f  t h i s  ty p e  o f  d i f f e r e n c e .
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The c a r d ia c  anatom y i s ,  i n  g e n e r a l ,  s i m i l a r  to  

t h a t  d e s c r ib e d  i n  A s ia t i c  e le p h a n ts  by H i l l  (1938)*

A few points have arisen, however, during the examination 

of the hearts o f  the 40 wild African elephants collected, 

which call for commenti-

i )  In  no c a se  was an  os. c o r d i s  fo u n d , 

i i )  The a rra n g em e n t a t  th e  o r i g i n  o f  th e  b r a c h io 

c e p h a l ic  t r u n k s  on th e  a n t e r i o r  cu rv e  o f  th e  a o r t i c  a rc h  

i s  v e ry  v a r i a b l e  in d e e d . U s u a lly  th e  r i g h t  and l e f t  

b r a c h io c e p h a l ic  t ru n k s  have  s e p a r a t e  o r i g in s  i n  th e  a o r t i c

a r c h ,  b u t  i n  one c a se  b o th  had a  oommon o r i g i n ;  and i n
$

a n o th e r  4 » w k , th e  r i g h t  b ra c h o c e p h a lic  t r u n k ,  l e f t  common 

c a r o t i d ,  and l e f t  b r a c h ia l  a r t e r i e s  a l l  had s e p a r a t e  o r ig in s  

i n  th e  a o r t i c  a r c h .

i i i )  The d e g re e  o f  b i f u r c a t i o n  o f  th e  r i g h t  and l e f t  

v e n t r i c l e s  v a r i e s  a c c o rd in g  to  th e  e n v iro n m e n ta l background  

and a s s o c ia t e d  p h y s ic a l  c o n d i t io n  o f  th e  i n d iv id u a l  a n im a ls  

(C f . P l a t e  L i

i v )  The p o s i t i o n  o f  th e  o r i g i n  o f  th e  i n f u n d ib u la r  

b ra n c h  o f  th e  r i g h t  c o ro n a ry  a r t e r y  and th e  b i f u r c a t i o n  o f  

th e  l e f t  c o ro n a ry  a r t e r y  v a ry  s l i g h t l y  i n  d i f f e r e n t  

in d iv id u a l* .
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v )  The r e l a t i v e  d im e n s io n s  o f  th e  h e a r t  d i f f e r  

i n  d i f f e r e n t  in d iv id u a ls *

v i )  The am ount o f  f a t  i n  th e  f a t t y  m a n tle , end th e  

to n e  o f  th e  c a r d ia c  m usc le  i s  c o n s i s t e n t l y  g r e a t e r  i n  

m ontane th a n  in  low land  e le p h a n ts .  In  th e  young m ontane 

m ale e le p h a n t^  M.8 3  ( P l a t e  L ( h  ) ,  p 4 2 y  ) and M.103 

th e  s u b e p ic a r d ia l  f a t  was so  a b u n d an t t h a t  i t  a lm o s t 

e n t i r e l y  c o v ered  th e  v e n t r i c l e s ,  m ask ing  th e  b i f u r c a t i o n .

The m ain c o ro n a ry  v e s s e l s  l i e  embedded i n  th e  s u b e p ic a r d ia l  

f a t  and th e  p o s i t i o n  o f  th e  c o ro n a ry  a r t e r i e s  i s  n o t  

d e t e c t a b l e  e x t e r n a l l y  i n  th e  c a se  o f  a n im a ls  i n  good c o n d it io n ,

v i i )  The cu sp s  o f  th e  a o r t i c  v a lv e  n o rm a lly  e n c lo s e  

th e  o r i g in s  o f  th e  two c o ro n a ry  v e s s e l s  w i th in  th e  a o r t i c  

s i n u s e s ,  a s  d e s c r ib e d  by Y u lp ian  & P h i l ip e a u x  ( l 8 §6 ) .  T h is  

was q u e s tio n e d  by H i l l  (1 9 3 8 ) .

Ho a t te m p t  was made to  i n v e s t i g a t e  th e  d e t a i l s  o f  th e  

c a r d ia c  v ^ s  and s in u s e s ,  b u t  th e  c o u rs e  o f  th e  l a r g e r  ones 

was n o te d  to  be  g e n e r a l ly  c o n s i s t e n t  w ith  th e  d e s c r i p t i o n  

by H i l l  ( 1 9 3 8 ) f o r  th e  A s i a t i c  e le p h a n t .  In  o l d e r  a n im a ls ,  

t h e  s u p e r f i c i a l  c a r d ia c  v e in s  and b ra n c h e s  w ere p ro m in e n t, 

d a rk -c o lo u re d  and 'k n o t t y '  i n  a p p e a ra n c e .

The p re s e n c e  o f  two a n t e r i o r  Venae cav ae  and one
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p o s t e r i o r  Vena cava  in  th e  spec im ens exam ined was o b se rv e d  

to  conform  w ith  p re v io u s  d e s c r i p t i o n s  f o r  th e  A s i a t i c  

e le p h a n t .

Heart size and weight relatve to body weight
- 394

In  T ables pp 317,̂ , r e l e v a n t  d a ta  o b ta in e d  from  th e  

f o r t y  e le p h a n ts  exam ined h e re  a r e  l i s t e d .  The d a ta  i n  

T a b le  Ik p 4 o 3 a re  l i s t e d  by c o u r te s y  o f  Dr. I.O* B u ss , 

D epartm en t o f  W i ld l i f e ,  W ashington  S t a t e  U n iv e r s i ty .

T hese l a t t e r  w ere o b ta in e d  by him d u r in g  th e  s tu d y  o f  e l e 

p h a n t i n  U ganda. A geing d a ta  on th e s e  a r e  n o t  a v a i l a b l e ,  

and i t  i s  n o t  c l e a r  w h e th e r a l l  th e  e le p h a n ts  w ere c o l l e c t 

ed o n ly  from  g r a s s la n d  h a b i t a t s .

The r e l a t i o n s h i p  be tw een  h e a r t  w e ig h t and body w e ig h t 

u s in g  th e  com bined d a ta  i s  g iv e n  i n  PIG . \ij, P / / 0 4 , 

C a lc u la t io n  o f  t h e  a v e ra g e  v a lu e  o f  g .h e a r t / lO O  g .b o d y  w e ig h t 

on Buss' d a ta  i s  O .J l  and on my own d a ta  0 .4 9 ;  an  o v e r a l l  

a v e ra g e  o f  O .50 . T h is  i s  c o n s id e r a b ly  g r e a t e r  th a n  0 .3 9 ;  

t h e  f i g u r e  p u b l is h e d  by S p e c to r  ( I 96 I ) .

The s l i g h t  d is c re p a n c y  betw een  th e  r e s u l t s  o f  Buss and 

my own may be due i )  to  d i f f e r e n c e s  i n  th e  te c h n iq u e s  u sed  

f o r .  th e  e s t im a t io n  o f  f l u i d  l o s s  a t  th e  tim e  o f  w e ig h in g  

th e  c a r c a s s ,  and hence  to  s l i g h t  d i f f e r e n c e s  i n  th e  body
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w e ig h t o b ta in e d ;  i i )  to  d i f f e r e n c e s  i n  t r e a tm e n t  o f  th e  

h e a r t  i t s e l f  p r i o r  to  w e ig h in g . H is e le p h a n ts  w ere 

u s u a l ly  k i l l e d  by means o f  a  s o l i d  r i f l e  b u l l e t  f i r e d  i n to  

th e  h e a r t ,  w hereas mine w ere k i l l e d  w ith  th e  b r a in  s h o t .

T h ere  may a l s o  have been  s l i g h t  v a r i a t i o n s  in  th e  am ount 

o f  t i s s u e  rem oved from  th e  h e a r t  in  each  c a s e ,  s in c e  my 

te c h n iq u e  was s ta n d a r d i s e d  w ith  th e  p r i o r  p u rp o se  o f  su b 

s e q u e n t  e x a m in a tio n  o f  th e  h e a r t  f o r  c a r d io v a s c u la r  l e s io n s ;  

w hereas t h i s  was n o t  B u ss ' p r im a ry  o b j e c t i v e .  I t  i s  

g r a t i f y i n g ,  how ever, t h a t  th e  a g re emen t  be tw een  th e s e  r e s u l t s
S m a llis close enough to be negligible, and it is possible to 

state confidently that the index 0*5 provides a sound 

basis for field estimates of the total carcass weight of 

African elephant based on heart weight alone.

I t  i s  o f  i n t e r e s t  t h a t ,  b ased  o n ’ th e  l im i te d  d a ta  

a v a i l a b l e  from  my own c o l l e c t i o n ,  a  r e c o g n is a b le  d i s t i n c t i o n  

i s  e v id e n t  i n  th e  h e a r t  w e ig h t in d e x  (g /lO O  g  body w e ig h t)  

o f  g r a s s la n d  ( 0 . 4 7 ) ,  s c ru b la n d  ( 0 .4 9  nhd m ontane ( 0 . 5 2 ) 

e le p h a n t s .  T h is  d i f f e r e n t i a t i o n  i s  c o n s i s t e n t  w ith  th e  

r e s u l t s  o b ta in e d  from  th e  q u a n t i t a t i v e  e x a m in a tio n  o f  a o r t i c

l e s io n s  r e l a t i v e  to  h a b i t a t ,  d e s c r ib e d  i n  A ppendix  4 ,

( S ik e s ,  i n  p r e s s ) .  M oreover, th e  a c t u a l  sh a p e  o f  th e
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h e a r t ,  found  by m easu rin g  le n g th  and w id th  ( s e e  T a b le s  12 

to  1 4 , PP ^^7  to  , and P l a t e s  L and U ,  pp h a 7  to  ) 

i s  s e e n  to  r e f l e c t  th e  e c o lo g ic a l  b a ck g ro u n d . The h e a r t s  

o f  th e  m ontane e le p h a n ts  n o t  o n ly  had a  t h i c k e r  and more 

e x te n s iv e  f a t t y  m a n tle , g r e a t e r  m y o c a rd ia l to n e  and a  

l e s s  c o n sp ic u o u s  s h o r t e r ,  r i g h t  a p e x , b u t  w ere a l s o  m easur

a b ly  g r e a t e r  i n  le n g th  th a n  i n  w id th  ( P l a t e  L ).

The A o r t ic  A rch

P l a t e  XLVIÏÎ p A^Sshows th e  p o s i t i o n  o f  th e  h e a r t  and 

a o r t a  ^  s i t u , v iew ed from  th e  r i g h t  s i d e ,  o f  a  f u l l - g r o w n  

b u l l  e le p h a n t .  The c h a r a c t e r  o f  th e  a o r t i c  a rc h  i s  s e e n  

h e re  to  r e c a l l  th e  p r i m i t iv e  t ru n c u s  a r t e r i o s u s  o f  lo w er 

v e r t e b r a t e s  r a t h e r  th a n  th e  t y p i c a l  mammalian a o r t i c  a r c h .  

I t  c o n s i s t s  o f  a  h ig h ly  e l a s t i c ,  c o n e -sh a p e d  cham ber, th e  

w a l ls  o f  w hich (e x c lu d in g  th e  t i s s u e  o f  th e  t u n ic a  adven

t i t i a ) may be a s  much a s  22 mm i n  th ic k n e s s  i n  a  l a r g e  

b u l l  e le p h a n t .  Owing to  i t s  v e ry  l a r g e  s i z e  and e l a s t i c  

c h a r a c t e r ,  i t  h as p ro v ed  e x tre m e ly  d i f f i c u l t  to  a c h ie v e  a  

t r u e  m easurem ent o f  i t s  ' l e n g t h ' ,  a s  th e  d is c r e p a n c y  i s  

v e ry  g r e a t  be tw een  th e  m easurem ent a lo n g  th e  d o r s a l  l i n e  

o f  th e  curch, to  th e  s c a r  o f  th e  d u c tu s  a r t e r i o s u s  (w h ich  

th e n c e  becomes th e  v e n t r a l  l i n e  o f  th e  a o r t a )  and t h a t
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a lo n g  th e  v e n t r a l  and a n t e r i o r  c u rv e  o f  th e  a rc h  (w h ich  

th e n c e  c o n tin u e s  a s  th e  d o r s a l  l i n e  o f  th e  a o r t a ) .  The 

mean o f  th e s e  two m easurem ents ta k e n  a s  c o n s i s t e n t l y  a s  

c o u ld  he  a c h ie v e d ;  i s  d e s c r ib e d  h e re  (T a b le  15 , pp to  4^-3) 

a s  th e  " le n g k  o f  th e  a o r t i c  a r c h " .

The u n s a t i s f a c t o r y  c h a r a c t e r  o f  t h i s  m easurem ent i s  

f u l l y  r e c o g n is e d ;  a n d , a s  m en tioned  a b o v e , i n  a l l  d e s c r ip 

t i o n s  and m easurem ents h e re  th e  e le p h a n t  a o r t a  i s  t r e a t e d  

s e p a r a t e l y  from  th e  a o r t i c  a r c h .

In  v iew  o f  th e  u n iq u e  c h a r a c t e r  o f  th e  p ro b o s c id e a n  

h e a r t  and a o r t a  (commonly s a id  to  be  e v o lu t io n a r y  'p r i m i t i v e ' ;  

Young 1957 ) ,  th e  u se  o f  a  s p e c i a l i s e d  te c h n iq u e  f o r  th e  

m easurem ent and d e s c r i p t i o n  o f  th e  a o r t i c  a rc h  and a o r t a  

i n  a  d e t a i l e d  s tu d y  o f  t h i s  ty p e  seem s to  be j u s t i f i e d .

The d e c i s io n  to  u se  t h i s  same te c h n iq u e  f o r  th e  hbudy o f  

th e  a o r t a e  o f  th e  o th e r  mammalian s p e c ie s  a l s o ,  i n  o r d e r  to  

e n s u re  c o n s is te n c y  o f  d e s c r i p t i o n  th ro u g h o u t  t h i s  p r o j e c t  

a s  a w ho le , h a s  been  d is c u s s e d  i n  c h . 6 ,  pp 137 -  139*

The A o r t ic  V alve and B iw ise s

In  a  h e a l th y  e ld e r ly  b u l l  e le p h a n t ,  each  cu sp  o f  th e  

a o r t i c  v a lv e  was found  to  be  11 cm w ide by 5*5 cm d e e p , to  

c o n ta in  no f e n e s t r a t i o n ,  and to  be  c a p a b le  o f  c o v e r in g  th e
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c o ro n a ry  o r i f i c e s  e f f e c t i v e l y  d u r in g  v e n t r i c u l a r  s y s t o l e .

The norm al in t im a  o f  th e  a o r t i c  s in u s e s  i s  t h i n  and sm ooth

b u t i s  s l i g h t l y  r e in f o r e o e d  a s  a  f i b r o u s  c u sh io n  o r  c o l l a r
.

a round  each  c o ro n a ry  o r i f i c e .  In  no rm al s e n io r  b u l l s ,

( h e a r t  w e ig h t i n  th e  ra n g e  o f  20 to  28 k g )  th e  w id th  o f  th e  

c o ro n a ry  o r i f i c e s  ( f ix e d  m a t e r i a l )  ;Was found  to  be 8 to  20 mm, 

( r i g h t )  and 12 to  25 mm ( l e f t ) .

"M.:
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TAB1£ IZ

D ata from th e  40 e lep h an ts  examined In  t h i s  p r o je c t

I .  aSASSlAKD

R ef.
No.

Age
Lamin.
»o.

SOdjT
w eight

kg

H eart
w eight
kg

H rt.
Ig th
(an

' 1 

H rt. 
wdth 

om

H r t . /  
Body 
w eight 
g/lOOg !

!

Aver
age

g / i o o g

male
85 29 .5 ia .2

87 30 .5 16 .3 -
19 34 4100 19 .5 - .4 8
84 38 25.1 48 48 -
93 39 2870 15.3 46 48 .5 3
18 41 5400 23 .8 48 46 .44
86 45 23.4 41 41 - 0 .4 7

fern.

23 24 2130 10.1 - .4 7
25 24 2080 9 .0 - .4 3
22 33 8440 11.0 - .4 5
24/ 33 2620 11.7 46 46 .4 9 i
88 34 - 14.7 —

I

21 40 2770 13.0 .4 7
1Î



-  319

TABLE 13

I I .  scbublabb

R ef.
Ro.

Age
Lamin.
Ho.

Body
w eight

kg

H eart
w eight

kg

H rt
Ig th

cm

H rt
wdth

cm

H rt/
body

w eight
g/iOOg

Average

g/lOOg
»

male
154 0 61 0 .6 - - .9 8 5
113 15 1389 6 .6 - - .4 9 0

110 24 2580 1 1 .7 38 38 .455
149 30.5 - 1 5 .1 43 43 -

150 31 16.4 - - -
118 31 16.4 - - -

119 39 1 9 .4 46 41 - 1
120 39 - 82 .5 - - - i!
108 39 5550 2 6 .5 51 45 .478

0 .4 9116 41 .5 - 26 .3 51 51 -

117 43 6070 2 7 .5 51 47 .4 5
121 45 .5 - 26.1 -

fern.
114 1 369 1 .8 7 2 1 .5 2 1 .5 .5 0

! 112! 29 .5 2380 11.3 36 36 .4 7

131 37 - 1 3 .5 -

Ul27 37 - 12.6 -
122 48 2920 1 4 .9 43 43 .5 1

107 52 2549 1 5 .3 43 43 .6 0

•(E x c lu d in g  c a lv e s  o f le s s  th an  300 kg. body w eigh t)
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t a b le  14.

111. MOHTAHE

R ef.
Ho.

Age
Lamin.
Rb.

Body
w eight

kg

..........'
H eart

w eight
kg

---------- -
H rt

Ig th
cm

H rt
wdth

cm

H r t /
body
w eight

g/lOOg

Average
g/lOOg

•

male

103 19 2480 1 4 .4 43 38 ♦ 50

134 24 11.7 -
83 27 2665 1 4 .7 46 41 • 55
99 28 - 1 5 .8 -

132 2 9 .5 - 21 .6 - 0 .5 2
152 34 5000 2 5 .8 56 46 .5 1

fem.

135 0 .5 212 1 .8 •85
133 16 7.2
100 24 9 .2 5

•(E x c lu d in g  c a lv e s  o f  le s s  th an  300 kg . body w eigh t)

i
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TABLE J5
Mean d is t r ib u t io n  area aorta  w a ll)  o f  In tra-aortlr . 

Llpld and Calcium d e p o s its

Molar 
age group

P ortion
o f

aorta

Mean
Ig th .
aorta

cm

Mean 
circum
fer en ce  
o f lumen 

cm

Thicks 
n ess  of 

a o rta

mm

R. L.
L i p

D
1 d 

L.L. V
G

R. L.

1 1 c i  1 

D

n m

L.L. V

1 . MOMTANE Arch 1 9 .5 - 15
H abitat I 97 .5 14 .0 3 .7 0 2.2 0 0 0 0 0 0
Males I I 1 1 .5 - 0 2.5 0 0 0 0 0 0

I -  I I I I I I 11 .5 2.25 0 3.5 3 .9 0 0 0 0 0
IV 11 .5 1 .75 6 .1 8.3 3 .0 1 .3 0 0 0 0
V

—

1 1 .0 1.90 3 5.2 2 6 .5 0 0 0 0

IV. Arch 2 0 .0 - 22

I 101 15 .0 3 .4 0 .5 6.5 4 .3 1 .8 0 0 0 0
I I • 11 .8 1.31 0 7.2 0 0 0 0 0 0
I I I • 11.8 1.73 0 .7 5.4 0 .9 4 .7 0 0 0 0
IV • 1 1 .0 1 .75 3 .8 5.9 3 .5 3 .5 1 .2 1 .1 1 .3 0 .4
V

—

9 .6 1.55 4 .1 6.9 9 .2 8 .8 0 .3 3 .0 1 .3 0 .8

V. Arch 2 2 .0 -

I 110 17 .5 3 .9 2 .5 1.1 0 6 .4 0 0 0 0
I I . 14 .0 2 .0 0 2.2 0 0 0 0 0 0
I I I • 13 .0 1 .8 0 3.2 0 0 0 0 0 0
IV • 13 .0 1 .7 0 .7 3.7 0 1 .1 0 0 0 0
V • 13 .0 1 .8 8 .9 1 .8 7.3 14 .6 0 0 0 0

-----

Females Arch 13 - 8

I  -  I I I I 65 9 .5 2 .7 2 .6 34.5 23 .5 7 .0 0 0 0 0
I I • 7 -5 - 0 16 .7 0 0 0 0 0 0
I I I • 6 .5 1 .6 4 .7 18.3 7 .7 4 .3 0 0 0 0
IV • . 6 .5 0 .9 5 .1 6 .7 6 .5 10.9 0 0 0 ' 0
V

—

6.25 1 .1 5 .7 12.0 6 .0 4 .0 0 0 0 0

IV. Arch 17 — 9
I 85 13 .0 3 .6 0 5 0 1 .67 0 0 0 0 '

I I . 12 .0 1 .4 5 3 10.8 2 .5 0 0 0 0 0

I I I . 12 .0 2 .0 0 10.8 14 13.3 0 0 0 0
IV . 1 0 .0 1 .9 1 0 .7 21.2 16.7 7.4 0 0 0 0

V • 9 .0 1 .5 5 9 .3 25.4 16. 0 0 0 0

------------
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( T A B L E  1 5"  o o n t . )

M o l a r  
a g e  g x o u i

P o r t i o n
o f

a o r t a

M e a n
I g t h .
a o r t a

M e a n  
o i r c u f f l f e r  
o f  l u m e n  

c m

T h i c k 
n e s s  o i  

aorta
mm

R .  L .
L i p

D
i  d  

L .  L . V R .  L .

'  a  1  c  i  

B .  .
u  m  

I .  L . V.

2 .
S c r u b l a n d
H a b i t a t

M a l e s

I -  III

A r o h

I
II
I I I
IV
V

1 5

7 5 1 3 . 0

1 0 . 0

7 . 0

7 . 0

6 . 0

9

2 . 9 5
2 . 2

1 . 9
2 . 2

2 . 0

6 . 7

1 . 3
1

0

1 0

3 2

2 6

7 . 5
1

3 3

10
0

0

0

1 2

0

0

0

6

4 , 5

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

IV A r c h

1
2 5

106 1 7 . 1

2 0

3 . 2 4 6 . 8 5 2 0 . 3 5 . 2 9.4 3 . 4 4 . 4 4 .0 0 , 2
II • 1 1 . 6 1 . 7 5 3 . 0 1 4 . 1 1 . 7 1 . 0 2 . 8 9 . 0 1 .3 6 . 1
II I • 1 1 . 0 2 . 1 6 5 . 3 1 4 . 3 2 . 5 5 . 5 2 .9 1 0 . 8 3.9 3 .7
IV • 9 . 6 2 . 2 5 7 . 8 2 5 . 3 4 . 4 1 0 . 3 5 .5 1 1 . 1 6 , 0 7 .0
V

- - - - - -

8 . 6 2 . 4 0 2 5 . 1 2 6 . 5 J 1 . 5 1 1 . 3 9 .3 17.9 7.9 5 .3

V A r c h

I
2 5

1 2 5 1 8 . 5

2 3
3 . 8 8 1 2 . 8 3 8 . 6 1 3 . 0 9 . 1

1 . 2 5.6 0 ,9 2 . 1

II . 1 5 . 6 2 . 6 4 . 0 1 7 . 1 5 . 5 1 0 . 6 1 . 2 5 . 8 2 . 0 1 .5

II I . 1 4 . 1 1 . 9 5 . 8 1 0 . 5 4 . 1 7 . 1 0 . 8 4 . 1 0 . 2 1 . 6

IV . 1 2 . 9 1 . 5 9 7 . 2 2 0 . 9 5 . 6 9 . 5 3 . 8 6 ,0 3.4 3.6

V
—

1 1 . 7 1 . 5 8 1 0 . 6 2 2 . 2 1 4 . 3 1 1 . 3 6 .9 17.3 9 . 1 1 0 . 0

VI A r o h

I
2 4

1 2 0 1 6

2 2

5 . 2 9 . 3 7 1 . 5 8 . 5 1 1 . 0 1 . 8 4.6 1 .5 1 .7
II . 1 4 2 . 8 1 3 . 0 1 8 . 0 2 . 3 2 . 7 0 . 7 4 .0 2 . 0 1 . 3
III 1 0 2 . 7  , 7 . 0 1 0 . 3 6 . 7 7 . 0 0 . 3 0 . 7 0 . 3 0
IV . 9 , 5 1 . 7 5 5 . 3 7 . 0 ' 3 . 3 7 . 3 0 . 7 0 1 .3 0 .7

.
V 1 0 1.8o 1 1 . 0 2 6 . 5 3 . 5 1 1 . 0 7 . 5 1 3 . 0 5 .5 4 .5

F e m a l e s  

I -  II I
A r c h

I
1 2

5 2 . 5 8 . 0
9

3 . 1 0 1 5 . 3 0 0 0 0 0 0

II 8 . 0 2 . 4 - l . C 0 9 . 2 : 0 0 0 0 0 0

I I I 5 . 0 2 . 0 - l . C 0 2 3 . 0 0 7 . 7 0  . 0 0 0
IV 4 . 0 2 . 0 0 6 8 . 0 - 0 . 0 2 3 . 0 0 0 0 0

V 4 . 0 0 . 8 2 as.o 5 3 . 0 2 . 0 . 0 5 3 . 0 0 0 0 0

IV A r o h

I
2 1

1 0 5 1 4 . 5

1 1

3 . 5 3 . 6 3 . 9 1 3 . 9 3 . 6 0 1 . 1 0 0

II . 1 0 . 0 6 . 0 3 7 . 0 0 0 0 0 3 0

III . 8 . 0 2 . 1 1 . 7 3 3 . 9 4 . 5 1 2 . 2 0 2 . 8 8 .4 1 . 1

IV . 8 . 0 2 . 0 3 . 9 8.4 1 6 . 1 1 1 . 1 1 . 1 3 . 2 2 . 2 3 .3

V • 6 . 5 1 . 9 6 . 7 3 9 . 4 7-3 1 3 . 4 1 2 . 0 1 6 , 0 1 . 6 6 . 0

V A r o h

I
2 2

1 1 0 1 5 . 5

1 2

3 . 6 5 2 9 . 0 3 7 . 0 2 2 . 5 2 8 . 9 4 .9 4 . 0 0 .5 0 .9

II . 1 2 , 0 2 . 5 5 1 0 . 6 3 2 . 2 3 . 3 4 . 2 3 . 7 8 .0 0 .5 1 .5  1

I I I . 1 2 . 0 1 . 4 0 1 5 . 5 3 7 . 0 9 . 7 899 2 . 6 7 .3 1 . 1 0 . 8

IV . 1 0 . 0 1 . 7 5 1 4 . 0 4 0 . 0 1 6 . 8 25.0 8 .7 10.5 10 .5 18 .0

V • 9 . 5 2 . 8 0 5 0 . 6 7 8 . 0 2 4 . 5 4 9 . 1 19.0 3 8 . 4 14.1 2 6 . 5

VI A r o h

I
24

1 1 5 1 7 . 0

1 0

4 . 8 8 2 0 . 8 5 7 . 5 19.2 1 2 . 3 1 . 7 3 . 0 2 . 6 2 . 0

I I . 1 3 . 8 1 . 8 6 2 4 . 9 4 5 . 2 2 8 . 4 27 .0 3 0 . 3 2 6 . 0 13.6 10.4

II I . 1 3 . 8 1 . 4 5 2 2 . 7 4 1 . 8 2 5 . 1 16.9 19.4 32.9 19 .9 5.4

IV . 1 2 . 0 1 . 5 5 2 0 . 0 4 5 . 6 . 2 5 . 7 8 .9 13 .0 8 . 3 7 .5 7 . 8

V . 1 0 . 8 2 . 0 C I 38.6 7 5 . 0 3 0 .  Q 27 .3 19 .0 48 .3 27 .3 17.2

K
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(TABLE IS" oon t, )

Molar 
ag© group

P o rtio n
o f

aorta

Mean
Ig th .
aorta

om

Mean 
ciroum fer, 
o f  lumen 

om

Thick
n ess  cf 
a o rta  

mm
R.L.

L i p

D
i  d 

L. L. V

C

R, L.

a 1 c i  

D

u m 

L.L. V

i /  Grass
land  
H abitat
Males

IV

Aroh

I
I I

I I I

IV

V

VI

19
90 1 3 .3

1 1 .3  
9 .8  

8 ,0  

7 .5

16

4 .3
3 .2

2 .3 3
2 ,1

2 .5 3

0
0

1 .5

1 4 .3
2 2 ,5

5.4

11.3
23.8  

12.0
33.8

0

3 .3
19.0  

4 .1

17.1

0

0

10.1

1 2 .3
2 6 .8

3 .7
2 8 .0

1 0 .4
1 3 .8

3 7 .3

8 .7
33 .0
76.3

19 .5
55.7

9 .6

16,3

13.9
9 .6  

12.6

4 .0

2.3

10,7

12.5
7 .8

V Arch 23 - 20
I 110 16 .8 4 .6 7 6 .2 11,8 1 .9 7 .1 1 2 .2 36.7 5.6 3.6
I I . 1 2 ,6 2 ,1 5 .7 21.3 1 .2 1 3 .6 3 6 .2 65.4 28,0 44.7
I I I • 1 1 .0 1 ,71 10 .8 11.3 4*0 7 .7 59 .8 78.0 64.9 49.8
IV . 1 0 .4 2 ,0 9 .6 13.1 8 .4 8 .3 8 0 .6 8 9 .0 82.2 72.9
V

-----
8 ,9 2 ,9 8 1 0 ,7 28.9 16.7 1 6 ,0 9 6 .8 97 .5 78.2 81 ,4

VI Aroh 30 - 22
I 130 19 .0 5 .0 2 .7 11.7 5 .1 1 .5 1 .7 4 .6 0 .3 1 .2

I I . 1 3 .0 2 .7 11,4 7.8 1 .1 5 .6 35 .6 58 .0 13.0 33.6

I I I . 1 1 .5 2 .5 7 5 .5 5-5 5 .7 0 .7 59 .3 76 .5 33.0 9 .7
IV • 10 .0 2 ,51 2 ,6 13.4 i 5 .8 9 .6 6 8 .0 9 2 .5 92 .3 27 .3
V

-----
8 .0 1 .9 1 9 .0 49 .0 30 .0 3 .0 69 .0 93 .0 56.0 41 .0

Feffl&leo Arch 18 - 16 '
IV I 9 2 .5 1 2 ,0 3 .75 0 2 .8 0 0 ,6 0 5 .9 0 .9 1 .7

I I 8 1 ,6 0 6 ,8 ' 3 .7 1 .8 1 ,8 IC .l 9 .1 2 .8
I I I 6 .5 2 .0 0 .5 35 .0 6 .7 11 .7 10 .7 30 .8 4 .9 17 .9
IV 6 ,0 2 .0 3 .2 1 2 ,8 4 .4 7 .8 13.3 34.9 20 .2 9 .7
V

----
5 .5 1 .9 1 1 .8 35 .5 19 .7 14 .0 7.5 39.0 5 .5 10 ,0

V Aroh 21 - 1 6 .5
I 104 13 .8 3 .9 1 .5 1 8 ,2 1 .2 4 .2 4 .7 13 .8 4 .3 4 .8
I I . 1 0 .0 2 .0 5 9 .2 2 2 ,8 1 .2 5.4 34 .0 54 .4 4 0 .3 25 .7
I I I . 8 ,1 2 .2 7 .3 2 2 ,9 3 .5 2 ,8 42 .4 43 .5 32,8 2 9 .5
IV . 7 .0 1 .8 8 .7 1 6 ,3 1 .1 5 .9 48 ,5 55.1 21 .3 4 3 .1
V

----
6 ,9 1 .9 5 1 4 .5 32.6 5 .6 17 .4 77.0 79.0 78,1 80 .0
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TABLE \to

Body and h e a r t  w eightst Uganda e lep h an ts  (Buss I 9 6 6 )
(unpublished d a ta )

W A L E S F E M A L E S
Spec*
No*

Body
wt.

H eart
wt*

H e a rt/
Body

wt.
e/xoog

Spec.
Ho.

Body
wt.

H eart
wt.

H rt /
Body

wt
g/lOOg

Aver.
g/lOOg

^  and 0

60 140 1 .2 4 0 .89 48 304 1 .8 .5 9
40 141 1 .2 1 5 .8 6 67 365 1 .6 .4 4
96 710 3 .2 7 .4 6 58 520 3.6 .69
55 810 4 .9 5 .61 102 720 3.8 .5 3
51 812 4 .3 6 .5 4 82 790 4.28 .$4
93 880 6 .3 .71 80 980 5 .4 0 .4 9

106 1060 5 .4 0 .5 1 112 1145 6 .3 .5 5
94 1200 6 .5 4 .5 4 39 1570 8 .5 6 .5 6
96 1275 7 .6 5 .6 103 1580 7 .2 .4 6

2 1375 9 .9 .65 100 1620 8 .1 .5 0
52 1485 9 .9 .66 81 1880 9 .4 .52
36 1870 9 .9 .5 3 59 1890 10.8 .5 7
56 1975 9 .6 .49 110 1900 9 .4 5 .4 9

1 2070 11.7 .5 6 108 1970 8 .1 .4 1
76 2150 10.8 .5 93 2030 9 .0 .44

104 2180 10.6 .49 88 2060 9.25 .4 5
0 .5 162 2200 10.1 .46 46 2100 1 1 .2 5 .5 3

70 2240 9 .9 .44 37 2200 10.8 .4 7
19 2330 1 0 .3 5 .4 5 22 2340 1 1 .7 .5 0
79 2520 10.8 .4 0 92 2420 1 3 .5 .5 6
78 2530 1 3 .9 5 .5 0 73 2520 1 3 .9 5 .52
57 2800 1 4 .8 5 .5 3 68 2560 1 4 .4 .5 6
86 2990 1 4 .8 5 .5 0 23 2700 1 3 .5 .5
90 3090 1 4 .9 5 .48 72 2760 1 4 .8 5 .5 4
89 3100 1 4 .4 .47 105 2776 1 4 .3 .5 2
42 3120 1 4 .8 5 .4 8 21 2800 1 4 .8 5 .5 3

3 3470 1 5 .3 0 .4 4 47 3000 1 4 .8 5 .4 9
23 3540 1 7 .1 0 .48 44 3160 16.20 .5 1

121 3880 1 7 .5 5 .4 5 27 3240 1 8 .9 5 .5 7
25 3940 1 7 .1 0 .43 107 3480 18.45 .5 3

124 4000 18.45 .4 6 _  31 3833 1 9 .3 5 .5 0
83
84 

120

4080
4450
4700

1 8 .0 0
18.00 
21*00

.44

.41
•4?

♦(ex clu d in g  ca lv es  of le s s  than 300 kg bodyweight)
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( b )  As abovet rem ova l o f  eye l e n s .

( c )  As aboveI i n  s i t u  e x a m in a t io n  o f  c o ro n a ry  
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PIGS. 21 -  27sassBsssBssseaia

E ^ la n a t io n i
Each F ig u re  (FIGS. 2 2 - 2 7 )  shows h istog ram s 

of th e  mean a re a  o f each q u a r te r  o f each p o r tio n  
of th e  a o r ta  w a ll c o n ta in in g  l i p i d  (b la c k )  and Calcium 
(c ro s s -h a tc h e d )  d e p o s i ts ,  in  d i f f e r e n t  age groups 
o f e le p h a n ts  from a p a r t i c u l a r  h a b i ta t  ty p e .

PIG. 21 shows a combined view o f PIGS. 2 2 - 2 7 .
The d iv is io n  o f th e  a o r ta  w a ll in to  20 p o r tio n s  

i s  i l l u s t r a t e d  in  PIG. 28, and ex p la in ed  on p . 384*
- Owing to  th e  r a th e r  sm all number of e lep h an ts  

o f th e  low er age groups c o l le c te d ,  i t  has been 
n ec essa ry  to  combine th e  d a ta  from m olar age groups 

I  -  I I I .  The F ig u re s  th u s r e f e r  to  d a ta  from 
groups I  -  I I I  (c a lv e s  and ju v e n i le s )  in  th e  l e f t  
column o f  h isto g ram s on each s h e e t;  
group IV ( s u b -a d u l ts )  in  th e  second column; 
group V (prim e a d u l t s )  in  th e  th i r d  column; and 
group VI ( s e n io r  a d u l t s )  in  f o u r th  o r  r ig h t-h a n d  column 

o f each s h e e t .
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PLATE XLVII

(a )  F ie ld  photograph1 com plete h e a r t ,  

a o r ta  and r ig h t  k idney.

Specimen M.24*

• . f

(h ) Ab above# in te r i o r  view . “

Note# some c a l c i f i c  d e p o s its  

( in d ic a te d  by arrow s) a re  m acrospopically  

v is ib le  in  th i s  u n sta in ed  a o r ta .
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PMTE XLVIII

(a )  Heeirt and a o r ta  of e lep h an t s i t u  
in  c a rc a s s , seen from r ig h t  s id e .  

Specimen M.149*

(b ) I n te r io r  of a o r t i c  a rch  o f e lep h an t, 
showing o r i f i c e  of r i g h t  coronary a r te ry , 
h o te t la rg e  c a v ity  of tJte a o r t i c  a rch  
r e c a l l in g  th e  tru n cu s a r te r io s u s  of more 
•p rim itive*  v e r te b ra te s .
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PU T E  XLIX . -.V

( a )  S e m ilu n a r  v a lv e i  p u lm onary  a rc h  o f  

e le p h a n t  h e a r t .

M.2 4 .

' X Æ L ':

( b )  A o r t i c  v a lv e ,  M .22.

( c )  S a g i t t a l  v iew  of p a r t  o f  l e f t  s i d e  o f  

h e a r t  o f  e le p h a n t  c a l f  M .I I4 *
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PIATE L

Comparison between two normal montane
elep h an t h e a r ts  (b ) and (c ) ;  and
two scrub land  e lep h an t h e a r ts  (a )  and (d ) .

(a )  D orsal view of h e a r t  o f fem ale e lep h an t 
c a l f  M.114 (scru b lan d  h a b i ta t  ty p e ) .

(b ) L eft v e n to - la te r a l  view o f h e a r t  o f young 
male e lep h an t M.8 3  (montane h a b i ta t  ty p e ) .
Note p o in te d , s in g le  apex and la rg e  d e p o s its  
of B u b -ep ica rd ia l f a t  masking th e  very  s l i g h t  
v e n t r ic u la r  b i fu rc a t io n .

(c )  D orsal view of h e a r t  o f s e n io r  b u l l  e lep h an t, 
M .I52 (montane h a b i ta t  ty p e ): showing po in ted  
apex of l e f t  v e n tr ic le *  E x ten siv e , firm , 
f a t t y  m antle , and very  s l i g h t  v e n t r ic u la r  
b ifu rc a t io n .

(d ) D orsal view o f h e a r t  of e ld e r ly  s e n io r  b u ll  
e lep h an t, M .II6 , (sc ru b lan d  h a b i ta t  ty p e ): 
showing th e  prom inent v e n t r ic u la r  b ifu rc a t io n , 
•square* shape, and le an  appearance of the  
h e a r t .



—4 3 y -

PLATE L



— 428 —

PIATE LI

Hearts of 4 elderly scrubland and grassland 
elephants, all of which had extensive, grey 
atheroma-like plaques in the aortic arch and 
thickened, fatty plaques in the coronary 
arteries;

(a) dorsal view of heart of elderly bull elephant, 
M.86 (grassland habitat type). This heart 
was lean, flaccid and •square*, with the 
ventricular bifurcation very prominent.

(b) Left ventro-lateral view of heart cf senior 
cow elephant, M.122, (scrubland habitat type). 
The heart is lean and the bifurcation 
prominent.

(c) Dorsal and (d) ventral views of the heart 
of the very elderly cow elephant M.107 
(scrubland habitat type).
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B. The A orta

i )  Length and c ircu m feren ce o f  lumen 

The f ix e d  a o r ta  o f  th e  you n gest e lep h a n t c o l le c t e d  

(M*1 3 5 )> a c a l f  o f  l e s s  than 6 months o ld ,  was 53 cm in  

le n g th , i . e .  a o r t ic  arch 8 cm p lu s  a o r ta  (ductus a r te r io s u s  

to  b i f u r c a t io n )  45 cm. The maximum lumen c ircu m feren ce  

(a t  d u c t . a r t . ) was 6 cm, and minimum 4*0 cm ( in  p o r t io n  V),  

a r a t io  o f  0 .6 6 .

The la r g e s t  normal a o r ta  c o l le c t e d  (# .1 1 6 , la r g e  e ld e r ly  

b u l l )  was 155 cm lo n g , i . e .  a o r t ic  arch 25 cm p lu s  a o r ta  130 cm; 

maximum lumen c ircu m feren ce  20 cm, minimum 14 cm, a r a t io  

o f  0 .7*  These f ig u r e s  r e p r e se n t  t o t a l  f r e s h  le n g th s  

o f  app roxim ately  64 cm (M .135) and 186 cm (# .1 1 6 )  r e s p e c t iv e ly ,

i i ) M acroscopic s tr u c tu r e  

The unpaired c o e l ia c  and a n te r io r  m esen ter ic  a r t e r ie s  

u s u a l ly  a r is e  s e p a r a te ly  in  th e  v e n tr a l l i n e  o f  th e  a o r ta  

a t th e  p o s te r io r  end o f  p o r t io n  I I I  ( s e e  FIG. 2 8 , p .419 );  

and th e  r e n a l a r t e r ie s  s e p a r a te ly  in  th e  v e n tr a l l in e  

a t  th e  p o s te r io r  end o f  p o r t io n  IV. One r en a l a r te r y  

u s u a l ly  l i e s  s l i g h t l y  a n te r io r  in  p o s i t io n  to  th e  o th e r .

Minor v a r ia t io n s  o f  t h i s  arrangem ent were n ot uncommon emd 

appeared to  bear no r e la t io n s h ip  to  h e a lth  or h a b ita t .
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V a r ia t io n s  in c lu d e d  th e  o c c u rre n c e  o f  c o e l ia c  and 

a n t e r i o r  m e s e n te r ic  a r t e r i e s  w ith  a  common o r i g in  i n  th e  

a o r t a ,  and s i m i l a r l y  o f  b o th  r e n a l  a r t e r i e s  w ith  a  common 

o r i g i n .  V a r ia t io n s  i n  th e  a rran g em eb t o f  th e  a r t e r i e s  a t  

th e  b i f u r c a t i o n  w ere a ls o  n o te d ,  a l th o u g h  i t  was u s u a l  to  

f in d  o n ly  two common i l i a c  a r t e r i e s ,  and th e  p o s t e r i o r  mes

e n t e r i c  a r t e r i e s  o r i g i n a t i n g  a t  o r  n e a r  th e  t e r m in a t io n  o f  

th e  a o r t a  i t s e l f .  However, c a s e s  w ere a l s o  n o te d  i n  w hich 

a  c a u d a l a r t e r y  o r ig in a te d  in d e p e n d e n tly  a t  th e  b i f u r c a t i o n ,  

and a n ^ o th e r  i n  w hich th e r e  a p p ea red  to  be s e p a r a te  o r ig in s  

o f  i n t e r n a l  and e x te r n a l  i l i a c  a r t e r i e s ,  a l th o u g h  th e s e  w ere 

n o t  c o n c lu s iv e ly  i d e n t i f i e d  a s  su c h .

The s p e rm a tic  and o v a r ia n  e r t e r i e s  w ere n o te d  in  some 

c a s e s  to  o r i g i n a t e  i n  th e  a o r t a  i t s e l f  and i n  o th e r s  a s  

b ra n c h e s  o f  th e  r e n a l  a r t e r i e s .  The o r i g i n  o f  th e  p h re n ic  

a r t e r y  was n o t  n o rm a lly  lo c a te d  in  th e  a o r t a ,  and one su p p o ses  

t h a t  i t  more o f t e n  o r i g in a t e s  a s  a  b ran c h  o f  th e  c o e l i a c .  

V a r ia t io n s  i n  th e  num ber, appearsm ce and a rran g em en t o f  th e  

d o r s a l  o s t i a  b o th  i n  th e  t h o r a c ic  and abdom inal a o r t a  were 

v e ry  common and a p p a r e n t ly  c o m p le te ly  i n d i v i d u a l i s t i c .

No f e a t u r e  c l e a r l y  d i s t i n g u i s h in g  betw een  th e  a o r ta e  

o f  th e  m ale and fem a le  e le p h a n ts  i n  t h i s  c o l l e c t i o n  was 

d e te c t e d .
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UL
The p resence  o f^ su p p o rtiv e  f ib ro u s  c o l la r  and p o s te r io r  

re in fo rcem en t *ramp* a s so c ia te d  w ith th e  ostium  of every 

branch a r te r y ,  la rg e  or sm a ll, o r ig in a t in g  in  th e  a o r ta ,  

occurred  w ithout exception© These were found to  be more 

prom inent and m ainly f ib ro u s  in  c h a ra c te r  in  o ld e r  an im als, 

w hile  in  young anim als they  were le s s  prom inent, and alm ost 

in v a r ia b ly  con tained  d e p o s its  of s to re d  l ip id  -  d e te c ta b le  

w ith  Sudan IV stain©  The presence of th e se  f a t t y  d e p o s its  

was no t d e te c ta b le  m acroscop ica lly  in  th e  u n sta in ed  f re s h  

a o r ta .

i i i ) M icroscopic s t r u c tu r e

This i s  i l l u s t r a t e d  in  P la te s  L II to  LX, pp 4-i>7 "̂ 73

In  p o r tio n  I  o f th e  a o r ta  ( a n te r io r  p o r tio n )  th e  tu n ic a  

in tim a  i s  norm ally  extrem ely th in  (lO fj )  and th e  tu n ic a  media 

Tory th ic k  and e l a s t i c .  In  c a lv e s , 95 ± 5 e l a s t i c  lam ellae  

were counted in  th e  a n te r io r  samples from p o r tio n  l /d o r s a l ,  

and 120 ± 5 in  p o r tio n  l / v e n t r a l .  In  an e ld e r ly  b u l l ,  ,

125 ± 10 w ere co u n ted  i n  p o r t io n  I / d o r s a l  and 225 i  10 in  

th e  a n t e r i o r  p a r t  o f  p o r t io n  l / v e n t r a l .  In  jfSan th e r e  a re  

s a id  to  be a b o u t 40 l a m e l la e  i n  th e  new born and 70 in  th e  

a d u l t  (Ham 1965)*

The r a t io s  o f mean th ic k n ess  of in tim a to  media in
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th e  s tan d ard  samples taken  from the  normal e lep h an t a o r ta e  

were as fo llo w s# -

P o rtio n  o f a o r ta D orsal l in e V en tra l l i n e

I 0 .0 0 6 0 .0 0 5
I I I 0.007 0 .0 0 6

IV 0 .0 4 0 .0 4
V 0.20  * 0 .04

These f ig u re s  must, however, be regarded  w ith  some 

re s e rv e , as th e  v a r ia t io n  of r a t i o  w ith in  any one p a r t  of a 

s in g le  p o r tio n  of th e  a o r ta  i s  co n s id e ra b le , and th e  need fo r  

such e x a c titu d e  in  s ta n d a rd is a tio n  of th e  sam pling tehn ique 

was no t f u l ly  r e a l is e d  a t  th e  tim e when th e  t i s s u e  samples 

were a c tu a l ly  ta k en . A more ex ten s iv e  and exact s tan d ard 

ise d  sam pling techn ique would be n ecessary  i f  th e  normal 

r a t io s  of th ic k n ess  of th e  in tim a to  media were to  be mapped 

a c c u ra te ly  in  d e t a i l  f o r  th e  whole normal a o r ta  of each age 

group.

P o rtio n  I  i s  th e  w idest and th ic k e s t  p a r t  of th e  a o r ta  

(T a b le / I 5 , pp 400 to  402) and th e  media here  norm ally  co n ta in s

* ( th e  r a t i o  i s  u n u su a lly  h igh  a t  th i s  p o in t ,  where th e  d o rsa l 
c re s c e n tic  r id g e  of th ickened  su p p o rtiv e  t i s s u e  occurs ju s t  
a n te r io r  to  th e  b ifu rc a t io n )
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v e ry  l i t t l e  c o l la g e n  and few  sm ooth m uscle  c e l l s ,  th e  

e l a s t i c  la m e l la e  b e in g  c lo s e ly  packed t o g e th e r .  A r te r io 

l e s  o f th e  V asa vasorum  p e n e t r a t e  to w ard s  th e  a o r t i c  lumen 

th ro u g h  o f  th e  th ic k n e s s  o f  th e  m edia in  t h i s  p o r t io n ,  

and c a p i l l a r i e s  to  75/^ d e p th .

In  th e  a n t e r i o r  p a r t  o f  p o r t io n  I I ,  th e  a o r t i c  lumen 

becom es somewhat n a rro w e r , and th e  p r o p o r t io n  o f  sm ooth 

m u sc le  c e l l s  i n  th e  m edia i s  found to  in c r e a s e  i n  r e l a t i o n  

to  th e  e l a s t i c  f i b r e s ,  th e  e l a s t i c  la m e l la e  becom ing more 

w id e ly  s e p a r a te d  from  each  o th e r .

In  p o r t io n s  I I I  and IV , sm ooth m usc le  c e l l s  and 

c o l la g e n  f i b r e s  p re d o m in a te , and th e  i n t e r n a l  e l a s t i c  

la m e l la  i s  d i s t i n g u i s h a b l e  a s  a  wavy f ib r o u s  l i n e ,  i n t e r 

ru p te d  a t  i n t e r v a l s ,  and s t a i n i n g  r e a d i l y  w ith  V e r h o e f f 's  

e l a s t i n  s t a i n .

In  p o r t io n s  I  -  I I I ,  th e  combined in tim a  and m edia o f 

th e  v e n t r a l  l i n e  seem g e n e r a l ly  to  be t h i c k e r  th a n  i n  th e  

d o r s a l  l i n e ,  b u t  a r e  a p p ro x im a te ly  e q u a l in  p o r t io n  IV.

In  p o r t io n  V, how ever, be tw een  th e  r e n a l  a r t e r i e s  Euid th e  

b i f u r c a t i o n ,  n o t  o n ly  i s  th e  d o r s a l  w a ll  t h i c k e r ,  b u t  a ls o  

th e  r a t i o  o f  in t im a  to  m edia i s  g r e a t e r .

In  a l l  p o r t i o n s ,  th e  in t im a  o f  th e  f ib r o u s  r e in fo rc e m e n t



-  435 -

c o l la r s  and ramps a s so c ia te d  w ith o s t i a ,  co n ta in s  a h ig h e r 

p ro p o rtio n  o f f in e  e l a s t i c  and co llag en  f ib r e s  in  th e  sub- 

e n d o th e lia l  emd deep e x te rn a l la y e rs  than  elsewhere*

/ Almost in v a r ia b ly , e x t r a c e l lu la r  l i p id  m a te r ia l can be de

te c te d  in  th e  deep la y e rs  of th e  in tim a of th e se  collars and 

ramps, e s p e c ia l ly  a t  th e  apex of th e  d ep ress io n  form ing th e  

p o s te r io r  rim  of th e  ostium , and on th e  s lo p e  of th e  * ramp *, 

ju s t  p o s te r io r  and l a t e r a l  to  th e  *collsm?* (P la te  LV, LXIV, 

pp And 4^1 ,

Luginbtthl & D etw eiler ( I 9 6 5 ) m ention p laques w ith  

lam inated  caps a t  s i t e s  of v a sc u la r  o r i f i c e s  but make no 

m ention of th e  normal occurrence of th e se  in  th e  sp e c ie s  which 

th ey  s tu d ie d .

The exact mode of fu n c tio n in g  o f th e se  c o l la r s  and ramps, 

p robably  no t m erely as r e in fo rc in g  s t r u c tu re s  enab ling  the  

t i s s u e s  to  w ith stan d  haemodynamic s t r e s s e s  o p e ra tin g  a t  each 

a r t e r i a l  branch and b ifu rc a t io n  (Branwood 1963)1  bu t a lso  

as s e l f - a d ju s t in g  c o n s tr ic t io n  v a lv e s , has been d iscu ssed  

more f u l ly  in  c h .6, pp I 40 to  142 and 165 to  168.

P la te  XX, p .2 5 0 , shows two p o rtio n s  of a lo n g itu d in a l s e c tio n  

of th e  c o l la r  and ramp of th e  6 th  a o r t i c  ostium  of an e ld e r ly  

hippopotam us. I t  w il l  be seen  th a t  the  e l a s t i c  lam ellae
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o f  th e  m edia te r m in a te  a b r u p t ly  u n d e r  th e  r im  o f  th e  c o l l a r  

and a r e  r e p la c e d  by c o l la g e n  f i b r e s  and sm ooth m usc le  w ith  

o n ly  a  few  f i n e  s t r a n d s  o f  e l a s t i c  f i b r e  p e n e t r a t i n g  th e  

c o l l a r  i t s e l f .  The in t im a  i s  o n ly  s l i g h t l y  th ic k e n e d  

w i th in  th e  o s tiu m  and a  sm a ll  amount o f  l i p i d  m a te r i a l  l i e s  

i n  th e  m edia a t  th e  apex  o f  th e  'f u n n e l* .

In  t h i s  p a r t i c u l a r  s e c t i o n ,  in t im a i  s u d a n o p h i l ic  m a te r

i a l  was d e te c te d  i n  th e  d eep  s u b e n d o th e l ia l  l a y e r  o f  th e  

in t im a  on th e  p o s t e r i o r  s lo p e  o f  th e  ram p. An i d e n t i c a l  

s i t u a t i o n  o b ta in s  in  th e  a o r t i c  o s t i a  o f  th e  e le p h a n t ,  a lth o u g h  

th e  o s t i a  i n  th e  l a t t e r  s p e c ie s  a r e  a lw ays l e s s  p ro m in en t th a n  

th o s e  o f  th e  h ip p o p o tam u s, ‘ The re in fo rc e m e n t  • c o l l a r s *  a r e  

a lw ays co n sp icu o u s  a t  th e  o r i g in s  o f  th e  l a r g e r  b ra n c h e s  -  

c o e l i a c ,  a n t e r i o r  m e s e n te r ic  and r e n a l  a r t e r i e s  -  , b u t  th e  

'rampef a p p e a r  to  be v e ry  sm a ll  and i n s i g n i f i c a n t  i n  p ro 

p o r t io n  to  th e  s i z e  o f  th e  o r i f i c e .

In  th e  a o r t i c  a r c h ,  a t  th e  o r ig in s  o f  th e  b r a c h io c e p h a l ic  

t r u n k s ,  and a t  th e  b i f u r c a t i o n ,  th e  s u p p o r t iv e  'r id g e s *  a re  

v e ry  p ro m in en t i n  e le p h a n t .  I t  i s  i n  th e s e  r i d g e s  t h a t  th e  

e a r l i e s t  a c c u m u la tio n s  o f  l i p i d  seem to  o c c u r . A t th e  

b i f u r c a t i o n ,  i n  a d d i t i o n ,  a  c r e s c e n t i c  o r  p o in te d  a rc h  o f  

f i b r o u s  s u p p o r t iv e  t i s s u e  i s  som etim es v i s i b l e ,  e s p e c i a l l y
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in  o ld e r  animals* This seems to  be an a n te r io r  ex ten sio n  

of th e  main d o rsa l r id g e  a t  th e  b ifu rc a t io n  of th e  i l i a c  

a r te r ie s *  This c re s c e n tic  or a r c h - l ik e  r id g e  seems to  l i e  

in  th e  l in e  of maximum m echanical s t r e s s  o ccu rrin g  in  th is  

reg io n  of th e  a o r ta .  I t  norm ally has th e  h ig h e s t p ro p o rtio n  

o f f ib ro -m u ecu la r t i s s u e  in  both th e  in tim a and media as w ell 

as th e  g r e a te s t  r a t i o  of th ick n ess  of in tim a to  media (even 

as h igh  as 0 .20 ; o f . p . 433) of th e  a o r t i c  w all in  th i s  reg io n .

This s t r u c tu r e  a lso  seems to  be e s p e c ia lly  prone to  

m edial m in e ra lis a tio n ,a n d  in  very  e ld e r ly  b u ffa lo  and e le 

phant m in e ra lis a tio n  o f th e  e n t i r e  c re s c e n t ic  o r  a r c h - l ik e  

r id g e  may occur. A com plete c a lc i f ie d  c re s c e n tic  rod was 

e x tra c te d  from tWe p o s i t io n  in  th e  a o r ta  of the  e ld e r ly  

b u ffa lo  M.3I  and a lso  from th e  e ld e r ly  e lep h an t M.IO?. The 

l a t t e r  i s  i l l u s t r a t e d  in  P la te s  P |^3 and LXXXI,pO/3 •

This animal a lso  showed ex ten s iv e  a th ero m a-lik e  plaques 

throughout th e  a o r t ic  a rch  and a o r ta ,  and an a o r t ic  aneurysm 

between th e  o r ig in s  of th e  c o e lia c  and a n te r io r  m esen teric  

a r t e r i e s .

A lo n g itu d in a l s e c tio n  through th e  o r i f i c e s  o f th e  re n a l 
the

a r t e r i e s  of j[young su c k lin g  e lephan t c a l f  M.135 (P la te  LX (b),p473 )
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shows some degree o f m in e ra lis a tio n  o f th e  e l a s t io a  

even a t  th i s  e a r ly  s ta g e  of developm ent, although  i t s  chem

ic a l  id e n t i ty  was no t determ ined . Sudanophilic  m a te r ia l 

was a lso  lo c a te d  in  th e  deep su b e n d o th e lia l la y e r  of th e  

in tim a  in  fro zen  se c tio n s  of the  same t i s s u e .

C. Muscular A rte r ie s

S ec tions of normal c a ro t id ,  common i l i a c ,  b r a c h ia l ,  

fem o ra l, and coronary a r t e r i e s  a re  i l l u s t r a t e d  in  P la te s  LVIII, 

p . 4^7 f hXI, p.AYs", UCII, p .4.77 ; XJCVII, p.A9/and 

The re in fo rcem en t c o l la r s  and ramps of branches of th e  

m uscular a r t e r i e s  a re  more prom inent than  th o se  of th e  a o r ta  

in  th e  e lep h an t, and in  e lep h an ts  o f every age group in tim a i 

l ip id  d e p o s its  were found a s so c ia te d  w ith  th e se  c o l la r s  

and ramps in  th e  ex tra -m u ra l coronary a r t e r i e s ,  u s u a lly  

on th e  d i s t a l  s lo p e  of th e  ramp.

The r a t i o  o f th ick n ess  of in tim a to  media in  th e  e x tra 

mural coronary a r t e r i e s  i s  about 0 .7  -  0 ,9 , and as in  o th er
«

a r t e r i e s  th i s  v a r ie s  accord ing  to  i t s  p rox im ity  to  a curve 

o r branch.

Lipid and m ineral d e p o s its  in  norm al,m uscular e lephan t
a r t e r i e s

This has been d iscu ssed  in  Appendix 4 r  ,and
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i t  i s  concluded  t h a t  th e  p re s e n c e  o f  l i p i d  d e p o s i t s  w i th in  

r e in fo rc e m e n t  ' c o l l a r s ' ,  'r a m p s ' and ' r i d g e s '  o f  th e  a o r t a  

and m u scu la r a r t e r i e s  i s  norm al in  e le p h a n t  o f  a l l  age 

g ro u p s , b e in g  p a r t i c u l a r l y  ab u n d an t i n  th e s e  l o c a t io n s  in  

s u c k l in g  c a lv e s ,  and p re g n a n t and n u r s in g  cows.

In  c o n t r a s t ,  th e  p re s e n c e  o f  Calcium  d e p o s i t s  d e te c t a b l e  

m a c ro s c o p ic a l ly  by d i r e c t  v i s u a l  te c h n iq u e s ,  i . e .  by r a d io 

g ra p h y , in  th e  a o r t a  and m u scu la r a r t e r i e s  i s  co n clu d ed  to  be 

a b n o rm a l. N e v e r th e le s s ,  a s  m en tioned  ab o v e , some a p p a re n t  

m in e r a l i s a t i o n  o f  th e  a o r t i c  e l a i t i c a  o f  a  s u c k l in g  m ontane
L ii'

c a l f  was found  in  th e  v i c i n i t y  o f  th e  r e n a l  o s t i a .

D. A r t e r i o l e s ,  C a p i l l a r i e s  and V eins

No p a r t i c u l a r  s tu d y  o f  th e  s m a l le r  a r t e r i e s ,  c a p i l l a r i e s  

o r  v e in s  has a s  y e t  been  c a r r i e d  o u t on th e  m a te r i a l  c o l l e c t 

ed , b u t  th e  e v e n tu a l  s tu d y  o f  th e s e  i s  p la n n e d . Only c a se s  

o f  m a c ro s c o p ic a l ly  o b v io u s v a r i c o s i t y  o f  v e in s  have been  

n o te d  h e re  (p  Ah'? )•

C a rd io v a s c u la r  A b n o rm a litie s

A. H e a rt

As has been  shown, h e a l th y  e le p h a n ts  c o l l e c te d  in  th e  

m ontane h a b i t a t  ty p e  a r e  c o n s id e re d  to  r e p r e s e n t  th e  norm .

The l a r g e  ' s q u a r e ' ,  f l a c c i d  ty p e  o f  h e a r t  c h a r a c t e r i s t i c a l l y
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a s so c ia te d  w ith e lep h an ts  c o lle c te d  in  th e  degenera te  

h a b i ta t  types a re  thus regarded  as abnorm al. In  th e se , 

muscle tonus was low, th e  f a t t y  m antle reduced , and th e  

b ifu rc a t io n  of th e  apex exaggerated .

The fo llo w in g  a d d i t io n a l ,  ap p a re n tly  norm al, c h a ra c te r 

i s t i c s  of the  h e a r ts  of th e  g rass lan d  e lep h an ts  were n o te d s-  

i )  f e n e s t r a t io n  of one or more cusps of the  a o r t i c  - 

v a lv e  occurred in  9 ou t of the  13 e lep h an ts  c o lle c te d ; a

s im ila r  f e n e s t r a t io n  of th e  cusps of th e  sem ilunar va lves

of th e  pulmonary arch  was a lso  n o ticed  in  a number of ca ses .

i i )  Calcium f le c k s  were found in  th e  ex tra -m u ra l 

coronary  a r t e r i e s  in  M.93; M.21, M.18 and ^-^4^

i i i )  l ip id  s tre a k s  eind p laques occurred  in  th e  in tim a 

o f th e  coronary a r t e r i e s ,  a d d it io n a l to  th a t  in  the  re in fo rc e 

ment c o l l a r s ,  ramps and r id g e s  of the  o s t i a  o f branches in

specimens M.22, 24, 84, 93; 21, l8 ,  and 86. The l a s t  of

th e s e , M.86, had long , p ro je c t in g  f a t t y  p laques ex tending  

th roughout the  ex tra -m u ra l coronary a r t e r i e s .

iv )  Roughness of th e  in tim a of th e  a o r t ic  s in u ses  

occurred  e s p e c ia l ly  in  the  v ic in i ty  of th e  o r i f i c e s  of th e  

coronary a r t e r i e s  in  specimens M.22, 8 4 , I 8 , and 86.

M86 no t only had a roughened in tim a in  th e  a o r t ic  s in u ses
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and t h e i r  v i c i n i t y ,  h u t  e x te n s iv e  'p e a r l y  g r e y ' p la q u e s  

co v ered  m ost o f  th e  i n t e r n a l  s u r f a c e  o f  th e  a o r t i c  a r c h ,  

b e in g  p a r t i c u l a r l y  t h i c k  i n  th e  v i c i n i t y  o f  th e  b ra c h io 

c e p h a l ic  t r u n k s .  In  M .I8 th e  a o r t i c  a rc h  c o n ta in e d  b u t to n s  

( 0 .2  -  1 ,0  cm d h m e te r ) and i r r e g u l a r  s o f t  w h ite  p la q u e s  i n  

th e  a rc h  i t s e l f  and th e  o z ig in s  o f  th e  b r a c h io c e p h a l ic  t r u n k s .  

The i n t e r n a l  s u r f a c e  o f  th e  a rc h  in  t h i s  specim en  was 

w rin k le d  and r a t h e r  r i g i d .

S l i g h t  o c c lu s io n  o f  th e  o r i f i c e  o f  th e  r i g h t  c o ro n a ry  

a r t e r y  was n o ted  i n  M.88 and M.22 (d ia m e te r  < 0 .8 .cm, com

p a red  w ith  > 1 .2  cm a s  found  in  o th e r  e le p h a n t s ' h e a r t s  

o f  com parab le  s i z e ) .

v )  A few  f ib r o u s  e p i c a r d i a l  ' t a g s '  w ere n o ted  on th e  

a t r i a  o f  th e  h e a r t  o f  M ,120. In  t h i s  sp ec im en , s i m i l a r  

' t a g s '  w ere found  on th e  p e rito n e u m , and p e r ic a rd iu m .

v i )  A c ase o u s  l e s io n  was n o te d  in  th e  endocard ium  o f  

th e  l e f t  v e n t r i c l e  i n  th e  h e a r t  o f  M.122. On th e  b a s i s  

o f  th e  t i s s u e  r e a c t i o n ,  when s t a in e d ,  t h i s  i s  th o u g h t to  ^ 

have been  caused  by an in fla m m a to ry  a g e n t ,  su ch  as  B a c te r ia  

o r  T oxoplasm a, a lth o u g h  no i d e n t i f i a b l e  o rg an ism s cou ld  

be lo c a te d  in  i t  (S m ith  I 9 6 7 ) .

I t  seems v e ry  p o s s ib le  t h a t  an  in c r e a s e  o f  th e  in t im a i
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th ic k e n in g  o f  th e  c o ro n a ry  a r t e r i e s  due to  e x c e s s iv e  l i p i d  

d e p o s i t io n  i n  spec im ens M.18, 86 and 93, accom panied by 

a d v an c in g  c a l c i f i c a t i o n  o f  th e  e l a s t i c  l a m e l la ,  in c re a s e d  

f e n e s t r a t i o n  o f  th e  cu sp s  o f  th e  a o r t i c  v a lv e  and lo s s  o f 

e l a s t i c i t y  o f  th e  a o r t i c  a rc h  c o u ld  c o n t r ib u te  to  e v e n tu a l  

te rm in a l  c a r d ia c  f a i l u r e .  The o n ly  a v a i l a b l e  a u th e n t i c  

r e c o rd  o f  te r m in a l  c o ro n a ry  i n s u f f i e i e n c y  in  an e le p h a n t ,  

co n firm ed  by p o st-m o rtem  e x a m in a tio n , i s  t h a t  o f  L indsay  

e t  a l . (1 9 5 6 ) , i n  w hich he d e s c r ib e d  th e  c a se  o f a  c a p t iv e  

In d ia n  e le p h a n t  i n  th e  San F ra n c is c o  Z o o lo g ic a l  G arden .

The n a tu r a l  d e a th  o f  two w ild  e le p h a n ts  i n  Uganda, supposed 

ly  due to  te rm in a l  c a r d ia o  f a i l u r e  was d e s c r ib e d  to  th e  

a u th o r  i n  I 964 (A ppendix  4 , P#" ) .

The c o m p a ra tiv e ly  f r e q u e n t ly  re c o rd e d  c a se s  o f  e ld e r ly  

e le p h a n ts  d y in g  o f  'e x h a u s tio n *  i n  deep  mud w allow s and 

s t e e p - s id e d  r i v e r  beds m igh t a ls o  s u g g e s t  t h a t  a co m b in a tio n  

o f  th e  c o n d i t io n s  d e s c r ib e d  above co u ld  p re d is p o s e  th e  

an im a l to  c o l l a p s e ,  fo l lo w in g  o v e r - e x e r t io n  w h ile  a t te m p tin g  

to  e x t r i c a t e  i t s e l f  from  an ex trem e n a t u r a l  h a z a rd . Such 

c a s e s  a r e ,  how ever, r a h e ly  w itn e s se d  and have a p p a re n t ly  

n o t  y e t  o c c u rre d  in  c irc u m s ta n c e s  s u i t a b l e  f o r  su b se q u e n t 

a u to p sy  e x a m in a tio n , and comment h e re  i s  p e r f o r c e  p u re ly  

s p e c u l a t i v e .
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B. A o rta

As m en tioned  e a r l i e r ,  p . 439; th e  a n a ly s i s  o f  th e  

q u a n t i t a t i v e  d a ta  on th e  l i p i d  and C alcium  d e p o s i t s  found  

in  th e  a o r t a e  o f  th e  e le p h a n ts  s tu d ie d  in  t h i s  p r o j e c t  i n d i 

c a te s  t h a t  th e  a b n o rm a li t ie s  a s s o c ia t e d  en  th e  one hand w ith  

th e  p re s e n c e  o f  C alcium  in  th e  m edia and on th e  o th e r  w ith  

in t im a i  l i p i d  e x tra n e o u s  to  th e  o s t i a l  re in fo rc e m e n t  

' c o l l a r s ' ,  'ram ps* euid ' r i d g e s '  a r e  d i s t i n c t  and b a s i c a l l y  

in d e p e n d e n t c o n d it io n s *  N e v e r th e le s s ,  i n  th e  ex trem e c a se s  

o f  a o r t i c  c a l c i f i c a t i o n  found  among g r a s s la n d  e le p h a n ts  

(M.18, 21, 24; 86 and 93) e x tra n e o u s  in t im a i  l i p i d  d e p o s i t s  

w ere c lo s e ly  a s s o c ia t e d  i n  some p e ir ts  o f  th e  a o r t a  w ith  

in t im a i  and m ed ia l C alcium  d e p o s i t s  (A ppendix  4; P la te  I I ) .

A lthough  e x tra n e o u s  in t im a i  l i p i d  d e p o s i t s  w ere found 

to  be more e x te n s iv e  i n  s c ru b la n d  th a n  in  g r a s s la n d  e l e 

p h a n ts ,  i n  advanced  c a s e s  from  e i t h e r  h a b i t a t  -  w here e x te n 

s iv e  s o f t ,  w h i te ,  f ib r o - c o l la g e s o u s  in t im a i  p la q u e s  c o n ta in 

in g  deep  s u d a n o p h i l ic  l i p i d s  o v e r la y  c a l c i f i e d  a r e a s  o f  th e  

i n t e r n a l  e l a s t i c  la m e l la  and f ib r o u s  l a y e r s  o f  th e  m edia -  

i t  a p p ea re d  t h a t  th e  c o in c id e n c e  o f  th e s e  c o n d i t io n s  r e s u l t e d  

i n  t i s s u e  r e a c t i o n s  in  b o th  l a y e r s .  T h is  p o s s ib ly  se rv e d  

to  h a s te n  th e  m utual developm en t o f  b o th  c o n d it io n s
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to g e th e r  to w ard s i r r e p a r a b l e  d e g e n e ra t io n  o f  th e  a o r t a  

w a l l .

As shown in  T ab le  15 (pp*400 -  4 0 2 ) and th e  h is to g ra m s , 

FIGS. 21 -  28 ( p p .412- 4 1 9 )* th e  e a r l i e s t  a p p e a ra n c e  o f  

e x tr a n e o u s ,  in t im a i  l i p i d  d e p o s i t s  c h a r a c t e r i s t i c a l l y  

o c c u rs  d ia g o n a l ly  a c ro s s  th e  a n t e r i o r  p a r t  o f  th e  a o r t a  

from  th e  v e n t r a l  to w ard s th e  d o r s a l  l i n e ,  i . e .  f o l lo w in g  

th e  d i r e c t i o n  o f  th e  msdn f o r c e  o f  th e  b lo o d  flo w  from  th e  

h e a r t  d u r in g  v e n t r i c u l a r  s y s t o l e .  At th e  same t im e , 

e x tra n e o u s  in t im a i  l i p i d  d e p o s i t s  may b e g in  to  b u i ld  up 

i n  th e  v i c i n i t y  o f  th e  b i f u r c a t i o n  a s  b ro a d , s o f t  p la q u e s  

c o n ta in in g  much l i p i d  and l i t t l e  c o l la g e n  ( P l a t e  UiX f p ^ l 3  

and A ppendix 4* P l a t e  I I ) .

I t  i s  o f  n o te  t h a t  in  a l l  c a s e s  th e  a re a  o f  a o r t i c  

w a ll  c o n ta in in g  l i p i d  d e p o s i t s  i s  a lw a y s . l e a s t  in  p o r t io n s  I I  

and I I I  and g r e a t e s t  i n  p o r t io n s  I  and V. In  advanced c a s e s ,  

l a r g e  d e p o s i t s  may a l s o  o c c u r  in  p o r t io n s  IV . I t  i s  i n  

th o s e  p o r t io n s  w here th e  b lood  f lo w  i s  s t e a d i e s t ,  u n in te r 

r u p te d  by c u rv e s  o r  e d d ie s ,  and w here o n ly  m inor b ran c h es  

o r i g i n a t e ,  t h a t  l i p i d  d e p o s i t io n  i s  m in im al. T h is  

d i s t r i b u t i o n  c o n t r a s t s  w ith  t h a t  o f  C alc ium , w hich  u s u a l ly  

o c c u rs  in  g r e a t e r  q u a n t i t i e s  in  th e  p o s t e r i o r  ( t h e  more
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m uscular) r a th e r  than  th e  a n te r io r  ( th e  more e l a s t i c )  

p o r tio n s  of th e  a o r ta  and seems, e s p e c ia l ly  in  advanced 

c a se s , to  be more w idespread in  i t s  d i s t r ib u t io n  around th e  

a o r t i c  w a ll. Moreover, th e  in tim a i l ip id  d ep o s itio n  p a t te rn  

seems to  r e f l e c t  the  p robab le  flow  p a t te rn s  of th e  blood 

w ith in  th e  a o r t ic  lumen, whereas th e  Calcium d ep o s itio n  

appears to  be independent of th e  blood flow  p a t te r n s .

Whether th i s  su g g ests  th a t  th e  a c tu a l  p h y s ic a l 

ch a ra c te r  of th e  l ip id  d ro p le ts  in  th e  blood plasma in  

r e l a t io n  to  th e  haemodynamics of th e  e lep h an t i s  s ig n i f ic a n t  

h e re , or whether th e  in d ic a t io n s  r e l a t e  to  m echanical s t r e s s e s  

in f l i c t e d  on th e  in tim a  over a rea s  of maximum f lu id  p re ssu re , 

r e s u l t in g  in  some degree of trauma to  th e  in tim a , i s  beyond 

th e  scope of th i s  s tudy  (French & Jennings I 9 6 5 ) . Never

th e le s s ,  th e  o b se rv a tio n  r a is e s  q u es tio n s  which may be of 

s ig n if ic a n c e  in  th e  f i e l d  of com parative haemodynamics.

F ib ro u s , in tim a i b u tto n s  have been p a r t ic u la r ly  noted 

w ith in  tiis  c h a r a c te r i s t i c  pathway along  which th e  extraneous 

l i p i d  d e p o s itio n  prooeeds, bu t confined to  th e  a n te r io r  p a r t  

(p o r tio n  X) of th e  a o r ta .  These were found in  specimens 

M .II9 , 120, 122 and I 49 (s ru b lan d ) and M.2 3  and 24 (g ra ss la n d )  

None was found in  any montane specim en. These b u ttons
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o lo s e iy  re sem b led  th o s e  o c c u r r in g  i n  d o g s , d e s c r ib e d  and 

i l l u s t r a t e d  by L indsay  & C h a ik o ff  ( I 9 6 3 ) ,  i n  w hich r e d u p l i 

c a t io n  o f  th e  i n t e r n a l  e l a s t i c  lam in a  o c c u rs  and an  i r r e g u l a r ,  

i n i t i a l l y  v e r t i c a l ,  p r o l i f e r a t i o n  o f  f i b r o b l a s t s  d e v e lo p s  

to w ard s  a  la y e re d  eurrangem ent o f  c o l la g e n  and f i n e  e l a s t i c  

f i b r e s ,  w hich f i n a l l y  seem to  r e p la c e  m ost o f  th e  ground 

s u b s ta n c e  ( P l a t e s  LX%f, LXXIIand LXXIIJ pp 4^3 — )•

In  o th e r  c a s e s ,  l a r g e  p la q u e s  and b u t to n s  c o n ta in e d , 

a p p a r e n t ly ,  l i p i d  g lo b u le s  w i th in  l a r g e  p r o l i f e r a t i n g  c e l l s ,  

p o s s ib ly  m acrophages o r  f i b r o b la s t s o  In  P l a te  LXXX (p . 5 ‘l5' ) 

a  f ro z e n  s e c t i o n  o f  one o f  s e v e r a l  in t im a i  l e s io n s  found 

in  p o r t io n  I  o f  th e  a o r t a  o f  specim en  M.120 i s  i l l u s t r a t e d .

The in tim a  i s  g r e a t l y  th ic k e n e d  and c o n ta in s  num erous and

f i b r o b l a s t s ,  c o n ta in in g  l i p i d  g lo b u le s  s u r ro u n d in g  an  o v a l 

a r e a .  In  t h i s ,  b o th  h y a l in e  and g r a n u la r  m a te r ia l  a s  w e ll 

a s  an e a r ly  c a l c i f i c  d e p o s i t  may be s e e n . A s i m i l a r  l e s io n  

was d e s c r ib e d  by G eer & G u id ry ( 1 965 )* The i n t e r n a l  e l a s t i c

la m e l la  has been  c o m p le te ly  d i s r u p te d .  The p a r t  o f  th e

l e s i o n  a d ja c e n t  to  th e  a o r t i c  lumen c o n ta in s  re d  b lo o d  

c o r p u s c le s ,  o f  which some have been  in g e s te d  by m acrophages, 

and some o r g a n i s a t io n  o f  c e l l s  re s e m b lin g  c a p i l l a r i e s  o r 

s in u s o id s  h a s  o c c u rre d  in  t h i s  a r e a .  T h is  l e s io n  b e a rs
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a c lo s e  re sem b lan c e  to  O g i l v i e 's  d e s c r i p t i o n  o f  th e  t y p i c a l  

h aem o rrh ag ic  p la q u e  o f  human atherom aj^46% )

T h is  t i s s u e  wets su b m itte d  f o r  e x am in a tio n  f o r  th e  p re s e n c e  

o f  p a r a s i t e s  to  Dr.* M*J. C la rk s o n , L iv e rp o o l S choo l o f  T ro p i

c a l  M ed ic in e , and P r o f e s s o r s  Garnham and JNelson o f  th e  London 

S choo l o f  T ro p ic a l  M edicine and H yg iene , In  each  c a s e , 

th e s e  w o rk ers  s t a t e d  t h a t  no p a r a s i t i c  o rgan ism  co u ld  be 

d e te c te d  w i th in  th e  lesion^l'^^ '7  )(|467)

In te rm e d ia te  i n  ty p e  betw een  th e  h aem o rrh ag ic  p la q u e  

d e s c r ib e d  above and th e  e a r l y  f i b r o u s  b u t to n s ,  w ere num erous 

c a s e s  w here th e  in t im a  c o n ta in e d  s u d a n o p h i l ic  l i p i d  d e p o s i t s  

acoompeuiied by v a r io u s  d e g re e s  o f  in t im a i  th ic k e n in g ,  d i s 

r u p t io n  o f  th e  I .E .L .  and p r o l i f e r a t i o n  o f  sm ooth m uscle  

c e l l s  and f i b r o b l a s t s .  Exam ples o f  th e s e  a r e  i l l u s t r a t e d  

i n  P l a te s  LXXVf, LXXVIII and L3CXIX, pp 5 o S , 5 o c j , s i i  •

0 . M uscu lar A r te r i e s

i )  C oronary  a r t e r i e s

In t im a i  l i p i d  d e p o s i t s  e x tra n e o u s  to  th e  norm al s i t e s  

o c c u rre d  i n  th e  fo l lo w in g  g r a s s la n d  e le p h a n ts  M .22, 23 , 8 8 ,

8 4 , 93) 2 1 , 18 and 8 6 . In  some o f  t h e s e ,  th e  l i p i d -  

c o n ta in in g  p la q u e s  a p p e a re d  to  be  lo n g , r a i s e d  bands up 

to  5 cm X 1 cm in  s i z e ,  o r  o v a l a r e a s  o f  up to  lo 5  cm
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maximum d ia m eter . S im ila r  p laq u es a ls o  occurred in  

specim ens M .112, 149, 150 , 118, 131 , 127 , 108, 117 , 121, 122 

and 107# These were p a r t ic u la r ly  prom inent in  specim ens  

N# 131, 127 , 121, 122 , and 107 (P la te  LXVII),

C a lc i f i c  d e p o s its  oocu ired  in  th e  coronary a r t e r ie s  V isu a l

ly  con fin ed  to  th e  neighbourhood o f  t h e ir  o r ig in  in  th e  

a o r t ic  s in u s e s ) in  specim ens 14,16, 2 1 , 2 2 , 24 , and 93 (g r a s s 

la n d ) emd 149 (s c r u b la n d )(P la te  LXXVI),

i i )  I l i a c  and fem oral a r t e r ie s  

In a few oases o f  e x c e s s iv e  in t im a i l ip id  d e p o s it io n  and 

th ic k e n in g , th e  lum ina o f  branch o s t i a  have been p a r t i a l l y  

occlud ed  (£ •£#  specim ens M#122, 131, 149 , scru b la n d ) and in  

th e  ca se  o f  11,122 t h i s  a f f e c te d  th e  lumen o f  th e  e n t ir e  r ig h t  

common i l i a c ,  e x te r n a l i l i a c ,  and fem oral a r te r y  and was 

accompanied by both in t im a i and m edial c a l c i f i c a t i o n .

The f o o t  o f  t h i s  lim b was sw o lle n , th e  s o l e  u n u su a lly  

s o f t ,  and th e  v e in s  o f  th e  low er lim b were v a r ic o s e ,  but 

n e c r o t ic  a rea s  were n o t m a cr o sc o p ic a lly  ev id en t a t  au top sy , 

nor was any ante-m ortem  thrombus found in  th e  a r t e r ie s  o f  

t h i s  lim b . I t  i s  im p o ss ib le  to  o v er lo o k  .th e ,im p lic a t io n  

th a t  th e  marked o c c lu s io n  o f  th e  main a r t e r ie s  o f  t h i s  

lim b , due to  combined l ip i d  and Calcium d e p o s it io n  w ith
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in t im a i  th ic k e n in g ,  had p o s s ib ly  p re c e d e d  th e  s w e l l in g  o f  

th e  f o o t  and th e  v a r i c o s i t y  o f  th e  v e in s ,  o r  th e  s i m i l a r i t y  

o f  th e  c o n d i t io n  to  c a s e s  o f  a r t e r i a l  o c c lu s io n  i n  Man 

in v o lv in g  th e  lo w er l im b s .

T h is  p a r t i c u l a r  e le p h a n t  was a  v e ry  e l d e r l y  an im al an d , 

a lth o u g h  i t  o c cu p ied  th e  p o s i t i o n  o f  s e n i o r i t y  i n  i t s  h e rd , 

i t  had been  o b se rv ed  p r i o r  to  i t s  c o l l e c t i o n  f o r  s tu d y  to  

show t y p i c a l  s ig n s  o f  o ld  ag e  -  a  *f l a t - f o o t e d *  g a i t ,  

te n d e n c y  to  •slump* when r e l a x e d ,  and a  *gaun t*  a p p e a ra n c e . 

A lthough  s p e c i f i c  lam en ess  had n o t  been  n o te d , i t  i s  

p o s s ib l e  t h a t  t h i s  co u ld  have  been  o v e rlo o k e d  owing to  

c row ding  by th e  o th e r  members o f  th e  h e rd  and th e  p re s e n c e  

o f  lo n g  g r a s s  and h ig h  b u sh e s .

i i i  ) P a ir e d  d o r s a l  b ra n c h e s  o f  th e  a o r t a

In  s e v e r a l  sp e c im en s , in  g r a s s la n d  e le p h a n ts ,  ex trem e 

o c c lu s io n  o f  th e  o s t i a  o f  some o f  th e  d o r s a l  b ra n c h e s  o f  th e  

a o r t a  o c c u r re d ,  due to  th e  p re s e n c e  o f  m ed ia l and in t im a i  

C alcium  d e p o s i t s  ( P l a t e s  UCVIH LTO LXXIV., p p 4 ^ ,4 .4 5 ',S 'c |)  

and i n  M*93, l 8 ,  21 , 24 and 86 th e r e  was p a r t i a l  o c c lu s io n  

o f  th e  common i l i a c  and p o s t e r i o r  m e s e n te r ic  a r t e r i e s .

I n  no c a se  was s i g n i f i c a n t  o c c lu s io n  o f  r e n a l  a r t e r i e s ,  

o r  r e n a l  i n f a r c t i o n ,  n o te d , a lth o u g h  e a r l y  m ed ia l c a l c i f i c a t i o n
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was found  i n  th e  r e n a l ,  a n t e r i o r  m e s e n te r ic  and c o e l ia c  

a r t e r i e s  o f  spec im ens M088 , 9 3 , 21 and 18 .

Extrem e o c c lu s io n  o f  th e  d o r s a l  b ra n c h e s  o f  th e  a o r ta e  

o f  e le p h a n ts  m ust be supposed  to  c au se  some a n o x ia  o f  th e  

i n t e r c o s t a l  and lum bar m u sc u la tu re  and th e  s k in  o f  th e  

dorsum , and i t  was v e ry  n o t ic e a b le  a t  a u to p s y  t h a t  th e  

d o r s a l  s k in  i n  su ch  a n im a ls  was c o n s / i s t e n t l y  found  a t - a u to p sy  

to  be u n u s u a l ly  d ry  emd c a l lo u s e d ,  w h ile  th e  f l a n k s  and 

dorsum  had a  'w asted *  appearance*  

i v )  B r a c h ia l  a r t e r i e s

The b r a c h i a l  a r t e r i e s  r a r e l y  c o n ta in e d  any C alcium  

d e p o s i t s ,  a l th o u g h  e x tra n e o u s  in t im a i  l i p i d  was f r e q u e n t ly  

n o te d .  The fo re l im b s  o f  e le p h a n t  a r e  e x tre m e ly  m o b ile  and 

a r e  c o n s ta n t ly  i n  u se  f o r  d ig g in g ,  p u s h in g , and o c c a s io n a l ly  

( th o u g h  much l e s s  commonly th a n  i n  th e  In d ia n  e le p h a n t)  f o r  

b re a k in g  t im b e r ,  and one su p p o ses  t h a t  any s i g n i f i c a n t  

o c c a s io n  o f  th e  b r a c h ia l  a r t e r i e s  would r e s u l t  i n  th e  v e ry  

r a p id  i n c a p a c i t a t i o n  o f  an  e le p h a n t ,  

v )  C a ro tid  a r t e r i e s

The c a r o t id  a r t e r i e s  in  num erous c a se s  w ere found  to  

c o n ta in  e x tra n e o u s  l i p i d  d e p o s i t s ,  e s p e c i a l l y  i n  th e  r e g io n  

o f  th e  b i f u r c a t io n ,a n d  in  s e v e r a l  c a s e s  f a i r l y  e x te n s iv e
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calcification. Another feature noticed to be associated 

in every case with the advanced cases of aortic calcifica

tion examined at autopsy, was a distinct "drooping* of the 

head from the shoulders. No healthy elephant of any age 

group was seen to adopt a similar posture, but a number of 

live elephants were seen and photographed in both grassland 

and scrubland, which adopted this posture constantly, were 

emaciated and moved laboriously and stiffly (Plates LXXXWfe); 

and ^ X C  pp -

One supposes that the posture may result from insuffi

ciency of the blood supply to the flanks, dorsum and neck, 

due to occlusion of the relevant branches of the aorta. 

Intercostal insufficiency could possibly affect the general 

health and mobility of elephant acutely, due to the fact that 

the pleura is adherent to the chest wall and therefore 

dependent on its muscular action for both successful 

expiration and inspiration.

Cardiovascular Abnormalities and the Environment 

As shown quantitatively (Appendix 4, P# )

there is a definite correlation between the occurrence of 

cardiovascular abnormality in the African elephant and the 

environment. Both of the more important types of abnormality
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fo u n d , nam ely (1 )  th e  o c c u rre n c e  o f  e x tra n e o u s  in t im a i  

l i p i d  d e p o s i t s  w ith  p r o l i f e r a t i o n  o f  in t im a i  c e l l s ,  d i s 

r u p t io n  o f  th e  i n t e r n a l  e l a s t i c  l a m e l l a ,  and * o c c a s io n a l  

in t im a i  c a l c i f i c  d e p o s i t i o n ,  and ( i i )  th e  o c c u rre n c e  o f  

e x te n s iv e  m ed ia l c a l c i f i c a t i o n  o f  th e  a o r t a  and m u scu la r 

a r t e r i e s ,  a r e  found  to  be a s s o c ia te d  w ith  s t r e s s e d  o r  

d e g e n e ra te  h a b i t a t s ,  th e . r e c o g n is a b le  s t r e s s e s  c o n s i s t in g  

o f  I

i )  p ro lo n g e d  e x p o su re  to  u n m it ig a te d  s u n l i g h t ;  

i i ) o v e r -p o p u la t io n ;

i i i )  a  r e s t r i c t e d  d i e t ;  

i y )  . f r u s t r a t i o n  o f  th e  m ig ra to ry  h a b i t  a s s o c ia te d  w ith  

a ,b reak d o w n  o f  e n v iro n m e n ta l c o n d i t io n s  s u i t e d  to  

th e  b i r t h  and n u r tu r e  o f  young c a lv e s ,  and w ith  

boredom and la c k  o f  e x e r c i s e  f o r  th e  a d u l t s .

I n  th e  * c o n t r o l ’ o r  ’n a t u r a l ’ h a b i t a t  ty p e  s tu d ie d ,  

ex trem es o f  te m p e ra tu re  and a l t i t u d e ,  and i r r e g u l a r  h u n tin g  

d id  n o t a p p e a r  to  a c t  a s  ’ s t r e s s e s ’ f o r  w ild  e le p h a n t  a t  a l l ,  

and on th e  c o n tr a r y  a p p e a r  to  s e rv e  as b e n e f i c i a l  s t i m u l i i  

d a ta  have n o t  been  a v a i l a b l e  to  s e e  w h e th er th e s e  f a c t o r s  

would s t i l l  a c t  a s  b e n e f i c i a l  s t i m u l i  i f  th e  env ironm en t 

w ere p la c e d  u n d e r o th e r  s t r e s s e s  c a u s in g  d e g e n e ra t io n  o f th e  

f o r e s t  a n d /c r  s e v e r e ly  r e s t r i c t i n g  th e  m ig ra t io n  o f  th e  e le p h a n ts
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The d e g re e  o f  d e g e n e ra t io n  o f  th e  h a b i t a t  seem s to  b e a r  

a d i r e c t  r e l a t i o n s h i p  to  th e  o n s e t  and e x te n t  o f  th e  o c c u r

re n c e  o f  a r t e r i a l  d i s e a s e  i n  e le p h a n t .  The Uganda g r a s s 

la n d s  a r e  a t  p r e s e n t  i n  a v e ry  advanced  s t a t e  o f  d e g e n e ra t io n ,  

and c a l c i f i c  d e p o s i t s  i n  th e  a o r t a  seem to  o c c u r  i n  a l l  th e  

a d u l t  e le p h a n ts  i n  th o s e  p o p u la tio n s #

In  th e  s c ru b la n d  a r e a s ,  t h e r e  i s  an i n d i c a t i o n  i n  th e  

m a te r i a l  exam ined in  t h i s  p r o j e c t  ( a l th o u g h  th e  sam ple  i s  

in a d e q u a te  f o r  s t a t i s t i c a l  c o n f i rm a t io n )  t h a t  i t  i s  th e  young 

and p rim e a d u l t  age  g ro u p s  i n  th e  m ale e le p h a n ts ,  and a l l  

age g ro u p s i n  th e  f e m a le s ,  t h a t  a r e  m o s t. s e v e r e ly  a f f e c te d  

by a o r t i c  C alcium  d e p o s i t io n  -  i . e .  a l l  n u r s in g  cows and 

th o s e  a n im a ls  b o rn  and r e a r e d  in  and around  th e  Tsavo N a tio n a l 

P a rk  and i t s  e n v iro n s  s in c e  th e  o b se rv ed  o n s e t  o f  v e g e ta t io n -  

a l  d e g e n e ra t io n  i n  th e  a r e a  and th e  s im u lta n e o u s  r a p id  

advance  o f  human encroachm en t on th e  d ry - s e a s o n  f o r e s t  

r e f u g e s .  T h is  r e p r e s e n t s  a  p e r io d  o f  a b o u t 25 y e a r s .

Of a l l  th e  e le p h a n ts  s tu d i e d ,  how ever, i t  i s  th e  e le p h a n ts  

o f  t h i s  en v iro n m en t w hich  g e n e r a l l y  show th e  m ost e x te n s iv e  

o c c u rre n c e  o f  s i g n i f i c a n t ,  t r u l y  a th e ro m a - l ik e  l e s io n s  o f  

th e  a r t e r i a l  in t im a .
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PU TE L II

S tandso rd lsed  sam p les o f  a o r t a e t
M- :

( a )  L .S . a o r t a ,  p o r t io n  l / d o r s a l  l i n e .   ̂

Specim en M . l l ) .  V e rh o e ff  & van  G ieson  % 

s t a i n .  X 100 .

(b )  L .S . a o r t a ,  p o r t io n  l / v e n t r a l  l i n e .  

Specim en M . l l ) .  V. & v .G . s t a i n ,  x  100.

In  th e s e  scunples th e  t u n ic a  in tim a  o f  

p o r t io n  I  i s  s e e n  to  be v e ry  t h i n  in d e e d , 

w hereas th e  tu n ic a  m edia i s  t h i c k  and 

c lo s e ly  la m in a te d  w ith  e l a s t i c  m em branes. 

B ranches o f  th e  V asa vasorum  p e n e t r a t e  th e  

m edia d e e p ly  h e re .
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PLATE LU
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m PLATE U I I

(a )  L .S . a o r ta  p o r tio n  I l l / d o r s a l  l i n e ,  

specim en M .II9 . A g r e a te r  p rop ortion
o f  sm ooth m uscle  and fe w e r e l a s t i c  l a y e r s  

o c cu r h e r e .  A p p a ren t g aps i n  th e  i n t e r n a l  

e l a s t i c  la m e l la  p ro b a b ly  r e p r e s e n t  norm al 

f e n e s t r a t i o n s ,  a s  t h e r e  i s  no s ig n  o f  

d u p l i c a t i o n  h e r e .

V. & v .G . s t a i n ,  x  100 .

(b )  L .S . a o r ta  p o r t io n  I l l / v e n t r a l  l i n e ,  

specim en M .II9 . A lc ia n  b lu e  s t a i n ,  x  100.

- ' - -rr-
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■̂1
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PLATE LIV

(a )  L.S. a o r ta  p o r tio n  IV /d o rsa l l i n e ,  
specimen M .II9 . Here th e  in tim a i s  
th ic k e r  in  p ro p o rtio n  to  th e  media. No 
l ip id  d e p o s its  were d e te c te d  in  th e  t i s s u e  
from which th i s  s e c t io n  was c u t , bu t 
d u p lic a t io n  of th e  I .E .L . has occurred  and 
may, w ith  th e  th ic k en in g  of th e  in tim a , 
re p re s e n t e a r ly  d eg en e ra tiv e  changes r e s u l t in g  in

•j
I th e  fo rm atio n  of an atherom atous p laq u e .

S c a tte re d  a th e ro m a-lik e  ’b u tto n s ’ were 
^  fo ip d  in  p o r tio n  I  of th e  a o r ta  of th i s

-V specimen (see  P la te  LXXl(c). V. & v .G .s ta in .
X 100.

(b ) L.S. a o r ta  p o r tio n  IV /v e n tra l l i n e ,  specimen I I 9 . 
A lcian  b lue  s t a in .

(c )  L.S. a o r ta  p o r tio n  V /d o rsa l l i n e ,  M.119* This
s e c tio n  in c lu d es  th e  lower s lo p e  of th e  c re s 
c e n t ic ,  o r arched su p p o rtiv e  r id g e  ly in g  in  th e  
d o rsa l l in e  a t  th e  b i fu rc a t io n .  E arly  d u p lic a 
t io n  o f th e  i . e . l .  can be seen . In  th i s  case 
some l ip i d  was d e te c te d  in  th e  deep subendo- 
t h e l i a l  la y e r  of th e  in tim a . This a lso  may 
re p re se n t very  e a r ly  d eg en era tiv e  changes which 
could sub seq u en tly  r e s u l t  in  th e  fo rm ation  of 

an atherom atous p laq u e .
(d ) L.S. a o r ta  p o r tio n  V /v e n tra l lin e ,M .119# Gaps

in  th e  i . e . l .  here p robab ly  re p re s e n t f e n e s t r a 
t io n s .  The in tim a i s  n o t th ick en ed . The media 
here c o n s is ts  m ainly of la y e rs  of muscle c e l l s  
and co llag en  f ib r e s .
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PLATE LV

hoSm su p p o rtiv e  s t r u c tu r e  of the  ostium  of an 
in te r c o s ta l  a r te ry  o r ig in a t in g  in  th e  th o ra c ic  
a o r ta  of an a d u l t  e le p h a n t. The i . e . l .  i s  no t

t  . j
d is ru p te d  or d u p lic a te d . I t  i s  in te r ru p te d  only 
by i t s  normal f e n e s t r a t io n s ;  sm all l i p i d  d e p o s its  
occur in  th e  s u p e r f ic ia l  su b e n d o th e lia l la y e rs  of 
th e  in tim a of th e  s lo p e  of th e  ’ramp’ .t
Another comparable d e p o s it of l ip id  (n o t seen 
in  th i s  photograph) a lso  occurred  in  th i s  s e c tio n  
in  th e  apex of the  o s t i a l  d e p re ss io n .
Sudan IV and haem atoxylin . x 50. IT; *

%
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PUTE LVI

L ■■if
.C-!̂

Normal a o r ta  o f e ld e r ly  male e lephan ts 
Note in c re a s in g  th ic k n e ss  of in tim a and of 
r a t i o  o f in tim a  to  media towards th e  p o s te r io r
end of th e  a o r ta /P iûî eô LV| <3uni LVli^

(a )  L*S. p o r tio n  l /d o r s a l  l in e , 
V. & v.G . s t a i n .  % 50.

(b )  L .S. p o r t io n ! /  v e n tra l  l i n e .  
V. & v.Go s t a in .  % 50.

■f"t? .

m

. .".Î5
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PIATE LVI I

Normal a o r ta  o f e ld e r ly  male e lep h an t (se e  Pl.LVI .)

(a )  L*8. p o r t io n  I l l / d o r s a l  l i n e .
V. & v.G . s t a i n ,  x 50 

(h ) U S . p o r t io n  I l l / v e n t r a l  l in e s  
V. & v .G . s t a i n .  ' x 50

(c )  L.S. p o r t io n  IV /d o rsa l l i n e .
V. & v.G . s t a i n ,  x 50

(d )  U S . p o r t io n  IV /v e n tra l l i n e .
V. & v.G . s t a i n ,  x 50

(e )  U S . p o r t io n  V /d o rsa l l i n e .
. V. & v.G . s t a i n ,  x 50 

( f  ) U S . p o r t io n  V/ve n t r a i  l i n e .
V. & v.G . s t a i n ,  x 50 

(g )  Area of (e )  above x 100, showing
th e  normal r e in fo rc in g  f ib r e s  o f th e  
deep su b e n d o th e lia l  leiyers o f th e  
in tim a  in  th e  d o rs a l  su p p o rtiv e  
arched  r id g e  a t  th e  b i f u r c a t io n .

Note th a t  th e  i . e . l .  here  shows gaps 
re p re s e n tin g  i t s  normal f e n e s t r a t io n ,  
b u t no d u p lic a t io n  and no m in e ra l is a t io n .
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PIATE L V III

J

Normal m u sc u la r  a r t e r i e s ,  a d u l t  b u l l  e le p h a n t

( a )  T .S . C o ronary

(b )  T .S . C a ro t id

( c )  T .S . B ra c h ia l  a r t e r y

(d )  T .S . Fem oral a r t e r y
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PLATE LVIX

Normal a o r ta  o f fem ale elephant,M #135i 
c a l f  (under 6 months o ld , from montane 

h a b i ta t  ty p e )

(a )  1 .8 . p o r t io n  l /d o r s a l  l i n e ,  x 50

(b ) L.S. p o r t io n  l / v e n t r a l  l i n e ,  x 50

(c )  L .S. p o r t io n  I l l / d o r s a l  l i n e ,  x 50

(d ) L.S. p o r t io n  I l l / v e n t r a l  l i n e ,  x 50

.'W_%

raw
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PLATE LX

Normal a o r ta  of fem ale e lep h an t c a l f  
M*13 5 f under 6 months o ld  (from montane 

H ab ita t ty p e )

( a )  L.S. p o r t io n  IV /d o rsa l l in e  • x 50

(b ) L*S* p o r tio n  IV /v e n tra l l i n e .  x 50
(betw een s e p a ra te  o r ig in s  of r e n a l  a r t e r i e s )  
Mote e a r ly  h e a v ily  s ta in in g  d e p o s its  on, 
and m edial to ,  l . e . l .  These d e p o s its  were 
n o t chem ically  i d e n t i f i e d ,  bu t d id  no t 
appear to  be c a l c i f i c .

(o ) L.S. p o r t io n  V/ve n t r a i  l i n e .  x 50

(d ) L.S. p o r t io n  V /d o rsa l l i n e .  x 50

m
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PUTE LXI

Normal m uscular a r t e r i e s  of fem ale 
e lep h an t c a l f  M.135  (under 6 months o ld ; 
from montane h a b i ta t  ty p e )

(a )  T .S . common i l i a c  a r te r y .  x 50

(b ) T .S . c a ro t id  a r te r y .  x 50

(o )  (d ) T .S . r i g h t  and l e f t  coronary
a r t e r i e s ,  5 cm from o r ig in s ,  x 50

(e )  T .S . in tra m u ra l coronary  a r te r y ,  x 50

' . m é -

_
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PU T E  LXII

Normal d e p o s i t s  o f  s u d a n o p h i l i c  l i p i d  ( s )  i n  t h e  

i n t i m a  o f  t h e  e x t r a m u r a l  c o ro n a ry  a r t e r i e s  o f  a  

y e a r l i n g  e l e p h a n t  c a l f .  I n  e a c h  c a s e  t h e  d e p o s i t  

i s  a s s o c i a t e d  e i t h e r  w i th  an  o s t iu m  o r  w i th  a  b i f u r c a t i o n .

(Sudan  IV & haemalum s t a i n s )

( a )  I n t i m a i  l i p i d  d e p o s i t s  d i s t a l  t o  a  m in o r  b i f u r c a t i o n .

X 50.

( b )  ToS. o s t iu m  o f  a  b ra n c h  a r t e r y i  i n t i m a i  l i p i d  d e p o s i t s

a r e  s e e n  i )  i n  t h e  s i d e  o f  th e  o s t i a l  d e p r e s s i o n ;

i i )  i n  t h e  s l o p e  o f  t h e  c o l l a r ,  l a t e r a l  t o  t h e  o s t iu m .  

Note t h e  a p p a r e n t  d i s r u p t i o n  o f  t h e  i . e . l .  T h is  

seem s n o t  t o  be  a  p a t h o l o g i c a l  d i s r u p t i o n ,  b u t  

a c t u a l l y  a  n o rm al a r ra n g e m e n t  f r e q u e n t l y  n o te d  by 

t h e  a u th o r  a t  t h e  p o i n t  o f  r e - o r i e n t a t i o n  o f  t h e  

l o n g i t u d i n a l  a x i s  o f  t h e  sm ooth  m u sc le  c e l l s  and 

e l a s t i c  f i b r e s ,  t o  form  a  m u s c u l o - e l a s t i c  c o l l a r  

a ro u n d  th e  d i s t a l  edge o f  t h e  o s t iu m  (B ) .  x  1 0 0 .

( c )  L.S* c o ro n a ry  a r t e r y :  a  s i m i l a r  a r ra n g e m e n t  to

t h a t  d e s c r i b e d  i n  ( b )  a b o v e ,  b u t  s i t u a t e d  d i s t a l

t o  a  c o ro n a r y  b i f u r c a t i o n .  x  100 .
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PLATE LX III

( a )  P a ten t d u ctu s a r te r io s u s  in  y e a r l in g  

e le p h a n t c a l f ,  M.114# A p a te n t d u c t . a r t . 

was a ls o  noted  in  an A s ia t i c  e le p h a n t c a l f  

examined by P in la y so n  ( I 9 6 5 ) .  V. & v . G . s t a i n ,  x  50

(b )  T .S . normal c a r o t id  a r te r y ,  specim en M.103*

V. & v .G .  s t a i n ,  x  100

( c )  L .S . o s t iu m  i n  norm al r e n a l  a r t e r y .

Specim en M.8 3 . Sudan IV and haemalum; f r o z e n

s e c t i o n .

No l i p i d  was s e e n  w i t h i n  th e  o s t iu m ,  b u t  a  

s m a l l  d e p o s i t  was s e e n  i n  th e  i n t i m a  o f  t h e  

o s t i a l  ramp (beyond t h e  l i m i t  o f  t h e  p h o to 

g r a p h ) .
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PU T E  LXIV

I n t e r n a l  s u r f a c e  o f  norm al e l e p h a n t  a o r t a e .

( a )  Specim en M.133 (m o n tan e ,  j u v e n i l e ) ,

p o r t i o n  I  ( d o r s a l  o s t i a ) .  F ix e d ,  h u t  u n s t a i n e d .

( b )  Specim en M.133 (m o n ta n e ,  j u v e n i l e ) ,  p o r t i o n  

I V / d o r s a l  l i n e .  F i x e d ,  b u t  u n s t a i n e d .  O s t i a l  

c o l l a r s  ( 0 )  and ram ps (R ) a r e  c l e a r l y  v i s i b l e  

a l th o u g h  n o t  p ro m in e n t ;  p a r t  o f  t h e  r i d g e s ( O )  

o f  t h e  c o e l i a c  and m e s e n t e r i c  a r t e r i e s  a r e  

a l s o  c l e a r l y  v i s i b l e o

( c )  Specim en M.114 ( s c r u b l a n d ;  c a l f )  p o r t i o n  IV 

w i th  h eavy  s u d a n o p h i l i c  l i p i d  d e p o s i t s  i n  

t h e  i n t i m a  o f  t h e  d o r s a l  o s t i a l  c o l l a r s  and 

ram p s , and t h e  r i d g e s  o f  t h e  c o e l i a c  and 

a n t e r i o r  m e s e n t e r i c  a r t e r i e s .

( d )  S u d a n o p h i l i c  d e p o s i t s  i n  t h e  i n t im a  o f  t h e  

c o l l a r ,  ramp and r i d g e  o f  th e  o r i g i n  o f  t h e  

r i g h t  r e n a l  a r t e r y .  Specim en M.132 ( a d u l t  

m a le ,  m o n ta n e ) .
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I n t e r n a l  s u r f a c e  o f  t h e  a o r t k  o f  e l d e r l y  e l e p h a n t s

( a )  Specim en Mo107 ( p o r t i o n l / d o r s a l ) .

V ery  e l d e r l y  and d e c r e p i t  cow w i th  e x t e n s i v e  

p e a r l y - g r e y  a t h e r o m a - l i k e  p l a q u e s  th r o u g h o u t  

t h e  a o r t a ,  and c o n t a i n i n g  i r r e g u l a r  i n t i m a i  

d e p o s i t s  o f  l i p i d  e x t r a n e o u s  t o  t h e  no rm al 

s i t e s .  Note v e ry  r e d u c e d  lu m in a  o f  t h e  

p a i r e d  d o r s a l  brem ch a r t e r i e s .  ( S c r u b la n d  h a b i t a t )

A*. •
( b )  Specim en M.117 ( p o r t i o n  l / d o r s a l ) .

^  No a b n o r m a l i t y  o f  t h e  a o r t a  o f  t h i s  e l e p h a n t
'-V—̂ A-’’' ’■ M  ̂' :

was d e t e c t e d .  T ra c e s  o f  s u d a n o p h i l i c  l i p i d  

can  be d e t e c t e d  w i t h i n  t h e  o s t i a l  c o l l a r s .  

The lu m in a  o f  t h e  o s t i a  a r e  a p p a r e n t l y  

q u i t e  n o rm a l .  (S c ru b la n d  h a b i t a t )  .
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PLATE LXVI

E a r l y  c a l c i f i c  d e p o s i t s  i n  t h e  a o r t a  w a l l .

(a} “ Very e a r l y  m e d ia l  C a lc ium  d e p o s i t i o n .

M .I3I  ( a d u l t ,  s c r u b l a n d ) ,  p o r t i o n  I l l / d o r s a l .  

F r e q u e n t l y  a  d e p r e s s i o n  o f  t h e  i n t i m a  o c c u r s  

o v e r  e a c h  f o c u s  o f  c a l c i f i c a t i o n ,  so  t h a t  

some o f  t h e s e  a r e a s  a r e  r e a d i l y  d e t e c t a b l e  

m a c r o s c o p ic a l l y  w i th  t h e  naked e y e .  

R a d io g ra p h y ,  ho w ever ,  r e v e a l e d  a d d i t io n a l  

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

l a y e r s  o f  t h e  m ed ia .  I t  was n o t  p o s s i b l e  

t o  d i f f e r e n t i a t e  m a c r o s c o p ic a l l y  b e tw een  

c a l c i f i c  d e p o s i t s  o f  t h e  i n t i m a  and t h e  m edia.

( b )  As a b o v e ;  sp e c im en  13 I ,  p o r t i o n  I I I  ( d o r s a l  

and l a t e r a l  l i n e s ) ,  i n c l u d i n g  p a r t  o f  th e  

s u p p o r t i v e  r i d g e  (G) o f  t h e  o r i g i n  o f  t h e  

c o e l i a c  a r t e r y .
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PLATE LXVI I

I n t e r n a l  s u r f a c e t  co ronary  and b r a c h ia l  a r t e r i e s
of e le p h a n ts  I -

( a )  M.149 ( a d u l t  male, s c ru b la n d ) ;  a th e ro m a - l ik e
l i p i d  p laque  (P).(hrY6naLf  ̂ eu+crjl

(b )  M.I3 I  ( a d u l t  l a c t a t i n g  fem ale , s c ru b la n d ) ;
heavy s u d a n o p h il ic  l i p i d  d e p o s i t s  w ith in  th e

o s t i a l  c o l l a r s  and ramps.(û>»^o^ar^

( c )  M.122 ( e l d e r l y ,  l a c t a t i n g  fem a le , s c ru b la n d ) ;

s u d a n o p h il ic  d e p o s i t s  (S) ex ten d in g  in to  th e  
in t im a  beyond th e  l i m i t s  o f  th e  o s t i a l  
c o l l a r s  and ramps <a.rh?r^^

(d )  M.117 ( e l d e r l y  b u l l ,  s c ru b la n d ) ;  in t im a i  
su d a n o p h il ic  l i p i d  d e p o s i t s  on th e  su p p o r t iv e  
r id g e s  (G) a t  th e  o r i f i c e  o f a branch o f th e  

b r a c h i a l  a r t e r y .
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PUTE LXVIII

Heavy m edial c a l c i f i c a t i o n  o f  th e  a o r t a  i n  g ra s s la n d  

e le p h a n ts ;  i n t e r n a l  s u r f a c e  o f a o r t a .

( a )  M.2I, p o r t i o n  I l / d o r s a l  l i n e .
Ô  E a r ly  c a l c i f i c  d e p o s i t s .
à

(b )  M.I8 , p o r t i o n  V /d o rsa l  l i n e .
Heavy m edial c a l c i f i c  d i s c s  and p l a t e s  occur so 

c lo s e ly  packed t h a t  th e  a o r t i c  w a ll  resem bles  
a r i g i d  p ip e ,  w ith  a c u te l y  c o n s t r i c t e d  lumen, 
and o s t i a  o f  th e  s m a l le r  branch  a r t e r i e s  

t o t a l l y  occ luded .
S u d an o p h ilic  l i p i d  d e p o s i t s  i n  th e s e  specimens 

^  _ were n e g l i g i b l e .

. -tL--

m

‘.S
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PU TE LXIX

I n t e r n a l  s u r f a c e  o f  e l e p h a n t  a o r t a e ;

( a )  M#88 ( a d u l t  l a c t a t i n g  f e m a le ) .  P e a r l y - w h i t e  p la q u e s  

i n  th e  d o r s a l / r i g h t  l a t e r a l  l i n e s  o f  p o r t i o n  I I I .

A l o n g i t u d i n a l  an te -m o rtem  s p l i t  i n  t h e  in t im a  

w i th  r e p a r a t i v e  p r o l i f e r a t i o n  o f  t h e  en d o th e liu m  

s u g g e s t s  a  t r a u m a t i c  o c c u r re n c e /* ^  T h is  e le p h a n t  

( g r a s s l a n d  h a b i t a t )  a l s o  had a  g r o s s l y  e n la rg e d  

l i v e r  (6 §  k g )  and s p l e e n  (20  k g ) .  The l i v e r  c o n ta in e d  

1 .1 7  k g .  o f  l a r g e  b i l e  s t o n e s  ( s e e  c h . l 2 , p  5% ^

T h is  cow had a  v e ry  young c a l f  ( n o t  h e r  f i r s t )  a t  f o o t .

( F i e l d  p h o to g ra p h  o f  f r e s h ,  u n s t a in e d  a o r t a ) .

( b )  Specim en M.131 ( a d u l t  l a c t a t i n g  f e m a le ,  s c r u b l a n d ) .

A l o n g i t u d i n a l ,  l i n e a r  a r ra n g e m e n t  of. m e d ia l  c a l c i f i c  

d i s c s  i n  p o r t i o n  I l l / v e n t r a l  l i n e ,  a s s o c i a t e d  w i th  

l i p i d  d e p o s i t s ,  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  p r e s s u r e  

e x e r t e d  on t h i s  p o r t i o n  o f  t h e  a o r t a  m ig h t r e s u l t  i n  

i n j u r y  t o  t h e  a o r t i c  w a l l .  P e rh ap s  s t r e t c h i n g  o f  

t h e  c o e l i a c  o r  a n t e r i o r  m e s e n te r i c  a r t e r i e s  a s s o c i a t e d  

w i th  p re g n a n c y ;  o r ,  i n  t h e  c a s e  o f  M.88 (ab o v e )  w i th  

an  a b n o rm a lly  e n la rg e d  l i v e r ;  o r  even p r e s s u r e  cau sed  

d i r e c t l y  o r  i n d i r e c t l y  by an  abnorm al e n la rg e m e n t  o f  

t h e  abdom inal v i s c e r a ,  m ig h t c au se  l o c a l i s e d  i n j u r y  

o f  t h i s  n a t u r e  to  t h e  a o r t i c  w a l l .

( c )  A th e ro m a - l ik e  p la q u e s  c o n t a i n i n g  heavy  i n t i m a i  su d a n o -  
p h i l i o  l i p i d  d e p o s i t s  e x t r a n e o u s  to  t h e  norm al s i t e s  
i n  a d u l t  m ale e l e p h a n t  M.149 ( s c r u b l a n d ) .

( d )  As above; a th e r o m a - l i k e  p la q u e  o v e r l y i n g  m ed ia l  
c a l c i f i c  d e p o s i t s .
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PLATE LXX

F ie ld  photographs of the  i n t e r n a l  s u r fa c e  of th e  f r e s h  
a o r ta e o f  specimens M.107 and M.122 ( e ld e r ly  cow tlephan ts , 
s c ru b la n d ) ;  showing ex ten s iv e  p ea r ly -w h ite  a th e ro m a-lik e  
p laques ( p ) .  Subsequent t re a tm en t w ith Sudan IV s t a i n  
rev ea led  ex ten s iv e  in t im a i  l i p i d o s i s  and lo c a l i s e d  in t im a i  
c a l c i f i c a t i o n  (see  P la te  LXV, p . 4 8 2 ) .
(a )  P o r t io n  I* p ea r ly -w h ite  a th e ro m a-lik e  p laques ly in g  

d ia g o n a l ly  from th e  d i r e c t i o n  of the  d u c t . a r t . , ac ro ss  
th e  r i g h t  l a t e r a l  l i n e  and in to  the  d o r s a l  l i n e ,  to  
con tinue  p o s t e r i o r l y  along th e  d o r s a l  line .(M .107)*

(b) P o r t io n  I I I ;  p e a r ly  a th e ro m a-lik e  in t im a i  plaques 
and an aneurysm in  th e  v e n t r a l  l i n e  between th e  
o r ig in  of th e  c o e l ia c  and a n t e r io r  m esen te ric  
a r t e r i e s  (a ) Lumina of o s t i a  very  c o n s tr ic te d .(M .1 0 7 ) .

(c )  P o r t io n  V i(b i fu r c a t io n )  showing th e  c r e s c e n t ic  
c a l c i f i c  rod ly in g  along th e  d o rs a l  arched su p p o rtiv e  
r id g e .  A few sm all c a l c i f i c  d e p o s i ts  a re  seen a t  
th e  o r i f i c e s  of th e  i l i a c  a r t e r i e s .  (M.107)

(d) P o r t io n  V of th e  a o r ta  (and l e f t  common i l i a c  a r t e r y )  
of M.122, showing ex ten s iv e  p ea r ly -w h ite  atheromatous 
p laques a s s o c ia te d  w ith  both  in t im a i  and medial 
c a l c i f i c  d e p o s i ts  and some u lc e r a t io n  (U). The 
p laques (p) a ls o  extend in to  th e  i l i a c  a r t e r i e s .
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PLATE LXXI

( a )  F ie ld  pho tograph  o f th e  i n t e r n a l  s u r f a c e  o f 
P o r t io n s  I l / l I I  o f  th e  a o r t a  of M*93i a 

g ra s s la n d  e le p h a n t ,  showing th e  m acroscopic 
appearance  o f  heavy c a l c i f i c a t i o n  (u n s ta in e d ,  

u n f ix e d ) .
(b )  A therom a-like  haem orrhagic  p laq u es  in  th e  

a o r t i c  a rc h  of e le p h a n t  M.120 ( s c ru b la n d ) .

The a p p a re n t  l a r g e  s i z e  i s  a c t u a l l y  ap p ro x im ate ly
in tUf' r n ig k h  s c ^ r

e q u i v a l e n t ^ t o  a  s i m i l a r  t y p e  o f  p l a q u e ^ i n  a  

human a o r t a .

( c )  L.S. in t im a i  •b u t to n * in  p o r t io n  I  o f th e  a o r t a  

o f specimen Mo119 ( s c r u b la n d ) .  I t  i s  devoid 
of s u d a n o p h i l ic  l i p i d  d e p o s i t s  b u t  show6. 
f ib r o u s  h y p e rp la s ia  and d i s r u p t i o n  of th e  i . e . l .  

( S ta in  P .A .S .)  x 50.

( d )  P o r t i o n  I I I  o f  a o r t a  of sp e c im en  M.93 ( s e e  ^  a b o v e )  

sh o w in g  c a l c i f i c  p l a t e s  l y i n g  a lo n g  t h e  m e d ia l  

s i d e  o f  t h e  i . e . l .  ( d e c a l c i f i e d  L . S . ,  V. & v .G .  

s t a i n )  X 50 .
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U--
(a) - (b) Bnlso^gement (continuous photograph) 

of an aortic 'button*,similar to 
that shown in Plate LXXI(c), p.494, 
in portion I of the aorta of specimen 
M.149 (scrubland).
Disruption of the i.e.l. and fibrous 
hyperplasia characterise the lesion, 
which is devoid of sudanophilic lipid 
deposits (frozen L.S.; Sudan I? and 

 ̂ haematoxylin) i 100.
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PU T E  LXXIII

( a )  ^1^8# f ib ro u s  ’b u t to n s ’ in  p o r t io n  I  o f  th e  a o r t a

(b )  o f  specimens M*23 and M.2 4  ( g r a s s l a n d ) .

(Sudan IV and haemalum) i  $0.

( c )  L .S. a o r t a ,  p o r t io n  I I I ,  o f  M.IOS (sc ru b lan d )*
A f r e s h  l e s io n  (L) p o s s ib ly  caused by an inflam m atory  
ag e n t  in  th e  tu n ic a  media, u n d e r l i e s  a ’p l a t e ’ ( ? )  

o f  e l a s t i c  f i b r e s  la d en  w ith  c a l c i f i c  d e p o s i t s .
The i . e . l .  i t s e l f  i s  h e a v i ly  m in e ra l i s e d .  A lower 
l a y e r  o f  f i b r e s  (M) a l s o  shows e a r ly  m in e r a l i s a t i o n .  

Mo p a r a s i t e s  could  be s p e c i f i c a l l y  i d e n t i f i e d  in  t h i s  

f o c a l  l e s i o n ,  buli i t  i s  n o t  im p o ss ib le  t h a t  th e r e  

may have been some such c a u s a l  a g e n t .

( s t a i n  A lc ian  B lue) z  50*

(d )  A heavy, lam in a ted  c a l c i f i c  d e p o s i t  deep in  th e  
media o f  th e  aort& of specimen M.93 ( g r a s s la n d )

( s t a i n  H*& E*) x 50*
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PUTE LXXY

( a )  L.S* o f th e  a o r t a  o f  specimen K*1 3 1 ,(sc ru b la n d )  
a s e n io r ,  b u t n o t e l d e r l y ,  l a c t a t i n g  cow 

e le p h a n t .  The in tim a  i s  th ick en ed  and 
minute t r a c e s  o f i n t r a c e l l u l a r  l i p i d  can be 

d e te c te d  in  some in d iv id u a l  c e l l s .  The
i . e . l o  i s  i n t a c t  and s i n g l e .  Frozen s e c t io n  10 p .

(Sudan IV & haem atoxy lin , x 400)
(b )  As aboveI

bu t s e c t io n e d  n e a re r  to  th e  edge of th e  same 

th ic k en e d  plaque# in t im a i  s u d a n o p h il ic  l i p i d  
can be d e te c te d  b o th  i n t r a -  and e x t r a - c e l l u 

l a r  l y ,  and th e  i . e . l .  i s  i n t a c t .
' I

(F rozen  s e c t i o n  10 fij Sudan IV & haem atoxy lin )

I  400.
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P U T E  LXXVI

( a )  LoS. t h i c k e n e d  i n t i m a i  p l a q u e  i n  p o r t i o n  I I  

o f  a o r t a  o f  sp e c im en  M.107 ( e l d e r l y  cow 

e l e p h a n t ,  s c r u b l a n d ) .  U n l ik e  t h e  p la q u e s  

o f  t h e  a o r t a  o f  t h e  l a c t a t i n g  cow M.131 

( p l a t e  LXXV), t h e  i n t i m a  i s  h e r e  s e e n  t o  

be  f i b r o u s  and l a m i n a t e d ,  and t h e  i . e . l .  

somewhat d i s r u p t e d  ( F ro z e n  s e c t i o n ,  12 

Sudan IV and h a e m a to x y l in )  x  100

(b )  As above, p o r t io n  Vof th e  a o r t a  of M.107, 

showing in t im a i  c a l c i f i c  d e p o s i t s  (Ca) 
a s s o c ia te d  w ith  l i p i d o s i s  (S) in  th e  su p e r
f i c i a l  l a y e r s  o f  th e  th ick en ed  in t im a ,  

and d i s r u p t i o n  o f  th e  i . e . l .

-  'j .'
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PLATE LXXVII

( a )  T .S . coronary a r te r y  M.107 (sc ru b la n d  e le p h a n t ) ,  

show ing su d a n o p h ilic  l i p i d  d e p o s i t s  in  th e  in tim a  

in  a s i t e  ex tra n eo u s to  "those a s s o c ia t e d  w ith  

su p p o r t iv e  s t r u c t u r e s  known n orm ally  to  c o n ta in  

l i p i d  d e p o s i t s  (Sudan IV and h a em a to x y lin ) x $0 .

(b )  L .S . o f  p o r t io n  IV o f  a o r ta  o f  sp ecim en  M.149 

(sru b la n d  e le p h a n t ) ,  show ing combined l i p i d o s i s  

and m in e r a l is a t io n  in  th e  th ic k e n e d  in t im a , and 

v e r y  e a r ly  m in e r a l is a t io n  o f  th e  u n d e r ly in g  m ed ia l 

e l a s t i o a .  The i . e . l .  seem s to  be d is r u p te d , but 

d oes n o t appear to  be d u p l ic a te d .

( o )  T .S . th ic k e n e d  in tim a  o f  coron ary  a r te r y  o f

sp ec im en  M .149; show ing in t im a i  m in e r a l is a t io n  

(m o d if ie d  h a em a to x y lin  -  m eth y len e  b lu e )  x  100 .

(d )  T .S . th ic k e n d  in tim a  o f  p o r t io n  I l / d o r s a l  l i n e  

o f  a o r ta  o f  sp ecim en  M .149; show ing combined 

l i p i d o s i s  and m in e r a l is a t io n  w ith  d ir u p t io n  o f  

th e  i . e . l .  (Sudan IV and h a em a to x y lin ) x  100 .
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L .S . o f  In tim a i p laq u e in  a o r ta ,  p o r t io n  I I I /  

v e n tr a l  l i n e ,  o f  specim en M.122 (v e r y  e ld e r ly  

cow e le p h a n t , sc r u b la n d ) show ing l i p i d  d e p o s i t s  

. in  th e  deep  s u b e n d o th e lia l  la y e r s  o f  th e  

in tim a  (Sudan IV ) x  100 .
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PLATE LXXIX

( a )  L .S . o f  h y a l in e  i n t i m a i  p la q u e  i n  p o r t i o n  V / 

d o r s a l  l i n e  o f  a o r t a  o f sp e c im en  M.122 

( s c r u b la n d  e l e p h a n t ) .  W idely  s e p a r a t e d  c e l l s ,  

( a p p a r e n t l y  sm ooth  m u sc le )  l y i n g  i n  e x te n s iv e  

am orphous g ro u n d  s u b s ta n c e ,  o v e r l i e  th e  

d i s r u p t e d  i . e . l .

T h is  i n  t u r n  o v e r l i e s  a  l a y e r  o f  m e d ia l 

d e g e n e r a t io n  from  w hich  sm ooth  m u sc le  c e l l s  

a p p e a r  t o  be ^  p a s s a g e  to  th e  i n t im a ,  th ro u g h  

th e  d i s r u p t e d  i . e . l .  ( b )

( c )  P a r t  o f  t h e  sam e h y a l i n e  p la q u e ,  x  400

(H. & E . s t a i n )
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PUTE L m

T .S . o f haem orrhagic in t im a i  le s io n  found in  
p o r t io n  I  o f th e  a o r ta  of specim en M.120 (sc ru b lan d  

b u l l  e le p h a n t) ,  ( s t a i n  Sudan IV & haemalum).

( a )  S in u so id  fo rm a tio n  and a re a  of in f i l t r a t io n
o f red  blood c e l l s  from th e  a o r t i c  lumen

in to  th e  l e s io n .  Numerous macrophages c o n ta in in g  
su d a n o p h ilic  l i p i d  g lo b u le s  o ccu rred  bo th  in  th e  
h y a lin e  and haem orrhagic a re a s  o f t h i s  p laq u e .

(b ) D eveloping s in u s o id s  in  th e  le s io n .
( c )  I n t r a c e l l u l a r  l i p i d  in  some v ery  la r g e ,  e lo n g a ted

c e l l s  th o u g h t p o s s ib ly  to  be macrophages o r 
f i b r o b l a s t s ,  and some e x t r a c e l lu l a r  l i p i d  

g lo b u le s .
(d )  S u d an o p h ilic  l i p i d  d e p o s its  in  th e  deep la y e r s  

o f th e  l e s io n .
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PIATE LXXXl

R adiographs o f th e  a o r ta e  o f e lephan ts*

( a )  M.107I a o r ta  p o tio n  V /d o rsa l, showing th e  
c r e s c e n t ic  c a lc i f i e d  rod  ly in g  in  th e  l in e  
o f th e  su p p o r tiv e  a rc h  o f th ick en ed  f ib ro u s  

in t im a i  and m edial t i s s u e ,  norm ally  found 
a t  th e  b i f u r c a t io n .

The a r e a -g r id  f o r  making q u a n t i ta t iv e  counts 

i s  shown.
(b )  M .I3I 1 e a r ly  c a l c i f i c  d e p o s its  in  th e  a o r ta  

p o r t io n  V /d o rsa l l i n e  ( a t  b i f u r c a t io n ) .
( c )  M.86* c a l c i f i c  d e p o s i ts  a t  th e  ju n c tio n

of p o r t io n s  I I I  -  IV in  th e  a o r ta .
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Chapter 12

O ther TraumatlOf C o n g en ita l and P a th o lo g ic a l

C o n d itio n s

Scope o f t h i s  s tu d y

T raum atic , c o n g e n ita l and p a th o lo g ic a l  c o n d itio n s  

which were m a c ro sco p ic a lly  obvious a t  au topsy  a re  

d e s c r ib e d  on ly  b r i e f ly  h e re , in  o rd e r  to  reco rd  t h e i r  

o c c u rre n c e , and to  n o te  in s ta n c e s  which may have some 

re le v a n c e  to  c a rd io v a s c u la r  a b n o rm a lit ie s  found . As 

d e s c r ib e d  in  C hap ter 7 ( s p e c ie s  o th e r  th a n  e le p h a n t) ,  

th e  s y s te m a tic , d e ta i l e d  h is to p a th o lo g ic a l  exam ination  

o f th e  r e f e re n c e  c o l le c t io n  o f  m ic ro - s l id e s  o f  t i s s u e s  

c o l le c te d  as au topsy  r o u t in e  f o r  a l l  specim ens, i s  s t i l l  

p en d in g . I t  i s  p lanned  to  c a rry  o u t a  com prehensive 

s y s te m a tic  s tu d y  o f th e se  t i s s u e s  in  th e  n ea r f u tu r e .

The patho logy  o f th e  In d ian  e le p h a n t has been 

e x te n s iv e ly  s tu d ie d  (Evans 1910), (H a llo ra n  1955), b u t 

up to  d a te  such s tu d ie s  on th e  A fric an  e le p h a n t have been 

somewhat l im i te d .  In  some cases th e  p re s e n t  s tu d y  ( f o r  

example o f th e  le s io n s  found in  e le p h a n t tu s k s )  i s  n o t 

y e t  com plete , and i t  i s  n o t always p o s s ib le  to  d e te rm in e  

w hether th e  le s io n s  a re  e n t i r e l y  tr a u m a tic ,  o r  e n t i r e l y
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p a th o lo g ic a l  in  c h a ra c te r ,  o r w hether a  p rim ary  tra u m a tic  

o ccu rren ce  has been com plicated  by a  secondary  p a th o lo 

g ic a l  c o n d i tio n .

ABhOHMALlTlES OBSERVED*

1. T eeth

A. Tusks

A lthough tu s k le s s  A fric an  e le p h a n t occur in  p a r t i c u la r  

l o c a l i t i e s  a p p a re n tly  as a d i s t i n c t  g en o ty p e , i t  i s  more 

u su a l f o r  la rg e  tu sk s  to  develop  and to  fu n c tio n  as extrem e

ly  u s e fu l  * t o o l s '  f o r  fe e d in g , and c le a r in g  p a th s  th rough  

th e  undergrow th . They a ls o  appear to  be used  in  b ehav iou r

a l  p a t te r n s  connected  w ith  c o u r ts h ip , e s ta b lish m e n t o f  herd 

le a d e r s h ip ,  d i s c ip l i n a r y  behav iou r tow ards ca lv e s  and 

ju v e n i le s ,  as w e ll a s  d e fe n s e . I t  i s  w idely  s ta te d  among 

ex p erien ced  e le p h a n t h u n te rs  and game wardens th a t  tu s k le s s  

e le p h a n ts  a re  f r e q u e n t ly  in c l in e d  to  be u n u su a lly  i r r i t a b l e  

and a g g re s s iv e .

Normal tu s k  growth i s  i l l u s t r a t e d  in  P la te s  Xuii-xuv) pp 375 -  3% ( 

A deciduous p a i r  o f  'm i lk ' tu sk s  i s  shed soon a f t e r  b i r t h  

and im m ediately  re p la c e d  by th e  co n tin u o u s ly  growing 

perm anent ones (S ik e s  1966b ) .  In  th e  b u l l s ,  th e s e  grow 

la r g e r  in  p ro p o r t io n , have a r e l a t i v e l y  s h o r te r  p u lp  and a
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b l u n t e r  t i p ^  In  th e  cow s, t h e  p u lp  i s  r e l a t i v e l y  

lo n g e r  and m ore s l e n d e r ,  and th e  t i p  ( u n l e s s  b ro k e n  

o f f )  m ore p o i n te d .  The h e a l th y  tu s k  i s  som ewhat 

f l e x i b l e  and d o e s  n o t  b re a k  e a s i l y .  In  c o m m e rc e , 'b u ll  

i v o r y '  and 'cow  i v o r y '  a r e  d i s t i n g u i s h a b l e  and u sed  f o r  

d i f f e r e n t  m a r k e ts .

T usks s o ld  on th e  com m erc ia l m a rk e t a r e  g ra d e d  

a c c o rd in g  to  t h e  t r a d i t i o n a l  c l a s s i f i c a t i o n s -

V i l a i t i t

Y i l a i t i  g a n d a i i 

C u tc h i s

C u tc h i  g a n d a i t 

C a l a a i a i

F a n k d a i

Makaubi

Dandies

' s o f t '  tu sk s  ( Loxodonta 

a f r ic a n a  s i f ric& na ) sound |
>40 lb  d ry  w eigh t;

'h a r d ' tu sk s  (L .a f r ic a n a  

c y o lo t i s  ) sound;>40 lb  d ry  w eigh t;

' s o f t '  tu s k s ;  sound; 20 -  40 lb ;

'h a r d ' tu s k s ;  sound; 20 -  40 lb ;

a l l  cow tu sk s  ^ 10 lb  and 2 - 3  i n .  
maximum d ia m e te r;

a l l  b u l l  tu s k s ;  sound; 10 -  20 lb ;  

a l l  iv o ry , b u l l  o r  cow, 5 - 1 0  lb ;  

a l l  iv o ry , b u l l  o r  cow, ^  5 lb ;  

a l l  d e f e c t iv e  tu s k s ."  (Anon.1 )5 7 -6 6 )C h in a i s

D e f e c t iv e  tu s k s  a r e  r e c o g n is e d  w h ile  s t i l l  c o m p le te  by* 

i )  t h e  p r e s e n c e  o f  a  c e n t r a l  b l a c k  s p o t  a t  t h e  t i p  ( P l a te s  Limnm,

544 % 549T ) .  T h is  i s  i n d i c a t i v e  o f  t h e  f a i l u r e  o f  th e
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d e n tin e  to  c lo s e  over tk e  p u lp  t i p  and a p p a re n tly  w ith o u t 

ex c ep tio n  in d ic a te s  m echanical weakness in  th e  iv o ry  -  

a d e f e c t  e q u a lly  in c o n v en ien t bo th  to  th e  l i v e  e le p h an t 

and to  th e  m an u fac tu re rs  o f iv o ry  goods. i i )  The p re se n ce  

o f i r r e g u l a r i t i e s  o f  th e  d e n t in e  w ith in  th e  pu lp  cavity.* 

th e s e  may be p re s e n t  e i th e r  as c a v i t i e s  in  th e  d e n tin e  o r 

as  e x tru s io n s  o f d e n tin e  in to  th e  pu lp  lumen. iii) Tucks 

vrdrth Broken t i p s ,  deep lo n g i tu d in a l  c rack s  in  th e  d e n t in e ,  

s u r fa c e  wear o f th e  d e n tin e  form ing grooves o r  r id g e s ,  and 

damage due to  b u l l e t s  o r s p e a rs  (P la te s  pp  529  ) .

C olyer (1 )3 6 ) , C olyer & M iles (1957) and M iles & White (1 )60 ) 

have d e sc r ib e d  numerous ca se s  of a b n o rm a lit ie s  in  e le p h a n t 

tu s k s .  *

When sawn into sections, the mechanical weakness of the 

tusk consequent on these abnormalities is evident. 'Ivory 

pearls' or 'seeds', and 'ivory trees', under mechanical 

stress, form lines and centres of weakness from which a 

split in the tusk may be initiated. Tjiusks showing trans

verse growth waves and corrugations near the base are not 

regarded as commercial y defective.

* I am indebted to Nr. Robin Pereira, Government Ivory Warden, 
Mombasa, Kenya, and to his colleagues for instruction and 
guidance in the practical evaluation of tusks; and to Mr. 
V.H. Valjee, Accredited Ivory Merchant, Mombasa, Zansibar 
and India, for demonstrating the techniques for handling 
the different classes of ivory, and for cutting for- me 
selected sections of defective ivory for further study.
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Wheu specim en &#120, which hmà À ong tu sk s  w ith  

S le n d e r  curved t i p s ,  whs s h o t ,  i t  f e l l  fo rw ard , embedding 

th e  t i p  o f  th e  l e f t  tusic in  th e  ground b e fo re  r o l l i n g  o v er 

oryio i t s  r i g h t  s id e .  The tu sk  s p l i t  and th e  t i p  broke

c f f ,  r e v e a l in g  th e  p reoenee o f  'p e a r l s '  a lo n g  th e  l i n e  o f
Lxxxv

m echenciai weakness where t l is  tu s k  had s p l i t  ( P la te  a P ^^4 ) .

Specimen K.149 p o ssessed  o n ly  one norm al tu sk  ( l e f t )  

le n g th  cm, d ia m e te r om, w eight 1 )  kg. The e th e r  

was found to  be c c m p ie te : /  d e f e c t iv e  mad a p p a re n tly  had 

ae v e r  grown n o rm ally . I t  c o n s is te d  o f  th e  main tu s k  p ro p e r , 

which was a mere stum p, su rrc iinded  by fo u r  sm a ll, su b cu t

an eo u s, Eupornumorary t u s k l e t a .  .arge q u a n t i t i e s  o f  m al- 

odourous pus stream ed  iro&  mirv ^&ie.$uown th e  curf& ce o f 

th e  sskiiin tu s k . imrn^erous 'p e a r  s '  o ccu rred  th roughou t

bo th  th e  p u lp  and th e  formed d e n t in e . T h is  case  i s
LX/XlK JUnl 540

i l l u s t r a t e d  in  Plat^S^Lxxxfv and r o r b ^ es sev e ra l

s im i la r  oases d e sc r ib e d  by c o ly e r  ( 193,6 j .

I t  seems t h a t  th e  o r ig in a l  c^use o f t b i t  ab n o rm a lity  

was p robab ly  an in ju r y ,  b u t t h a t  a eecoiidwry b a c te r i a l  

in f e c t io n  may have fo lio w ed , B e ttin g  up a complex in f la m 

m atory r e a c t io n  i a  th e  pu lp  t i s s u e ,  re çu  t in g  in  aü& orsal 

a c t i v i t y  o f th e  o d o n to b la s ts  (M iiM  lg 6 6 ) .  ^ ithou^L  i t



m ight be supposed th a t  t h i s  c o n d itio n  caused th e  e le p h a n t 

c o n s id e ra b le  p a in  and in c o n v en ien ce , no o th e r  ev idence  o f 

i t s  s t r e s s f u l  e f f e c t  was no ted  a t  au to p sy . The a d re n a l 

g la n d s , f o r  exam ple, appeared  to  be p e r f e c t ly  normal bo th  

m acro- and m ic ro s c o p ic a lly , as d id  a l l  o th e r  o rg an s.

S l ig h t  c a l c i f i c a t i o n  o f  th e  a o r ta  and some L ip id  d e p o s it io n  

in  th e  a o r t i c  and coronary  in tim a  had o c c u rre d , b u t i t s  

amount and d i s t r i b u t i o n  c lo s e iy  resem bled  t h a t  of M.l^O, 

an o th e r  b u l l  e le p h a n t o f s im i la r  aige and s t a tu s  sh o t in  

company w ith  JS«149«

P la te  5T3? shows th e  tu s k  and pu lp  r e a c t io n  to  what 

seems to  have been a lo n g -s ta n d in g  In ju ry  to  th e  b ase  of th e  

tusk./v In  t h i s  ca se  * r e a c t io n a ry  d en tin e*  had formed 

e x tru s io n s  in to  th e  pu lp  and even formed a lo n g i tu d in a l  

p a r t i t i o n  w ith in  i t  (M iles & White i 9 6 0 ) .  One supposes 

t h a t  t h i s  r e a c t io n  o r ig in a te d  from an in ju r y  to  th e  base  

o f th e  tu s k , a lth o u g h  no ag e n t such as  a  b u l l e t  was lo c a te d .

The tu sk s  o f  K.103 seem to  resem ble  th e  oases d e sc r ib e d

by M iles & White ( i 9 6 0 ) ,  where e a r ly  in ju ry  may have caused
\

exposure o f th e  p u lp  t i p  w ith  th e  fo rm a tio n  o f a b sc e s se s  

th e r e ,  r e s u l t i n g  in  th e  developm ent o f a  perm anent lo n g itu d i*  

n a l f i s t u l a  th ro u g h  th e  d i s t a l  d e n t in e .  T h is would accoun t
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f o r  *8pot* (a o e  a b o v e ) ,  r e c o g n is e d  (from th e  e x te r n a l  

a p p e a ra n c e )  by iv o r y  m e rc h a n ts  a s  a  r e l i a b l e  i n d i c a t i o n  

o f  d e f e c t i v e  i v o r y .  'S p o t*  v a s  o b s e r v e d ‘and p h o to g ra p h e d  

by t h e  a u th o r  in  t h e  tu s k s  o f  a  c a p t iv e  A f r ic a n  b u l l  e l e 

p h a n t ,  aged  a b o u t 14 -  15 y e a r s ,  i n  a z o o lo g ic a l  g a rd e n  

i n  Germany { V l & t e  btm n p  ) .

A num ber o f  sp e c im en s  c o l l e c t e d  i n  t h e  s c ru b la n d  

h a b i t a t  ty p e  in  Kenya sho v ed  o v a l  o r  ro u n d -sh a p e d  h a e m o rr-  

h a # ic  l e s i o n s  on th e  s u r f a c e  o f  th e  p u lp  a d ja c e n t  t o  t h e  

d e n t i n e .  A p a tc h  o f  r e a c t i o n a r y  d e n t i n e  m a tch in g  th e  

p o s i t i o n  o f  t h e  p u lp  l e s i o n  a lw ay s  o c c u r r e d ,  a l th o u g h  i t  

v a r i e d  i n  c h a r a c t e r ,  som etim es fo rm in g  a  d e ep  c a v i ty  i n  t h e  

d e n t i n e ,  a  m ere *rough* p a tc h ,  o r  an  a c t u a l  e x t r u s io n  o f  

d e n t i n e  i n t o  th e  p u lp  i t s e l f .  In  s e c t i o n ,  th e s e  l e s i o n s  

sh o v ed  e x t r a v a s a t io n  o f  b lo o d  from  th e  c a p i l l a r i e s  i n t o  th e  

n e ig h b o u r in g  t i s s u e s ,  w here an  In f la m m a to ry  r e a c t i o n  had 

o c c u r r e d  w ith  e x c e s s iv e  h i s t i o c y t e  p r o l i f e r a t i o n  and i n  

some c a s e s  a l s o  a  s l i g h t  g r a n u l a t i o n .

F u r th e r  d e t a i l e d  i n v e s t i g a t i o n  o f  t h e s e  l e s i o n s  i s  

p la n n e d ,  a s  t h e s e  seem  n o t  t o  b e  due  to  any  d i r e c t  e x t e r n a l  

i n j u r y .  I t  seem s im p ro b a b le  t h a t  su c h  s m a l l ,  w id e ly  

s e p a r a t e d ,  l o c a l i s e d  h a e o o r r h a g ic  l e s i o n s  w ould r e s u l t
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from i n d i r e c t  traum a due to  e x te rn a l  s t r e s s e s  in c id e n t  

on th e  s u r fa c e  o f  a la rg e  tusk# I t  seems more p ro b ab le  

th a t  th e  cause m ight be an in t e r n a l  in flam m atory  ag en t 

c a r r ie d  in  th e  lymph o r  th e  b lo o d . One cannot overlook  

th e  p o s s i b i l i t y  t h a t ,  i f  due to  such an inflam m atory  aigent, 

such as toxoplasm as o r b a c te r ia  c a r r ie d  in  th e  b lo o d , th e re  

m ight be some re le v a n c e  to  an a o r t i t i s  no ted  in  some o f th e  

same specim ens (Appendix ^  |  S ik e s , in  p r e s s ;  p éoG )

Due to  th e  deep cone-shaped * cu l-d e -sa c *  formed by 

th e  u su a l p h y s ic a l p o s i t io n  and shape o f  th e  h ig h ly  v a s c u la r  

tu e k  p u lp , one would suppose th a t  th e  r e tu r n  o f venous blood 

from th e  tu sk  m ight r e a d i ly  become im p a ired . T his might 

happen e s p e c ia l ly  where th e  tu sk s  grow so  la rg e  and heavy 

th a t  th e  head cannot any more be r a is e d  f o r  a c t iv e  use  in  

b re a k in g  down th e  h ig h e r  b ran ch es o f t r e e s .

No d e s c r ip t io n  o f t h i s  c o n d itio n  could  be lo c a te d  in  

th e  l i t e r a t u r e ,  and M iles (1966) confirm ed th a t  no d a ta  

had p re v io u s ly  come to  h is  n o t ic e  r e l a t i n g  to  i t .

B. M olars

A b n o rm alitie s  o f th e  m olars were v e ry  few and in s ig n i 

f i c a n t  in  th e  specim ens c o l le c te d .  A s l i g h t l y  abnorm al 

grow th o f cement was seen  in  th e  ro o ts  o f  th e  m olars o f
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s e v e ra l  o f th e  g ra s s la n d  e le p h a n ts  .. p ) .

lAWB ( 1 9 6 6 ) s ta te d  th a t  he h a i  observed  th e  p resen ce  o f 

superm uaerary  m o la rs , a lth o u g h  th e s e  were n o t i l l u s t r a t e d  

and may p o s s ib ly  have been p a r te  o f normal m olars which 

had become se p a ra te d  from th e  rem ainder o f th e  to o th ,  due 

to  d e h y d ra tio n  and o rack in g  o f th e  cement -  a common 

o ccu rren c e  i f  e lep h a n t m olars a re  allow ed to  d ry  o u t 

co m p le te ly  f o r  exam ination  and s to ra g e  and t hen- s u b je c te d  

to  extrem e tem p era tu re  changes.

2 . Trunk

Only fo u r  c a se s  o f  ab n o rm a lity  o f  th e  tru n k  were n o ted , 

o f  th e s e  one ( p a r t i a l  p a r a ly s i s  o f  th e  tru n k )  w ^  seen  in  

a  l i v i n g  b u l l  e le p h a n t which was n o t c o l le c te d  f o r  s tu d y . 

T h is e le p h a n t was observed  in  company w ith  th r e e  o th e r  b u l ls  

f o r  a p e r io d  o f abou t an h o u r, d u rin g  which they  approached 

a w a te r  h o le  a t  m idday, d ran k , moved to  a w allow, wallowed, 

moved to  a  d u s t  b a th , d u s te d , and f i n a l l y  moved o f f .  The 

an im al in  q u e s tio n  had g r e a t  d i f f i c u l t y  in  d r in k in g , and 

alw ays s p i l l e d  a c o n s id e ra b le  q u a n t i ty  o f w ate r from  i t s  

tru n k  d u r in g  i t s  very  awkward t r a n s i t  to  th e  mouth. I t  

l a t e r  approached th e  wallow w ith  i t s  com panions, b u t s to o d  

a s id e ,  th e  tru n k  draped  over one tu s k , w atch ing  them.
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I t  d id  n o t e n te r  th e  w allow . At th e  d u s t  b a th , i t  made a 

token  e f f o r t  to  d u s t ,  th e  p a th e t i c  a tte m p t r e s u l t in g  in  

t o t a l  f a i l u r e  to  aim c o r r e c t ly  o r blow d u s t  over i t s  body.

( P la te  p 65"3. ) .

Specimen 11.86, an e ld e r ly  and d e c re p i t  b u l l ,  c o l le c te d  

in  Uganda,^had an open, su p p u ra tin g  tru n k  wound ( PlateIWVK p 

The mouth a ls o  con ta ined  pus and was f u l l  o f 'f ly  la rv a e  and 

eg g s . This ty p e  o f in ju r y  m ight have been i n f l i c t e d  by a 

p o a c h e r 's  s p e a r .

Specimen K.1 5 2  was an e x c e p tio n a lly  la rg e  and h e a lth y  

m idd le-aged  montane b u l l .  A f i s t u l a  n ea r th e  tru n k  t i p  

seemed n o t to  in co n v en ien ce  i t .  One may suppose th a t  th e  

tru n k  t i p  could  have been p e r fo ra te d  by a sh a rp  m ountain 

bamboo sp ik e  d u r in g  c a lfh o o d .

Specimen M.dT was rem ark ab le  in  th&it i t  had l o s t  th e
l^oun^i |?y Som e, in ju r jf

d i s t a l  th i r d  o f i t s  t ru n k , the/^te^ŒPy hav ing  s u c c e s s fu l ly  

h e a le d . C o n tra ry  to  th e  t r a d i t i o n a l  b e l i e f  th a t  e le p h a n ts  

canno t su rv iv e  a f t e r  th e  lo s s  o f th e  tru n k  t i p ,  t h i s  b u l l  

was co m p ara tiv e ly  w e ll grown and h e a l th y . Stomach c o n te n ts  

in d ic a te d  a d i e t  e f - w t h i a g  b u t g r a s s ,  and t h i s  had been 

m a s tic a te d  to  a v e ry  f in e  c o n s is te n c y . V h ile  a l i v e ,  t h i s  

e le p h a n t was n o t seen  to  make any a tte m p t to  reach  a rb o re a l



— 55 (p

fo d d e r  o r  b a rk , and i t  seems p ro b ab le  th a t  th e  tru n k

had l o s t  th e  power to  cope w ith  an y th in g  heavy o r h a rd .

I t s  a b i l i t y  to  d r in k  was n o t o b serv ed , b u t i t s  p ro x im ity

to  th e  bank o f th e  B ile  m ight su g g est th a t  i t  d rank  d i r e c t

in  th e  d eep er w ate r w ith  th e  mouth. I t  i s  d i f f i c u l t  to

im agine an a d u l t  e le p h a n t s u rv iv in g  th e  reco v e ry  p e rio d  o f

an in ju r y  o f t h i s  m agnitude, b u t i f  i t  o ccu rred  w h ile  s t i l l

a  s u c k lin g  c a l f ,  i t  would seem p o s s ib le  th a t  i t  could  l a t e r

adop t th e  h a b i t  o f d r in k in g  w ith  th e  mouth, d i r e c t  from

deep w a te r . The obvious c a u sa l ag en ts  to  su g g e s t f o r
be

an in ju r y  o f t h i s  k ind  w o u ld jc ro c o d ile , o r  perhaps a 

p o a c h e r 's  sn a re  o r  s p e a r . ( P la te  Lwxvi p ) .

3* Ears

hop—e a rs  were observed in  specim en M,6 6  and in  f i v e
LXXXVII

o th e r  l iv in g  elepheint which were n o t c o l le c te d  ( P la te  p 5^^ ) .  

T h is c o n d i t io n , and a n o th e r  ab n o rm a lity  o f  th e  e a r ,  common 

in  c a p tiv e  e le p h a n ts  ( P la te  p a re  d isc u sse d  in

Appendix 7  py^^a-g^S(Sikes 1966a ) .  lo p - e a r s  in  w ild

e le p h a n t a re  commonly supposed to  be due to  in ju r y  of th e  

c a r t i l a g e .  In  c h a p te r  11, , ij^ave su g g e s te d , as

a n o th e r  p o s s ib le  cau se , p a r t i a l  o c c lu s io n  o f th e  o r i f i c e  o f 

th e  p o s te r io r  a u r ic u la r  a r t e r y  a s  a  r e s u l t  o f  adwanoed
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a r t e r i a l  c a l c i f i c a t i o n  o c c u rr in g  in  g ra s s la n d  and sc ru b 

land  e lep h an ts*  Specimens w ith  lop—e a rs  may f r e q u e n t ly  

be observed f e e l in g  th e  e a r  o r i f i c e  w ith  th e  tru n k , o r 

even blow ing d u e t in to  i t ,  as i f  i r r i t a t e d .
p«ir^aTccnr*

A sm all c i r c u la r  h a , made by a h u n te r 's  b u l l e t  

p a s s in g  t h r o u ^  th e  e x te rn a l  ea r  was no ted  in  specim en M.103, 

and in  a  l iv e  e lep h a n t in  th e  Queen E liz a b e th  N ationa l Park 

a s im i la r  s c a r  was seen .

Torn and fra y ed  edges to  th e  e a rs  o f o ld e r  e le p h a n ts  

e re  f r e q u e n tly  n o te d , a p p a re n tly  th e  r e s u l t  o f te a r in g  by 

th o rn  bushes and by f ig h t in g .  Warble f l y  was f r e q u e n t ly  

encoun tered  in  th e  e a r  ( s e e  ch . 4)«

The p inna  o f th e  e a r  i s  th e  main e x te rn a l  organ 

connected  w ith  body tem p era tu re  r e g u la t io n  in  th e  A fric an  

e le p h a n t , a f a n - l ik e  arrangem ent of s u p e r f i c i a l  blood

v e s s e ls  o c c u rr in g  on th e  m edial s id e  ( PlateIXX^^uip ) .

In  t h i s  r e s p e c t  i t  i s  p ro b ab ly  of g r e a te r  im portance to  th e  

A fric an  th an  to  th e  In d ian  e le p h a n t , th e  p in n a  o f which i s  

much s m a lle r /w ith  deeper b lood v e s s e l s .  C h a r a c te r i s t i c a l l y ,  

when A fric a n  e le p h a n t feed  or r e s t ,d u r in g  th e  h e a t o f th e  

day th e  e a r s 'f l a p *  rh y th m ic a lly  w ith  a 'p u n k a h ' a c t io n ,  

exposing  th e  m edial s u r fa c e  of th e  ea r  to  a i r  c u r r e n ts .
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At such  t i n e s ,  th e  f a n l ik e  blood v e s s e ls  a re  r e a d i ly  

se en , even in  l i v e  wild e le p h a n ts , to  be d is ten d ed  and 

p rom inen t, w h ile  in  th e  co ld  tem p era tu re  o f  e a r ly  morning 

and even ing  in  th e  montane h a b i ta t  th e y  a re  c o n tra c te d  and 

e x te r n a l ly  com ple te ly  i n v i s ib l e .  In  Zoo e le p h a n ts , th e  

d is te n s io n  o f th e se  v e s s e ls  can a p p a re n tly  be c o n tro lle d  

v o lu n tE ir lly , am o b se rv a tio n  r e - i t e r a t e d  to  th e  a u th o r  bo th  

by th e  V e te r in a ry  O ff ic e rs  and th e  K eepers o f d i f f e r e n t  

Z o o lo g ica l G ardeas, when d e s c r ib in g  a tte m p ts  to  ta k e  blood 

sam ples from th e  v e in s  o f th e  p in n a .

The a b i l i t y  o f th e  p in n a  to  fu n c tio n  norm ally  i s  

th u s o f  g r e a t  im portance to  e le p h a n t, and i t s  d y s fu n c tio n , 

as in  lo p - e a r ,  must be a s e r io u s  in co n v en ien ce .

4# Eyes

Only one case  o f b lin d n e s s  in  e le p h a n t was n o te d ,
Uvri/viq

in  a  very  poor specim en^In th e  Tsavo N a tio n a l P ark , which 

was o b v io u s ly  a ls o  in  a very  bad g e n e ra l s t a t e  o f h e a lth  

( P la te  \C  p 5sq- )•

Prechkop (1955) rem arks on th e  f a c t  th a t  th e  e le 

phant and th e  w ild  p ig  a re  th e  on ly  u n g u la te s  w ith  a round 

p u p i l ,  a  f e a tu r e  no rm ally  a s s o c ia te d  w ith  f o r e s t  and shade 

adapted  a n im a ls , and e v o lu t io n a r i ly  s a id  to  be n e a re r  to
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t h e  a n c e s t r a l  fo rm s o f  u n g u la te s  th a n  o t h e r  fo rm s ,s u c h  

a s  r u p i c o l i n e ,  e s e r t ,  s e m l- a q u a t l c  and a r b o r e a l  g ro u p s  

w hich  have  become a n a to m ic a l ly  b e t t e r  s u i t e d  to  t h e  m ore 

r e c e n t l y  a d o p te d  b io to p e s .

I t  ffloy b e  t h a t  c o n s ta n t  e x p o su re  to  b r i g h t  s u n l i g h t  

i n  t h e  s t r e s s e d  lo w lan d  h a b i t a t s  h a s  an  a d v e r s e  e f f e c t  on 

t h e  e j r e s ig h t  o f  s u c h  e l e p h a n t s ,  f o r  one w ould e x p e c t th e  

e y e s i g h t  o f  s h a d e -a d a p te d  s p e c i e s  to  f u n c t io n  q p tim a lly  i n  

l i g h t  o f  low  i n t e n s i t y .  E le p h a n t  i n  f o r e s t  h a b i t a t s  a r e  

n o t o r i o u s l y  m ore a l e r t  to  th e  p re s e n c e  o f  h u n t e r s ,  and  

t h e r e f o r e  more d i f f i c u l t  t o  h u n t ,  b u t  one h a s  fo u n d  no 

d a t a  to  s u g g e s t  i f  t h i s  i s  d u e  p r i m a r i l y  to  th e  b e t t e r  

s c e n t ,  b e a r in g  o r  e y e s ig h t  i n  f o r e s t  h a b i t a t s .

5 .  Idmbs

No a b n o r m a l i t i e s  o f  t h e  l im b s  w ere  n o t ic e d  o th e r  

th a n  th e  s w o lle n  f e e t  o f  sp e c im e n  R .122 ( d i s c u s s e d  i n  

c h . 1 1 , p ty ^ ^  o f  sp ec im en  * .8 6  ( S ik e s  1966b ) ,  and o f  th e  

f r e q u e n t  o c c u r re n c e  o f  l a r g e  th o r n s  embedded in  t h e  s o l e s ,  

o f  t h e  f e e t  o f  s c ru b la n d  e le p h a n t  ( S ik e s  1966a ) .  F i f t y - s i x  

s u c h  th o r n s  w ere  c o u n te d  in  t h e  s o l e  o f  one f o r e f o o t  o f
LvxxVI

sp e c im e n  K .lüG  ( P l a t e ^  pSîffe ) .  Wear and  t e a r  on  th e  

h o o v es  i s  d i r e c t l y  r e l a t e d  t o  t h e  ty p e  o f  t e r r a i n  i n  w hich
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t h e  e le p h a n t s  o c c u r .  The s o l e s  end t o ^  w ere  fo u n d  to  

be much sm o o th e r  and more r e g u l a r  i n  t h e  g r a s s l a n d  th a n  

i n  t h e  ro c k -B tre w n  s c r u b la n d  a r e a s .  M ontane e le p h a n t s  

o f t e n  h av e  v e ry  t h i c k ,  c a l lo u s e d  s o l e s  and t o r n  h o o v e s , 

p re su m a b ly  a s s o c i a t e d  w ith  r o c lM o r a m b l in g , a  p a s t im e  a t  

w h ich  th e y  a r e  v e ry  a g i l e  and w hich  th e y  a p p a r e n t ly  e n jo y  

a s  a  fo rm  o f  'p la y *  b e h a v io u r .

6 .  T a i l

The c o n d i t i o n  o f  th e  t a i l  seem s to  be  a  good i n d i c a t o r  

o f  t h e  g e n e r a l  h e a l t h  o f  t h e  e l e p h a n t .  E le p h a n ts  o f  a l l  

a g e s  i n  good h e a l t h  u s u a l l y  h av e  a  t h i c k  t u f t  o f  lo n g ,  

f l e x i b l e  h a i r s  on th e  t a i l  t i p .  T hese  a r e  much p r i z e d  

c o m m e rc ia l ly , a b o u t  100 co m m erc iab ly  s a l e a b l e  h a i r s  b e in g  

a v a i l a b l e  i n  a  good t & i l - t u f t .  I n  i l l - h e a l t h ,  h o w ev er, 

t h e  h a i r s  become b r i t t l e  and b re a k  o f f  s h o r t ,  o r  a r e  l o s t  

e n t i r e l y .  They f r e q u e n t l y  t u r n  g re y  i n  o ld  a g e . In  th e  

p r e s e n t  s u r v e y ,  t h e  m on tane  e le p h a n t s  g e n e r a l l y  had th e  

t h i c k e s t  t a i l - t u f t s .

I n  a  m ontane  h a b i t a t  i n  U ganda, one c a s e  o f  a  l i v e  

cow e le p h a n t  w h ich  had l o s t  p a r t  o f  i t s  t a i l  was n o te d  

( S ik e s  1966a ) .  I t  i s  p re a u m e d ^ th a t  t h i s  was d u e  to  

f a u l t y  h u n t in g  p r o c e d u r e ,^ a e  i t  i s  c u s to m a ry  f o r . t h e  ow ner
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o f  th e  c a rc a s s  to  cu t o f f  th e  t a i l  im m ediately  a f t e r  

th e  d e a th  o f th e  e le p h a n t. Cases have n o t in f re q u e n t ly  

been d e sc r ib e d  ( h e l l  i 9 6 0 ) in  which an e le p h a n t had been 

m erely stunned  by th e  h u n te r  and l a t e r  reco v ered  and 

escaped t a i l - l e s s .

7 . Dorsum, f la n k s .  Q uarteri|^  pad sk in

D ryness o f th e  sk in  and w asting  o f th e  m uscu la tu re  

of th e  dorsum , f lu n k s  and q u a r te r s  was no ted  in  many 

e le p h a n ts  in  g ra s s la n d  h a b i t a t s ,  and some in  sc ru b la n d .

I t  was n o t seen  in  any montane e le p h a n ts  observed or 

c o l le c te d .  The c o n d itio n  i s  d isc u sse d  in  c h .11, 

and may account in  p a r t  f o r  th e  e x c e ss iv e  b ark -ru b o in g  

and consequen t t r e e - r in g in g  o f th e  few t r e e s  in  th e  s t r e s s e d  

g ra s s la n d  and sc ru b la n d  h a b i t a t s .

one specim en, M.120, had th r e e  l a r g e ,  subcutaneous 

b o i l s ,  th e  s i s e  o f te n n is  b a l l s , i n  th e  l e f t  a x i l l a  and 

f la n k .  H is to p a th o lo g ic a l exam ination  o f th e se  i s  p lan n ed .

8 . R ep roduc tive  organs

A lthough whole o v a r ie s ,  and sam ples o f t e s t i c u l a r  

t i s s u e ,  were c o l le c te d  as r o u t in e  from th e  specim ens in  

t h i s  p r o je c t ,  exam ination  of th e s e  i s  n o t y e t  com plete .

Buss & Savidge ( I 9 6 6 ) have d e s c r ib e d  changes in  re p ro d u c tiv e

ît:
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b eh av io u r in  d i f f e r e n t  e le p h a n t p o p u la tio n s  in  Uganda, 

which may b ea r some r e la t io n s h ip  to  h a b i t a t  d e g e n e ra tio n  

and e le p h a n t p o p u la tio n  s t r e s s .  - .

The on ly  g ro ss  a b n o rm a lit ie s  no ted  in  th e  re p ro d u c tiv e  

t r a c t  were seen  in  specim en M.25, which had r a is e d  in flam ed  

n o d u les  on th e  v u lv a , and in  M.2 3 , a  young p reg n an t cow, 

which had a k n o t in  what was th o u g h t to  be th e  l e f t  

F a l lo p ia n  tu b u le  ( P la te  üxxVwip 55b )• Both th e s e  specim ens 

were c o l le c te d  by th e  M urchison F a l l s  P ark  a u t h o r i t i e s ,  b u t 

in fo rm a tio n  as to  th e  u l t im a te  f in d in g s  on them has n o t 

y e t  been made a v a i la b le .

I t  was no ted  th a t  th e  youngest p reg n an t o r  l a o ta t in g  

cows, M.2 3  and M.lOO, were abou t I 3 y e a rs  o ld  (lam in a ry  

age FM /IV/2) and th e  o ld e s t  K.122 was very  e ld e r ly

(FM/VI/41 S ikes 1966b ) .  The e ld e r ly  b u l l  M.1 2 1  

( lam in a ry  age FM /V l/1-2) was th e  on ly  one in  which th e re  

appeared  to  be no a c t iv e  p ro d u c tio n  o f  sperm stosoa in  ^ 

th e  t e s t e s ,  and y e t ,  s u r p r i s in g ly ,  in  s t a tu s  t h i s  e le p h a n t 

was th e  s e n io r  b u ll  a s s o c ia te d  w ith  a  mixed herd  c o n ta in in g  

n u rs in g  cows w ith  c a lv e s .

M .I33 had a c y s t i c  ovary ; t h i s  has n o t y e t  been 

examined h i s t o lo g ic a l ly .
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9 .  S p lee n

One case  o f double sp le e n  was no ted  (M .122).

The t i s s u e  o f each p o r tio n  appeared to  be normal and 

f u n c t io n a l ,  th e  p o r t io n s  w eighing  9 kg and 28$ g r e s p e c t

iv e ly .  T his i s  presumed to  be a c o n g e n ita l ab n o rm a lity . 

( P la te  D(X<Vuip ) .

10# L iver

B ile  s to n e s  were found in  b u l l s  *#1 0 8 , M#117, and in  

cow *#8 8 .

In  specim en K .88, a l l  th e  's t o n e s '  and 'g r a v e l '  

c o l le c te d  from th e  l i v e r  weighed 1 .1 7  kg , th e  l a r g e s t  

s to n e  hav ing  a d ia m e te r  o f  7*5 om. These were an a ly sed  

by c o u rte sy  o f th e  D epartm ent o f P atho logy  o f A ddenbrooke's 

H o s p ita l ,  Cambridge, and found to  c o n s is t  m ainly  o f  b i l i 

ru b in  w ith  a l i t t l e  c h o le s te ro l  (M itch inson  I 9 6 6 ) .  The 

whole l i v e r  o f *#88  weighed ab o u t 68 k g , whereas th e  noim al 

l i v e r s  o f com parable an im als weighed ab o u t 45  hg.

F lu k es were id e n t i f i e d  in  th e  l i v e r  in  s e v e ra l  

e le p h a n ts ,  and in  M.1 0 8  a la r g e  Trem atode was found , which 

has n o t y e t  been i d e n t i f i e d .  (C la rkson  1967)* The 

r e le v a n t  p a r a s i t e s  a r e  l i s t e d  in  T able pp -  ^5- *
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11# Kidney

C y s tic  k id n ey s were found in  specim ens *#107 and 

*#120; th e se  specim ens aw a it f u r th e r  study#

12# Longs# b ra in #  p i t u i t a r y  and th y ro id  g lan d s

S y stem atic  s tu d y  o f t i s s u e  sam ples from th e se  organs 

i s  pending# P ro fe s s o r  Qarnham, o f th e  London School 

o f Hyghne and T ro p ic a l M edicine, has k in d ly  u ndertaken  

to  examine th e  b ra in  t i s s u e  f o r  th e  p re se n c e  of p a ra s i te s #  

Heavy p a r a s i t i c  in f e s t a t i o n s  were found in  th e  lungs o f 

e le p h a n ts  c o l le c te d  in  th o  ! u rc h iso n  F a l l s  N atio n a l P ark , 

and a l l  th e  r e le v a n t  m a te r ia l  i s  in  th e  hands of th e  Parks 

a u th o r i t ie s #

13» D ig e s tiv e  t r a c t

Ho p a r t i c u l a r  s tu d ie s  were made o f th e  d ig e s t iv e  t r a c t  

a p a r t  from th e  c o l le c t io n  o f raWom sam ples o f stom ach, 

c a e c a l ,  and r e c t a l  c o n te n ts .  Dr# Cruckshank, Dunn

N u tr i t io n a l  la b o ra to ry ,  U n iv e rs ity  of Cambridge, has k in d ly  

agreed  to  an a ly se  th e s e  a g a in s t  serum sam ples , in  em 

a tte m p t to  e lu c id a te  th e  n a tu re  o f  th e  deranged Calcium 

m etabolism  o f th e  g ra s s la n d  e lep h an ts#

/B e fe re n c e s
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(P ro fesc  o r  o f th e  D ept, o f  o r a l  tfsd ic ln e  and o r a l  
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K lto h in so n , W ,J, (1 )6 6 ) , P e rso n a l com munication

S ik e s , 3 ,K , ( 1966a ) ,  The e le p h a n t problem  in  A frica# random 
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S ik e s , S .k ,  ( 1966b ) ,  The A fric an  e le p h a n t , laxodon ta

a f r i c a n a i a  f i e l d  method f o r  th e  e s tim a tio n  o f  ag e .
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S ik e s , 3 ,K , ( 1 9 6 6 0 ) , th e  A frican  e le p h a n t, th e  background to  

i t s  p re s e n t-d a y  e c o lo g ic a l  s t a tu s  in  th e  Ih irch ison  

F a l l s  4»a t io n a l  (Uganda) and Tsavo (Kenya) N a tio n a l 

Parks and e n v iro n s , k e v .Z o o l,h o t ,A f r . 74# 255-272

S ik e s , 3 ,K , ( 1 9 6 7 )* O b serv a tio n s  on th e  ecology o f a r t e r i a l
d is e a s e  in  th e  A frican  e le p h a n t ( ;oxodonta a f r i c a n a ) 
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( in  p r e s s ) ,  i^ndon & New York, Academic P re s s ,
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PUTE LXXXII

( a )  Specim en M.IOS.

Tusk pu lp  show ing s c a t t e r e d  haem orrhagic  

l e s io n s  th ou ght n o t to  be tr a u m a tic .

(b )  Specim en M . 1 1 7 *
I r r e g u l a r i t i e s  o f  th e  tu sk  pu lp  th ou ght 

to  be due to  a form er In ju r y  to  th e  tu sk  ( c )  

and ( d ) .

( c )  and ( d )  R ea ctio n a ry  d e n t in e  in  th e  tu sk  

o f  specim en M # 1 1 7 ,  shown by C o lyer  ( 1 9 3 6 )  
and C olyer  & M iles ( 1 9 5 7 )  u s u a l ly  to  be  

caused  by in ju r y  to  th e  tu s k .
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PLATE LXXXI!

4
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PUTE LXXXIII

Specim en M . 1 4 9 ;  scru b la n d  b u l l  e le p h a n ts

( a )  tu s k s  in  s i t u '  ;

(b )  supernum erary tu sk  n ear b ase  o f  

main r ig h t  tu sk ; '

( c )  L.S* two o f  th e  supernum erary tu sk s  

a s s o c ia t e d  w ith  th e  main r ig h t  tusk#



- S l \ r O

P L A T E LXXXIII

t T v '  L. ,

' - .i®  . J '  '-w

M. 149. 
SUPERNUMERARY TUSKS.
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PUTE LXXXIV ^ ^ 1

( a )  (b )  L*S# p o r t io n s  o f  th e  main r ig h t

• tu s k  o f sp ecim en  M.149 ( s e e  P la te  

LXXXIII) w ith  i t s  p u lp .

J
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PLATE L XXXIV

E

wa.L
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PLATE L X m

(a) Ivory 'pearls* or 'seeds* in the split
portion o f  the tusk of specimen M*120«

• *

(b) L.S. diseased tusks of specimen M.103,
with a fistula of the dentine, or 'spot'.

(c) Defective tusks. Note M.113, a juvenile
scrubland male elephant already showing marks
on the inside of the dentine matching similar 
pulp lasions to those of M.l08 illustrated
in Plate LXXXII (a).
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PLATE LXXXV

i v o r y "  p e a r l s n

EimW T

■ W3
l . t T B I

TUSK DISEASE IN 
elep h an t

M 113 
DISEASED TUSK

TUSK, s e c t io n s

M 103

M. 149 
SUPERNUMERARY 

TUSKS.
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PLATE LXXXVI

( a )  Trunk o f M.87 (Uganda g ra s s la n d )

(b )  S o le  o f f o o t  o f M.10& (Tsavo environ^ sc ru b la n d )  
showing la rg e  number o f embedded th o rn s .
These a r e  th o u g h t to  cause c o n s id e ra b le  

in co n v en ien ce  to  th e  e le p h a n t . They 
were n o t found in  e le p h a n ts  c o l le c te d  in  

o th e r  h a b it a t  ty p e s .
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PLATE L XXXVI

i

«  108 o '

S 01£ OF FOREFOOT

note tHomt^
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PliATE LXXXVIJ

( a )  L o p -e a re d ,c o w  e le p h a n t  i n  Queen E l i z a b e th  

N a t io n a l  P a r k ,  Uganda»

( b )  A bnorm al e a r  t u r n - o v e r ,  a s  f r e q u e n t l y  s e e n  

i n  c a p t iv e  A f r ic a n  e l e p h a n t s .

( c )  S u p p u ra t in g  wound i n  t r u n k  o f  

sp e c im en  M086 (U ganda g r a s s l a n d ) .

( d )  D e f e c t iv e  tu s k s  sh o w in g  *spo t*  i n  

c a p t iv e  A f r ic a n  b u l l  e le p h a n t*



P L A T E  LXXXVIl

m

t*
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PLATE L X m i l l

( a )  T o rs io n  k n o t in  r e p ro d u c tiv e  o rgans o f

specim en M.2 3  which was a ls o  p reg n an t ( h ) .

(h )  F oetus o f M.2 3 .

( c )  Double s p le e n . Specimen M.122 (fem ale , s c ru b la n d ) .

(d )  The e x te n s iv e  blood su p p ly  o f th e  norm al 

A fric a n  e le p h a n t ear* M.154.



PLATE LXXXVIII
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PLATE L m iX ....

( a )  P a r t i a l  p a r a l y s i s  o f  th e  tru n k *  an  é lé p h a n t  

o b se rv e d  i n  t h e  Tsavo N a t io n a l  P a r k . ( S c r u b la n d )

( b )  D i t t o .

( c )  A v e ry  d e c r e p i t  e le p h a n t  o b se rv e d  i n  th e  

M u rch iso n  N a l l s  N a t io n a l  P a rk ,  s t a n d in g  i n  

th e  N ile  w a te r s ,  sh o w in g  th e  ’d ro o p e d  head* 

s t a n c e  fo u n d  to  b e  g e n e r a l l y  a s s o c i a t e d  w ith  

i l l - h e a l t h .
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PLATE LXXXJX
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PLATE XO

(a )  E lephant observed in  th e  Tsavo N a tio n a l Park 

w ith  la rg e  subcutaneous sw e llin g s  resem bling  
th e  b o i ls  seen  in  specimen M.120.

(b )  A very  poor anim al observed in  th e  Tsavo 

N ationa l P ark , very  im m obile, b lin d  in  one 
eye, and w ith  th e  *drooped head* s ta n c e  th a t  

seemed to  be g e n e ra lly  c h a r a c te r i s t i c  of 
advanced a o r t i c  c a l c i f i c a t i o n .



PLATE X C /  '

T #
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DISCUSSION

A lthough th e  b a s ic  r a is o n  d 'e t r e  o f th i s  survey was i t s  

u l t im a te  re le v a n c e  to  c u r re n t re se a rc h  on the  p a thogenesis  

o f human a th e r o s c le r o s is ,  i t s  immediate c h a ra c te r ,  purpose 

and em phasis concerned th e  ecology of c a rd io v a sc u la r  d ise a se  

in  f r e e l i v i n g  w ild mammals and b ird s .  I t  i s  n e i th e r  w ith in  

th e  scope o f  t h i s  th e s i s ,  nor i s  i t  w ith in  th e  competence 

o f  th e  a u th o r , to  a s se s s  th e  f in d in g s  in  r e la t io n  to  a th e ro 

s c le r o s i s  in  Man, beyond th e  need to  id e n t i f y ,  i f  p o s s ib le , 

th e  le s io n s  observ ed . The d is c u ss io n  fo llow s th e  o rder of 

th e  )iypotheses and re q u ire d  f i e l d  t e s t s  l i s t e d  in  the 

In tro d u c t io n , pp ^ —17

i )  H ypothesis

S ince i t  appears th a t  only  a few genera of the v e r te 

b ra te s  so f a r  examined in  c a p t iv i ty  a re  s u s c e p tib le  to  tru e  

atherom a, w h ile  some a re  r e s i s t a n t  to  i t  in  co n d itio n s  o th e r  

th an  e x p e rim e n ta l, and in  o th e rs  the  s u s c e p t ib i l i t y  l in e  cu ts  

th rough  th e  g roup , s u s c e p t ib i l i t y  may be d p e n d e n t upon some 

f a c to r  o p e ra t in g  w ith in  th e  s p e c ie s .

F ie ld  t e s t  re q u ire d

To what e x te n t and in  what co n d itio n s  in  n a tu re  does 

a r t e r i o s c l e r o s i s ,  and in  p a r t i c u la r  atherom a, occur in



-  5 5 b

f r e e l i v i n g  wild an im als, and i© i t  confined to  th e

Bame group» of su sc ep tib *  an im als as  in  c a p t iv i ty ?

The d e f in i t io n s  of " a r te r io s c le ro s is *  ai-id " a th e ro s c le r 

o s is*  as c u r r e n t ly  accepted  in te r n a t io n a l ly ,  a re  quoted in  

c h .I f  pp — 3̂ 6? # D if f ic u l ty  was encoun tered ,

however# v e ry  e a r ly  in  th e  f i e ld  work over th e  a p p l ic a tio n
This was

o f th e  d e f i n i t i o n  o f * a th e ro s c le ro s is  "tj^due to  th e  f a c t  th a t  

o ccu rren ces  o f  l ip id -o o n ta in in g  th ic k en in g s  of th e  in tim a 

a s s o c ia te d  w ith  f ib ro -o u s c u la r  su p p o rtiv e  s t r u c tu re s  o f th e  

a r t e r i a l  w all# which appear to  be normal and alm ost u n iv e rsa l 

in  f r e e l i v i n g  w ild  anim als# do n o t appear to  have been c le a r ly  

d i f f e r e n t i a t e d ^ i n  th e  term inology o f  com parative medicine 

from atherom a.

The term  * f a t t y  s tre a k *  (F iennes 1965) d e sc r ib e s  c e r ta in  

m a n ife s ta tio n s  o f th e  normal occurrences# but does n o t r e a l ly  

d i f f e r e n t i a t e ,  f o r  example# th e  a o r t i c  * s tre a k in g "  o r 

"smudging" a s s o c ia te d  w ith  pregnancy and la c ta t io n  from th e  

normal d e p o s i ts  in  th e  c o l la rs #  ramps and r id g e s .  O ther 

w orkers (Gresham & Howard 1961) have regarded " f a t ty  s tre a k in g "  

as  a p re lim in a ry  s ta g e  in  th e  pa thogenesis o f atherom a.

Moreover# i t  was found d u rin g  t h i s  p ro je c t  th a t  th e se  

s u p p o r tiv e  s t r u c tu r e s  o f  th e  a r t e r i e s  appear to  possess



— 5 5 y  —

s p e c i f i c  a n a to m ic a l  c h a r a c t e r i s t i c s .  In  some c a s e s ,  th e y  

even  p o s s e s s  a n a to m ic  e w iap ta tio as  w hich  seem to  be r e l a t e d  

to  s p e c i a l i s e d  b e h a v io u ra l  and e n v iro n m e n ta l c h a r a c t e r i s t i c s  

o f  t h e  s p e c i e s  ( o h .6 ,p p p /4 0  -1 4 2 . ) .  The v u l n e r a b i l i t y  

o f  t h e s e  s t r u c t u r e s  to  traum a has been  f r e q u e n t ly  r e f e r r e d  

to  i n  t h e  l i t e r a t u r e .  Among th e s e  a u th o r s  may be m entioned  

L anghaas ( I 8 6 6 ) ,  H ib b e r t  ( I 9 1 8 ) ,  A sch o ff ( I 9 2 5 ) ,  Holman e t  

a l . ( 1957)f Z u g ib e  & Brown ( 196o ) ,^ a n d  h e r t e l s e n  ( 1963) .  

Duncan (1 9 6 3 )  e n p h a s is e d  th e  m ech an ica l s t r e s s e s  to  w hich 

th e y  a r e  n o rm a lly  s u b je c t e d ,  and Boucek (1965) d e s c r ib e d  

th e  p r e s s u r e s  e x e r te d  on th e  e x tra m u ra l  c o ro n a ry  a r t e r i e s  

d u r in g  v e n t r i c u l a r  s y s t o l e  and d i a s t o l e ,  w hich c a u s e  

c o ro n a ry  a n g u la t i o n  and o s c i l l a t i o n  a b o u t th e  s u p p o r t iv e  

t h i c k e n i n g s .  T j ^ t t a  ( I9 6 3 )  showed t h a t  i n  man a therom a

to u s  l e s i o n s  o f  th e  c o ro n a ry  a r t e r i e s  a r e  predom inantly  

l o c a l i s e d  i n  th e  c u r v a tu r e s .  R o b e rtso n  ( i9 6 0 )  r e f e r r e d  

to  m e c h a n ic a l s t r a i n s  a t  th e  b i f u r c a t i o n  and G illm an ( I9 6 4 )  

d i s c u s s e d  p o s s i b l e  d i f f e r e n t i a l  m ech an ica l f o r c e s  s e t  up 

d u r in g  g ro w th  i n  v a r io u s  a r t e r i e s  and p a r t s  o f  a r t e r i e s .

Hugh & Fox (1 9 6 3 )  d is c u s s e d ,f ro m  th e  v ie w p o in t o f  h y d r a u l ic  

e n g in e e r in g ,  th e  p ro b a b le  f l u i d  dynam ics o f  c i r c u l a t o r y  

c a v i t a t i o n .
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IfWA
The Iseue^oecom e*  somewhat c o n fu s e d , how ever, by 

th e  t r e a tm e n t  o f  a l l  th e s e  s t r u c t u r e s  by some a u th o r s  a s  

• l e s io n s *  (T h u r lb e c k  I9 6 5 ) ,  o r  " p o in ts  o f  traum a* (Sodeman 

1 9 6 1 ) . N e v e r th e le s s ,  th e  anatom y o f  c e r t a i n  o f  th e s e  

s u p p o r t i v e  s t r u c t u r e s  was d e s c r ib e d  by W agenvoort (1954) 

a s  •m u s c u la r  r i n g s  a t  p o in t s  o f  b ra n c h in g  from  th e  a o r ta *  

and C o n ti  ( 1953) c a l l e d  them  "c u sh io n s  o f  sm ooth m uscle  and 

e l a s t i c  f i b r e s " .  S te h b e n s  ( i9 6 0 )  r e f e r r e d  to  " in tim « il 

p a d s  c o n ta in in g  s t r a t i f i e d  l a y e r s  o f  sm ooth m uscle  and 

e l a s t i c  f i b r e s  i n  th e  c e r e b r a l  a r t e r i e s  o f  f o e tu s e s  and 

i n f a n t s " ,  and added t h a t  h e  n o t ic e d  no a s s o c ia te d  e n d c th e l i a l  

p r o l i f e r a t i o n .

R o b e r ts o n  ( I9 6 0 )  d e s c r ib e d  lo n g i tu d in a l  bands o f  sm ooth 

m u sc le  i n  t h e  s u b e n d o th e l ia l  l a y e r  r e p r e s e n t in g  a  p ro g r e s s iv e  

d e v e lo p m e n t o f  b ra n c h  p a d s , and th o u g h t t h i s  developm ent 

may b e  a s s o c i a t e d  w ith  c e l l s  e n te r in g  th e  bands by p a s s in g  

t h r o u ^  th e  f e n e s t r a t e d  i n t e r n a l  e l a s t i c  la m e l la .

F in lo y s o n  ( I9 6 5 )  s t a t e d ,  i n t e r  a l i a # " I t  would seem 

p r o b a b l e . . .  t h a t  su c h  a p p e a ra n c e s  ( i n t im a i  s u p p o r t iv e  

t h ic k e n in g s  c l o s e l y  r e l a t e d  to  v e s s e l  o s t i a  and b ra n c h in g s )  

may be  fu n d a m e n ta l ly  n o rm a l, and n o t  p a th o lo g ic a l  ( s e e  o h . (d 

p 14-0 )
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In  o rd e r  to  ach ieve s u f f i c i e n t  d e s c r ip t iv e  ran g e , th e

te rm s  • o e t i a l  c o l l a r s * ,  *ramps* and * r id g e s * , and "bands*

and * th re a d s  *, have been co ined . These a re  d ef ined  in

c h .6 , pp lA-lhto 14.3 . The s e a rc h  f o r  d e s c r i p t i v e  te rm s

in  th e  l i t e r a t u r e ,  adequate to  d i f f e r e n t i a t e  between th e

d i f f e r e n t  ty p es  : f  su p p o rtiv e  s t r u c tu r e  encountered in  a

s i n g l e  a o r t a ,  was d i s a p p o in t in g ,  and i t  a p p e a rs  t h a t  th e
c

e x a c t  anatom y and mode o f  f u n t io n in g  o f  th e s e  s t r u c t u r e s  

h a s  n e i t h e r  been  f u l l y  e x p lo re d  i n  Man, n o r i n  th e  s tu d y  

o f  c o m p a ra tiv e  mammalian f u n c t io n a l  a n a to g y .

I n t im a i  l i p i d  d e p o s i t s  w ere u s u a l ly  p r e s e n t  w ith in  

th e  r im  o f  th e  o s t i a l  co lleu r i n  th e  a o r t a ,  and a lm o st

i n v a r i a b l y  p r e s e n t  i n  th e  in t im a  o f  th e  o s t i a l  ramp o f  b o th

th e  a o r t a  and th e  c o ro n a ry  a r t e r i e s ,  and in  th e  r id g e s  a t  

t h e  b i f u r c a t i o n  o f  th e  a o r t a  and c a r o t id  a r t e r i e s .  I t  

a l s o  o c c u r re d  v e ry  commonly in  th e  r id g e s  o f  th e  b ra o h io -  

é e p h a l i c  t r u n k  ( o r  t r u n k s  ) aad th e  b ra n c h e s  o f  th e  b r a c h ia l  

a r t e r y .  B e r te is e n (1 9 6 3 )  w ent so  f a r  a s  to  s t a t e  t h a t  

c o m p le te ly  n o rm al a o r t i c  t i s s u e  c o n ta in s  c o n s id e r a b le

am ounts o f  - . i p id ,  and t h a t  t h i s  ^ ip o id a l  d e p o s i to r y  commences

even d u r in g  in f a n c y .

The q u a n t i t a t i v e  e s t im a t io n  o f  l i p i d  d e p o s i t s  i n  th e
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a o r t i c  w a ll o f  e lep h an t in d ic a te d  th a t  i t s  presence» 

confined  w ith in  th e  in tim a  of th e  su p p o rtiv e  th ic k e n in g s , 

ie  norm al in  f r e e l iv in g ,  w ild A frican  e lep h an ts  in  u n s tre ssed  

h a b i ta ts #  (Appendix 4 , pÿ/ 4%%  ̂ and c h . l l ,  pp to  4^3^ ) ,

In  th e  g e n e ra l survey  o f 44 o th e r  sp e c ie s  o f mammals, i t  

was r e a d i ly  d e te c te d  in  th e se  s i t e s  in  a l l  s p e c ie s , except 

z eb ra  and one o r two sm all c a rn iv o re s . Even one zebra  

showed t r a c e s  of in tim a i a o r t i c  l i p i d ,  and i t  may be sim ply 

th a t  th e  te ch n iq u es  used were inadequate  to  d e te c t  minute 

q u a n t i t i e s  o f l i p i d  m acro sco p ica lly . Since m icroscopic

exam ination  in  th e se  very  sm all specimens was u su a lly  

based on s i t e s  in  which x ip id  was f i r s t  m acroscop ia liy  

lo c a te d , i t  i s  p o s s ib le  th a t  the  p resence of l ip id  in  th e se  

p a r t i c u l a r  specim ens was indeed overlooked#

A nother co m p lica tio n  to  th e  in te r p r e ta t io n  o f the  

term  's u s c e p t ib le *  r e l a t e s  to  th e  u n iv e rs a l occurrence of 

e x te n s iv e  f a t t y  * smudges * ( le s s  cx early  dem arcated than 

' f a t t y  s tre a k s*  ) and in c reased  f a t t y  d e p o s itio n  in  th e  

s u p p o r tiv e  s tru c tu re s ,^  I t  seems reaso n ab le  to  th in k  th a t  

t h i s  i s  a  p h y s io lo g ic a l  p ro ce ss , r e la te d  to  th e  normal changes 

in  l i p i d  m etabolism  a s so c ia te d  w ith  la c ta t io n  and pregnancy, 

and hence w ith  i t s  hormonal c o n tro l (Boyd 1963; L ikar e l *1965;
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I 96I )  Moskowitz & W iBsler, X j6f. I 96I ) ,  a seaso n a l r e l a t 

io n  Bhip to  th e  occurrence of v a r ia t io n s  in  a r t e r i a l  

l i p i d  d e p o s it io n  oculd n o t he id e n t i f ie d  in  th e  p re se n t 

survey# A se a so n a l v a r ia t io n  in  l i p id  metabolism  h as, 

however, been dem onstrated  in  r a t s  (Thorp I 9 6 3 )#

The assessm en t o f th e  range of f r e e l iv in g  w ild sp e c ie s

's u s c e p t ib le *  to  atherom a must th e re fo re  be q u a lified #  A 
/

d i s t i n c t i o n  nees to  be drawn between what ap p e a r  to  be 
k

th e  p e r f e c t ly  norm al, p o s s ib ly  u n iv e rs a l ,  p h y s io lo g ica l 

d e p o s it io n  o f l ip id , ( a s s o c ia te d  w ith  the  normal musoulo- 

e l a s t i c  o s t i a l  c o l l a r s ,  ramps and r id g e s ,  and th e  'b an d s ' 

and 'th re a d s *  o f in te rm e d ia te  sitesj), and p^ho log ica l l ip id  

d ep o s itio n #

I t  seems i l l o g i c a l  to  r e le g a te  th e  m an ife s ta tio n  of 

what ap p ears to  be a normal p h y s io lo g ic a l p rocess to  th e  

ca te g o ry  o f a  p a th o lo g ic a l phenomenon# That th i s  p rocess 

nay become p a th o lo g ic a l  in  c e r ta in  c ircu m stan ces , however, 

i s  most p ro b a b le , and indeed fo c a l d eg en era tio n  o f th e  in tim a  

undoubted ly  ten d s  to  be lo c a lis e d  a t  th e se  very  s i te s #

The crux  o f th e  m a tte r  seems to  l i e ,  th e re fo re ,  in  th e  

e lu c id a t io n  of th e  c o n d itio n s , perhaps tra u m a tic , perhaps
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due to  d is tu rb e d  m etabolism , or perhaps even inflam m atory, 

which p r e c i p i t a t e  th e  o n se t of d eg en era tio n  a t  th e se  or 

o th e r  s i t e s #  In  d e f in in g  's u s c e p t ib i l i ty *  to  atherom a, 

th e r e f o r e ,  i t  seems most probable th a t  any anim al capable 

o f  d e p o s i t in g  l i p i d  in  th e  a o r t ic  in tim a a t  a l l ,  even as 

a  norm al p h y s io lo g ic a l  p ro ce ss , i s  's u s c e p t ib le '#

An even more p e n e tra tin g  q u es tio n  w ith  regard  to  

f r e e l i v i n g  w ild  an im als , and perhaps even to  man, i s * -  

j u s t  how f a r  can th e  environm ent d e v ia te  from th e  optim al 

'no rm ' to  whioh a g iven  sp e c ie s  i s  n a tu ra l ly  adap ted , b e fo re  

s t r e s s  f a c to r s  b eg in  to  o p e ra te  on (a )  in d iv id u a ls  w ith 

g e n e tic  o r  a g e -s t a tu s—h e a lth  weakness, (b ) th e  popu la tion  

u n i t?  And a t  what p o in t do th e se  s t r e s s  f a c to r s  begin to  

cause s u f f i c i e n t  a l t e r a t i o n  of th e  in te rn a l  environment -  

perhaps as  some kind o f psychosom atic r e a c tio n  -  to  d is tu rb  

norm al t i s s u e  m etabolism , in  th i s  case p a r tic u la r ly ^ jo f  

l i p i d  and m in e ra l s a l t s ?

As th e  su rvey  was c a r r ie d  in to  i t s  second phase, th e  

in v e s t ig a t io n  o f  th e  ecology of c a rd io v a sc u la r  d is e a s e  in  

e le p h a n t , i t  became c le a r  th a t  th e  o n se t of d eg en e ra tiv e  

changes in  th e  a r t e r i e s  could be tra c e d  to  com paratively  

e a r ly  s ta g e s  in  th e  d eg en era tio n  o f th e  h a b i ta t ,  and i t s
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se q u e la e  in  g e n e ra l im balance of th e  ecosystem  and changes 

in  th e  p h ysique  and behaviour of th e  species#

i i )  H ypothesis

In  view  o f  h y p o th esis  i )  (above), w hile i t  appears th a t  

some n a tu r a l ly  f ru g iv o ro u s  o r omnivorous groups (£•£• P s i t t a -  

c id a e , S u id a e ) a re  r e s i s t a n t  to  atherom a, o th e r, members 

o f th e s e  g ro u p s , n a tu r a l ly  gram inivorous or experim en ta lly
^  (S<

s e c o n d a r ily  fed  a Fram inivorous d ie t^  a re  a therom a-suscep tib le#

F ie ld  t e s t  r e q u ir e d t

Can a n a tu ra l ly -o c c u r r in g  s i tu a t io n  be found where

a f r e e l i v i n g  w ild  s p e c ie s , norm ally  omnivorous or

f ru g iv o ro u s , has become se c o n d a rily  gram inivorous and

i f  so , can any n u t r i t i o n a l  r e la t io n s h ip  be found between

th e  o ccu rren ce  o f a r t e r i o s c l e r o t i c  le s io n s  and th e

change o f  d ie ta r y  h a b it?

S ev e ra l n a tu r a l ly —o ccu rrin g  s i tu a t io n s  m eeting th e se

requirem ents^  were observed in  E ast A fric a  du ring  th e  f i r s t

phase o f th e  f i e l d  su rv ey , where re c o g n isa b le , com paratively

i s o la te d  com m unities were a s so c ia te d  w ith  d i f f e r e n t  h a b i ta t s ,
and

e x h ib i t in g  d i f f e r e n t  n u t r i t i o n a l^ s t r e s s  fa c to rs#  These 

in c lu d ed  c e r t a in  b ird  oommunities, chim panzees, baboons, 

g a lag o , and elephan t#



The b ird  com m unities were ru le d  o u t ,  how ever, f o r  th e  

purpose o f t h i s  s tu d y ,o w in g  to  th e  d i f f i c u l t y  o f age ing  

and re c o g n is in g  in d iv id u a l  w ild  b i r d s ,  and t h e i r  b a s ic  

egnatomioal' and p h y s io lo g ic a l  d i f f e r e n c e  from  mammals, and 

in  p a r t i c u l a r  man. The e x te n s iv e  s tu d y  o f chim panzee was 

o u t o f  th e  q u e s tio n  due to  th e  c u r r e n t  r a p id  d im in u tio n  in  

numbers o f th e  s p e c ie s  in  th e  w ild s . Wild baboons were 

a lre a d y  th e  s u b je c t  o f  in te n s iv e  s tu d y  by American and 

o th e r  w o rkers . The g a l ago was n o t favou red  by th e  D ire c to r  

o f  th e  N u ff ie ld  I n s t i t u t e  o f Com parative M edicine, under 

whose a u th o r i ty  th e  su rv ey  was c a r r ie d  o u t.

The A fr ic a n  e le p h a n t had a  g r e a t  many advan tages to  

commend i t  as a  s u i t a b le  s u b je c t  f o r  t h i s  p a r t i c u l a r  f i e l d  

t e s t  (Appendix 2. p b u t i t  a ls o  had obvbus d isad v an 

ta g e s .  N e v e r th e le s s , i t  was s e le c te d  by th e  N u ff ie ld  

I n s t i t u t e  o f  C om parative M edicine C a rd io v a sc u la r  Committee, 

a d e c is io n  whioh has proved to  be most rew ard in g . Not on ly  

d id  i t  p ro v id e  a  p o s i t iv e  answer to  th e  q u e s tio n  r a is e d  by 

h y p o th e s i s ( i i )  (above) and in d ic a te  th e  p o te n t ia l  v a lu e  

o f ex ten d in g  t h i s  ty p e  o f e c o lo g ic a l s tu d y  to  o th e r ,  ad d i

t io n a l  w ild  s p e c ie s ;  b u t a ls o  th e  m a te r ia l  f o r  th e  fo rm ula

t io n  o f a very  s im p le , new f i e l d  ag e in g  te ch n iq u e  f o r
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a
w ild  e le p h a n t .  I t  a l s o  threw  new l i g h t  on a t  l e a s t  

one a s p e c t o f  th e  c u r re n t  problem o f  w ild  e le p h a n t manage

ment in  A fr ic a n  N a tio n a l P ark a .

The f in d in g s  on th e  2nd h y p o th e s is  and f i e l d  t e s t  

a re  f u l l y  d is c u s se d  in  Appendix /): pp 63a to  

(S ik e s , in  p r e s s ) .

i l l )  H ypothesis

I t  ap p ea rs  th a t#

a )  an im als s u s c e p t ib le  to  atherom a a re  th o se  which under 

n a tu ra l  c o n d it io n s  would have an e s p e c ia l ly  la rg e  in ta k e  

o f v ita m in  C in  f r u i t s  o r  s h o o ts , b u t a rc  s e c o n d a r ily  

d ep riv ed  o f  i t ;

b )  a l l  th o se  (Man and th e  sub-human P rim a te s , g u in e a -p ig , 

p o u l try ) , ' known to  be u n ab le  to  s y n th e s is e  v ita m in  C, a re  

among th e  s u s c e p tib b  g ro u p s;

o) none o f  th e  r e s i s t a n t  sp e c ie s  i s  known to  r e q u ir e  

v itam in  C in  th e  d i e t ;

d ) th e  developm ent o f  a th e r o s c le r o s i s  i s  a s s o c ia te d  w ith  

h y p e rc h o le s te ro la e m ia , and blood c h o le s te ro l  le v e ls  can 

be low ered by th e  a d d i t io n  o f  c e r t a in  o f th e  u n s a tu ra te d  

f a t t y  a c id s  to  th e  d i e t ;
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e )  the organ resp o n sib le  fo r  the metabolism o f th e un- 

saturated  f a t t y  a c id s  i s  the adrenal, and th a t th is  gland  

req u ires v itam in  C fo r  the purpose ( R a t c l i f f s  & Cronin* 1958);

f )  the in crea s in g  p op u larity  o f  the em pirica l feed in g  o f  

sprouted g ra in s fo r  ca p tiv e  and experim ental rodents and 

some sp e c ie s  o f  b irds i s  due to  i t s  b e n e f ic ia l  p ro p e r tie s , 

supposedly d er iv in g  from the vitam in con ten ts which are  

high in  germ inating seed s;

g ) the vitam in  C requirem ents o f  d if f e r e n t  groups o f  

mammals and b ird s need r e -a p p r a isa l, the e s s e n t ia l  f a t t y  

a c id /a so o rb u tic  p ro p ertie s  o f a d ie t  per se  being an in 

s u f f ic ie n t  c r ite r io n ;  th e progress o f  the p h y s io lo g ic a l  

co n d itio n  o f ' f a t t y  streak ing* to  a p a th o lo g ic a l con d ition  

may reasonably be supposed to be a sso c ia ted  w ith  a change 

from a h igh vitam in d ie t  ( f r u i t ,  roo t^ , sh o o ts )  to

one o f  seed s or gra in s low in  th ese  n u tr it io n a l components, 

and p o ss ib ly  a n ta g o n is t ic  to  them.

F ie ld  t e s t  req u ired #

Can any n a tu ra lly -o ccu rr in g  e c o lo g ic a l s i tu a t io n  

be found, su g g estin g  a p o s s ib le  v ita m in -a r te r io s c le r o s is  

r e la t io n sh ip ?
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The f i e l d  con d ition s p r e v a ilin g  in  th is  survey were such  

th at i t  i s  q u ite  im p ossib le  to  be s p e c i f i c  about a v itam in -  

a r te r io s c le r o s is  re la tio n sh ip *  An ex ten sion  of the programme 

to in clu d e experim ental s tu d ie s  on, fo r  example, the ga lago , 

might have provided the con d ition s necessary  fo r  more s p e c i f i c  

in v e s t ig a t io n s  on th is  problem* As mentioned on p . 564, however, 

th is  proposal was deemed to  be inexpedient* N ev erth e less , as 

shown in  App. 4iP  606 ( s ik e s ,  in  p r e s s ) ,  there i s  an environ

mental c o r r e la tio n  between the extreme occurrence o f  medial 

c a lc i f ic a t io n  o f  the aorta  in  grassland  elephant and th e apparent 

absence o f d ie ta r y  c o n st itu e n ts  norm ally considered to  be vitamin- 

rich ; the occurrence o f a o r t ic  l ip id o s i s  inrscrubland elep han t, 

where d ie ta r y  c o n st itu e n ts  supposedly v ita m in -r ich  are reduced 

in  a v a i la b i l i t y ;  and the t o t a l  absence o f  medial c a l c i f i c a 

t io n  o f the aorta  and pathogenic a o r t ic  l ip id o s is  in  montane
i

elep h an ts, where the d ie t  i s  r ic h , v a r ied , and abundant, and 

presum^ably con ta ins a l l  e s s e n t ia l  n u tr it io n a l components in  

adequate amounts* 

iv )  H ypothesis

When w ild  animals are over-crowded in  an abnormally 

r e s tr ic te d  t e r r ito r y  and subjected  to  conditions inducing d is 

rupted in t e r -  and in t r a - s p e c i f ic  behaviour resp on se , they show 

s ig n s o f s t r e s s  having the e f f e c t  o f l im it in g  the population  

and reducing lo n g e v ity (R a tc l if f e  & Cronin 195®; F iennes 1963)*
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F ie ld  t e s t  req u ired i

Can any n a tu ra lly -o ccu rr in g  s itu a t io n  be found 

where a s tr e sse d  population  o f  a s in g le  s p e c ie s  can 

be compared with a n on -stressed  population? I f  so , 

i s  any r e la t io n s h ip  in d ica ted  th ere  between s t r e s s  

fa c to r s  and the occurrence o f  a r te r io s c le r o s is ?

The extreme over-crowding o f the elephant 

p opu lations and i t s  e f f e c t s  in  th e  degenerate grassland  

and scrubland h a b ita ts  has been d iscu ssed  a t len gth  in  

Appendix 4;Pp6o6to 653 (S ik e s , in  p r e ss )  and Appendix 7 

( s ik e s  19660) ,

What c o n s t itu te s 's tr e s s *  to  w ild A frican  elephant 

populations has been d iscu ssed  in  oh, II pp4^l to  4.53 ,

Buss & Savidge ( I 966) have shown th a t already fa c to r s  have 

begun to  operate in  one s e c t io n  o f  th e g r a s s la n d  elephant 

populations (namely Murchison F a lls  N ational Park, South 

K ile Bank p op u la tion ) reducing breeding r a te ,

I have in d ica ted  (Appendix ) th a t extreme a o r t ic  

medial c a lc i f ic a t io n  appears to  reduce lo n g ev ity  in  the  

populations The fin d in g s  o f  th is  su rvey , in  the case of  

the A frican  elephant stu d ied  in  th ree  d if fe r e n t  h a b ita t  

ty p es, seems c le a r ly  to  confirm the hypotheses o f  R a tc l i f f e
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and Cronin (195®) and Fiennes (1963) that overcrowding 
in abnormally restricted territory in conditions dis

ruptive to inter- and intra-specific behaviour tends to 
limit the population and reduce longevity.

In the case of the Afrioan elephant, relevant stress 
factors appear to bet

i) prolonged exposure to unmitigated sunlight;

ii) overpopulation; 
ill) a restricted diet; " -
iv) frustration of the migratory habit, associated 

with a breakdwpn of environmental conditions 
suited to the birth and nurture of young calves, 
and with boredom and lack of exercise for the 
adults.

Factors such as extreme changes of temperature and 
altitude, and irregular hunting did not appear to be 
stressful to healthy elephant populations living in a 
'natural* environment, but on the oontrary appeared to have 

bénéficiai effects, ^
It was mentioned above that two incidental findings 

,j:; of this survey have immediate practical relevance to curre it 
problems of elephant mauiagement in Africa, The first of 
these relates to the pressing need for a simple and reliable
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f i e l d  method fo r  a se e ss in g  and d eso r ib in g  the age o f  

l iv in g  elep han ts (by age-groups) and o f  elephant c a r ca sse s .

I t  i s  not p o s s ib le  on a v a ila b le  data to  a scr ib e  ages above 30 

years on any but an e n t ir e ly  arb itra ry  b a s is  to  the A frican  

elep han t. The term 'molar age' (jooined in  A fr ica  and 

cu rren tly  in  u se by game con tro l o f f ic e r s  and h unters) may 

by th is  method be aocu rate ly  a sse sse d . The s ta g e  reached  

in  the normal p rogression  o f the molars along the mandible, 

i s  describ ed  by r e la t in g  the p o s it io n  o f the auit&rior 

molar in  wear to the foramen m entale.

This may be re fin ed  fu rth er  by determ ining which 

lamina i s  cu rren tly  in  p o s it io n  over the foramen m entale. 

Thus, the'm olar age' and/or 'lam inary age' can be named.

If an arb itra ry  year-age i s  requ ired , th is  may, with  

reasonable accuracy, be applied  to  the m olar-lam inary  

assessm ent from the chart (p 3 /0  ) up to  30 years of age.

The method depends on the correct id e n t i f ic a t io n  o f the  

molars in  wear, d escribed  in  Appendix 6 ( s ik e s  1966b ) .

The second fin d in g  r e la t e s  to  the f a c t  th a t there  

i s  an in d ic a t io n  th a t advanôi& medial c a lc i f ic a t io n  o f  

the aorta occurs in  the Tsavo N ational Park m ainly in  male 

elephants o f under 25 years o ld , and in  nursing cows.
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I t  la  the molar age groups I\J1- V/5 th a t are a lread y most "V  "

a ffe c te d  by th e degeneration  o f  th e  h a b ita t , w h ile  groups 

? /5  and VI (se n io r  a d u lt s ) are l i t t l e  a ffe c te d  a t  p resen t. 

These are s t i l l  norm ally reproductive and c o n s is t  o f very  

f in e  s to c k , whereas the above group o f  su b -ad u lts and 

prime a d u lts  ( lV /l# V /5 )  con ta ins some very poor s to c k , as ^  

assessed  during autopsy measurement and on the hoof, and 

compared w ith animals In the eq u iva len t montane age-groups. 

The onset^’ o f  the e f f e c t s  o f  h a b ita t degeneration  on th ese  

elephants may thus be traced  approzim ately to  the beginning  

o f the Second World War, -  I . e .  when Incursions In to  the  

co a sta l f o r e s t s  f i r s t  became ex ter is lv e , and when in te r 

feren ce  w ith the natural water su p p lie s  In the arid  Tsavo 

area and environs f i r s t  began to  show th e ir  e f f e c t s .

There i s ,  th e r e fo r e , an in d ica tio n  here th a t , although  

the apparent a d a p t ib l l i t y  o f  in d iv id u a l l iv in g  elephants  

to degeneration  o f the environment may be tem porarily  

remarkably e f f e c t iv e ,  the long-term  e f f e c t  on the whole 

population  and subsequent generation  may prove to  t e  

u lt im a te ly  ir r e v e r s ib le .  Younger an im als, now d evelop ing  

and maturing In a d egenerating environment, seem to show 

early  p h y sica l d e fe c ts  which may reduce the v ia b i l i t y  and
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lo n g ev ity  o f  the whole p op u la tion . Thio has a lready been 

shown to  be th e case in  Uganda grassland  elephants (Buss & 

Savidge 1966) ,  and in  the case o f the Tsavo elep han ts the 

r e s u lt s  o f t h is  survey su g g est th a t an ea r ly  s ta g e  in  a 

s im ila r  p rocess has already been reach ed . The in escap ab le  

im p lica tio n  o f  th ese  f in d in g s  in  r e la t io n  to  elephant 

ecology i s  th a t the n atural p rocesses which may tend 

to overcome imbalance between elephant population  and 

h ab ita t i )  begin  to  operate a t  a very ear ly  s ta g e  in  

h a b ita t d egeneration; i i  ) s t r ik e  f i r s t  a t  the younger

age groups. % j
Ï '  '
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SUMMARY

A f i e l d  s u rv e y  was c a r r i e d  o u t  i n  E a s t  A f r i c a  by th e  

a u th o r  i n  w h ich  f i e l d  t e s t s  w ere  made on th e  b a s i s  o f  f o u r  

h y p o th e s e s  r e l a t i n g  to  a r t e r i o s c l e r o t i c  o c c u r r e n c e s  o b se rv e d  

i n  c a p t iv e  mammals and b i r d s .

The s u rv e y  was c a r r i e d  o u t  i n  two p h ases*  i )  a  g e n e r a l  

su rv e y  o f  s u s c e p t i b i l i t y  t o  c a r d io v a s c u la r  d i s e a s e ,  i n  w hich  

43 s p e c i e s  o f  f r e e l i v i n g  w ild  mammals and  25  s p e c i e s  o f  b i r d s  

w ere exam ined ; i i )  an  i n t e n s i v e  s u rv e y  o f  th e  e c o lo g y  o f  

f r e e l i v i n g  w ild  A f r ic a n  e le p h a n ts  i n  t h r e e  d i f f e r e n t  h a b i t a t  

ty p e s  (o n e  'n a t u r a l *  and two ' s t r e s s e d * ) . ( I n t r o d u c t i o n ) .

PART I  ( V o l . I )

1 . D i f f i c u l t i e s  o v e r  th e  v a r i a b l e  u s e  o f  t h e  te rm s  

' a r t e r i o s c l e r o s i s '  a n d 'a t h e r o s c l e r o s i s '  i n  c o m p a ra tiv e  

m e d ic in e  w ere  n o te d ,  and  t h e i r  u se  th ro u g h o u t  t h i s  su rv e y  

d e f in e d .  Ho a t t e m p t  was m ade, h o w ev er, to  r e l a t e  th e  

f i n d in g s  d i r e c t l y  to  e x i s t i n g  t h e o r i e s  on th e  b io c h e m ic a l  

n a tu r e  o f  th e  p a th o g e n e s is  o f  a th e ro m a  i n  man. The em p h asis  

h e re  i s  p r i m a r i l y  e c o l o g i c a l i  th e  r e l a t i o n s h i p  o f  c a r d io 

v a s c u la r  d i s e a s e  t o  t h e  c o n d i t i o n  o f  th e  e n v iro n m e n t ( C h . l ) .

2 .  E m phasis th ro u g h o u t  was p la c e d  on th e  im p o r ta n c e  

o f  c o l l e c t i n g  sp e c im e n s  on w hich  a  good ra n g e  o f  f i e l d  d a ta  

was a v a i l a b l e ^ ;  a u to p s y  c o u ld  be  p e rfo rm e d  im m e d ia te ly ;  

and from  w h ich  se ru m , t h e  w hole  undam aged h e a r t ,  a o r t a  and 

sa m p le s  o f  o t h e r  m u sc u la r  a r t e r i e s  c o u ld  be  c o l l e c t e d  and 

t r e a t e d  s u i t a b l y  f o r  s u b s e q u e n t  s tu d y .  A r e f e r e n c e  

c o l l e c t i o n  o f  r o u t i n e  sa m p le s  o f  b t h e r  t i s s u e s  f o r
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h is to lo g y , data on body measurements, and m ateria l fo r  

ageing the specimen* wae com piled. Subsequent laboratory  ' 

exam ination o f the m ateria l included q u a n tita t iv e  estim a tio n s  

of a o r t ic  l ip id  and Calcium d ep o s its  in  e lep h an t, para

f f i n  and frozen  m icro-b ection in g  and s ta in in g  o f a l l  t is s u e s  

by ro u tin e  tech n iq u es. More d e ta ile d  h isto p a th c lo g y  and 

h istoch em istry  was o u ts id e  the scope o f  th is  survey (Ch.2 ) .

3 . The environment fr^m which the specimens were 

c o lle c te d  in  the f i r s t  phase o f the survey included s i x  

d is t in c t  h a b ita t ty p es .

The s e le c t io n  o f th ese  specimens fo r  c o l le c t io n  was
* ' 1 ’ ’ ,

based on somewhat broad ageing and s ta tu s  c r i t e r ia ,  but 

th ese  g en era lly  proved appropriate to  the b a sic  requirem ents.

A n a ly tica l specimen -  s ta tu s  -  h a b ita t l i s t s  were drawn up
* ♦

( c h .3 ) .  1 r

4 . P a ra site s#  th e  p a r a s ite  c o l le c t io n  i s  l i s t e d ,  and 

a few in te r e s t in g  oaLes in v o lv in g  the card iovascu lar system  

are d escr ib ed . (Ch.4 )#

5 . Blood serum was c o lle c te d  and analysed by various
.

techniques by d if f e r e n t  workers. The r e s u lt s  are tabu lated  

in  ch. 5 .

6 . The techn iques fo r  the exam ination and. d e sc r ip tio n
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o f  cardiovaaoular m ateria l from a l l  s p e c ie s , other than 

elep h an t, are. described  in  ch. 6 . I t  was found necessary  

to r e d e fin e  the word " su sc e p tib ility *  in  r e la t io n  to  

apparent a r t e r io s c le r o t ic  d ise a se  in  f r e e l iv in g  w ild
1M» WOA

animals,/^ because the presence o f in tim a i su dan op h ilic  

m ateria l a sso c ia te d  w ith normal anatom ical a r t e r ia l  support

iv e  th ick en in gs appeared to  be alm ost u n iv e r sa l, i t s  absence 

at th ese  s i t e s  being the excep tion  ra th er  than the r u le .

I t  was a ls o  found th a t th ese  normal su pp ortive th ic k -  ib  

enings o f the a r t e r ie s ,  a n d ^  p a r ticu la r  o f th e a o rta , 

apparently p o sse ss  s p e c i f i c  anatom ical c h a r a c te r is t ic s  

whioh seem to  have a fun^ ional r e la t io n s h ip  to  the h ab its  

o f the s p e c ie s .  In an extreme oaue, the k lip sp r in g er ,  

the su pp ortive  th ick en in gs o f  the aorta  in  the reg ion  o f  

the o r ig in s  o f  th e coeliacan d  a n ter io r  m esenteric a r te r ie s  

(common o r ig in )  afKi the two renal a r te r ie s  (common o r ig in )  

are apparently m odified to  form a ,v a lv e ^ lik e  s tr u c tu r e ,  

which may be capable o f  d iv e r tin g  the main blood flow  to  the
I

v isc e r a  during browsing w h ile  in  a v e r t ic a l  p o stu re , and to  

the hind lim bs during rock v a u lt in g . In th is  s p e c ie s ,  

the o s t ia  o f  the in te r c o s ta l  a r te r ie s  are red u ced .in  number,
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s l a n t e d  d i a g o n a l l y  to  th e  l o n g i t u d i n a l  a x i s  o f  t h e  a o r t a ,  

fiuid g u a rd e d  b y .a  c u s p - l i k e  c o l l a r ; ,  and th e  o s t i a  o f  th e  

b ra n c h  a r t e r i e s  w ere  a b s e n t  i n  th e  ab d o m in a l a o r t a .

F a i l u r e  to  l o c a t e  d e t a i l e d  d e s c r i p t i o n s ’ o f  t h e  anatom y 

o f  th e  a o r t i c  o s t i a  i n  th e  l i t e r a t u r e  o f  m edicine o r  com para

t i v e  an a to m y , and  th e  in a d e q u a c y  o f  th e  te rm s  v a r i o u s l y  

in t r o d u c e d  by th e  few  a u th o r s  who h av e  n o te d  th e  p e c u l i a r  

anatom y o f  t h e  o s t i a  i n  c o m p a ra tiv e  c a r d io v a s c u la r  s t u d i e s ,  

n e c e s s i t a t e d  t h e  c o in in g  o f  f i v e  te rm s  to  d e s c r i b e

th e  f i v e  m ain  VGuriants o f  n o rm al s u p p o r t i v e  th ic k e n in g s  

w hich  may be  e n c o u n te re d  i n  a  s i n g l e  a o r t a ,  n am ely :

' o s t i a l  c o l l a r s ' ,  'r a j n p s ' ,  and ' r i d g e s ' ;  and 'b a n d s ' and 

' t h r e a d s ' •

An a n a l y t i c a l  l i s t  t a b u l a t i n g  th e  o c c u r r e n c e s  o f  no rm al 

a r t e r i a l  l i p i d  d e p o s i t s ,  a r t e r i o s c l e r o s e s ,  a th e r o m a - l ik e  

l e s i o n s ,  and a r t e r i t i d e s  fo u n d  i n  th e  sp e c im en s  c o l l e c t e d ,  

i s  g iv e n  i n  c h . 6 . C om parab le  o c c u r r e n c e s  i n  ta z o n o m io a lly  

e q u iv a le n t  g ro u p s  o f  c a p t iv e  a n im a ls  a r e  a l s o  i n d i c a t e d .

7* A few  i n t e r e s t i n g  t r a u m a t i c  and p a t h o l o g i c a l  

c a s e s  a r e  m e n tio n e d . ’ •

/ part I I
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8 ,  T e c h n iq u e s  p e c u l i a r  to  sp e c im en  and d a t a  c o l l e c t i o n ,  

a u to p s y  p r o c e d u r e ,  and th e  e x a m in a t io n  o f  m a t e r i a l  i n  th e  

c a s e  o f  A f r i c a n  e le p h a n t s  a r e  d e s c r ib e d  ( c h .8 ) .

9* The s e l e c t i o n  o f  t h r e e  d i f f e r e n t  h a b i t a t  ty p e s  

(o n e  t h e  ' c o n t r o l '  o r  ' n a t u r a l ' ty p e ;  two 'd e g e n e r a te *  

o r  ' s t r e s s e d ' ) ,  and some d e t a i l  a s  to  t h e i r  g e o lo g y ,,  h y d ro 

lo g y , c l i m a t e ,  and  v e g e t a t i o n ,  i s  g iv e n .  The p l a n t s  named 

a r e  th o s e  w h ich  a r e  known to  be  u se d  by e le p h a n t  f o r  fo o d  

a n d /o r  p r o v id e  sh a d e  a t  m id d ay , and p r iv a c y  f o r  c a l v in g .

The ch an g e s  i n  m ig r a t io n  and  b r e e d in g  h a b i t s  o f  e le p h a n t  

c o n se q u e n t upon  econom ic  and  s o c i a l  d e v e lo p m e n ts  i n  E a s t  

A f r i c a  w ere  i n v e s t i g a t e d  i n  some d e t a i l  i n  o r d e r  to  d i s 

c o v e r  w hich  ty p o s  o f  s t r e s s  r e a l l y  a f f e c t  e le p h a n t  popu

l a t i o n s  and w h ich  do n o t  ( o h .9)*

1 0 . The n e e d  f o r  a  s im p le  r e l i a b l e  fo rm u la  f o r  t h e  

a s s e s s m e n t  and  d e s c r i p t i o n  o f  a g e  i n  th e  A f r ic a n  e le p h a n t  

becam e a p p a r e n t . ,  _ A new te c h n iq u e ,  b a se d  on m o la r  e r u p t i o n ,  

b u t  d i f f e r i n g  r a d i c a l l y  fro m  p r e v io u s  m e th o d s , wss t h e r e f o r e  

d e r iv e d  fro m  th e  a g e in g  m a t e r i a l  o f  t h e  c o m p le te  a g e  s e r i e s  

exam ined i n  t h i s  s u rv e y  and h a s  b e e n  d e s c r ib e d  ( S ik e s  I 9 6 6 ) .  

When a d d i t i o n a l  d a t a  w ere  p u b l is h e d  by Laws ( I 9 6 6 ) ,  i t  was
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fo u n d  t h a t  th e y  c o in c id e d  a lm o s t  f l a w l e s s l y  w ith  t h e  d a t a  

from  t h i s  s u r v e y ,  and i t  was p o s s i b l e  to  d raw  a  c o m p le te  ' 

a g e - r e f e r e n c e  c h a r t ,  s u i t a b l e  f o r  g e n e r a l  f i e l d  u s e ;  

b a sed  on t h e  com bined d a t a  d e r iv e d  from  m a t e r i a l  from  

o v e r  400 e le p h a n t s  ( c h . 10)»  ' s*- ------ '

1 1 . Two m ain  m a n i f e s t a t io n s  o f  c a r d i o v a s c u l a r  d i s e a s e  

w ere d i f f e r e n t i a t e d  i n  f r e e - l i v i n g  w ild  A f r ic a n  e le p h a n t*

i )  A t h e r o s c l e r o s i s ;  a th e ro m a to u s  l e s i o n s  in c lu d e d  th e  

o c c u r re n c e  o f  s im p le  'b u t t o n s ' ,  w i th  i n t i m a i  s u b e n d o th e l i a l  

h y p e r p l a s i a  and  d i s r u p t i o n  o f  t h e  i n t e r n a l  e l a s t i c  l a m e l l a ;  

s t r e a k s  c o n ta in in g  s u b e n d o t h e l i a l  l i p i d  d e p o s i t s  and d i s 

r u p te d  i . e . l . ;  co m p lex , th ic k e n e d  p la q u e s  w ith  i n t e r -  and 

i n t r a - c e l l u l a r  l i p i d  d e p o s i t s ,  m u sc le  c e l l  and f i b r o b l a s t  

h y p e r p l a s i a  and d i s r u p t i o n  o f  th e  i . e . l .  som etim es w ith  

m in e ra l  d e p o s i t i o n  and m e ta p la s i a ;  and  f i n a l l y  l a r g e  

h a e m o rrh a g ic  l e s i o n s ,  i i )  M e d ia f  c a l c i f i c a t i o n .

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

and r i d g e s ,  and  i n t e r m e d i a t e  b ands and th r e a d s  i s  u n i v e r s a l  

i n  n o rm al e l e p h a n t s ,  w h e rea s  th e  p r e s e n c e  o f  c a l c i f i c  d e 

p o s i t s  i s  a b n o rm a l. A o r t i c  h y p e r l ip a e m ia ,  .unaccom pan ied  

by d e g e n e r a t iv e  c h a n g e s , a p p e a rs  to  be  a  n o rm al p h y s i o l o g ic a l  

o c c u r re n c e  o f  p r e g n a n t  a n d /o r  l a o t a t i n g  e l e p h a n t s .
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A th e ro m a to u s  l e s i o n s  w ere  u s u a l l y  m ost e x te n s iv e  i n  

th e  a o r t i c  a r c h ,  s p r e a d in g  i n t o  p o r t i o n . I  o f  th e  a o r t a ,  

and a t  t h e  b i f u r c a t i o n ,  s p re a d in g , i n t o  p o r t i o n  IV and even  

p o r t i o n  I I I .  ' They a l s o  o c c u r re d  i n  a  few  c a s e s  i n ’ th e  

c o ro n a ry  a r t e r i e s .  I n  some o a se s  p a r t i a l  o s t i a l  o c c lu s io n  

was fo u n d . I n  c o n t r a s t ,  m e d ia l c a l c i f i c a t i o n  o c c u r re d  

m a in ly  i n  t h e  m u sc u la r  p a r t  o f  th e  a o r t a  and l a r g e r  m u sc u la r  

a r t e r i e s ,  b u t  a  few  e x tre m e  c a s e s  w ere  fo u n d  w here  i t  

e x te n d e d  th ro u g h o u t  t h e  a o r t a , '  i n c l u d i n g  ^the a o r t i c  a r c h  

and c o ro n a ry  a r t e r i e s .  I n  some c a s e s  i t  c a u se d  t o t a l  

o c c lu s io n  o f  t h e  o s t i a  o f  s m a l l e r  b ra n c h  a r t e r i e s  o f  t h e  

a o r t a .  ' ’

The p a th o g e n e s is  o f  a t h e r o s c l e r o s i s  and m e d ia l  c a l c i -  
f* bt

f i c a t i o n  ere o u r ro d  in d e p e n d e n tly ^  b u t  seem ed to  be  c o r r e l a t e d  

w ith  t h e  d g r e e  o f  h a b i t a t  d e g e n e r a t io n  and p r o b a b ly  r e f l e c t e d  

th e  r e s t r i c t e d  d i e t ,  »,the e x c e s s iv e  e x p o s u re  to  s u n l i g h t ,  and 

s t r e s s e s  d u e  to  o v e r p o p u la t io n ,  f r u s t r a t i o n  o f  t h e  m ig r a t io n  

u r g e ,  and d e n i a l  o f  a c c e s s  to  f o r e s t e d  c a lv in g  f o u n d s . ( c h . 11)<

1 2 . A few  i n t e r e s t i n g  o a se s  o f  tra u m a , c o n g e n i t a l  

a b n o r m a l i t i e s ,  and  o t h e r  p a t h o l o g i c a l  o c c u r r e n c e s  i n  

e le p h a n t  a r e  m en tio n ed  ( o h . 1 2 ) .
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FIELD EQUIPMENT LIST 

( a s  u se d  i n  se co n d  p h a se  o f  f i e l d  w ork)

1 . Two L a n d ro v e r t r u c k s , 109 i n s .  w h e e lb a se»

One f i t t e d  w ith  d o u b le  a lum in ium  r o o f  and 2*

w ire  mesh s i d e s ,  l o c k in g  r e a r  d o o r s .  F i t t i n g s  i n c l u 

ded r e g u l a t i o n  g u n - s a f e ,  r o o f  s h e lv e s  f o r  csumeras, 

am m un ition  e t c . ,  r a c k s  to  h o ld  10 4Ît g a l#  c a p a c i ty  

j e r r y  c a n s  c o n ta in in g  16 g a l s  w a te r ,  l6  g a l s  p é t r o l ,

4 g a l s  k e r o s i n e ,  4 g a l s  4 0 ^  fo rm a ld e h y d e , p lu s  4 g a l s  

i n d u s t r i a l  s p i r i t  and 4 g a l s  a c e to n e ;  one ^  cu f t .  

c a p a c i ty  r e f r i g e r a t o r ,  l a t e r  r e p la c e d  by   ̂ l b  and 10 l b  

c a p a c i ty  C arbon  d io x id e  c y l i n d e r s ,  and one s p a r e  b a t t e r y .

The o t h e r  v e h i c l e  was a  s t a t i o n  wagon and c a r r i e d  

10 g a l s  p e t r o l  and 10 g a l s  w a te r ,  and  was u se d  p r i m a r i l y  

f o r  t r a n s p o r t  o f  p e r s o n n e l ,  sp e c im en s  and camp equ ipm en t.

2 . Armoury

One .4 5 0  c a l .  D/B r i f l e

One .375 oal. mag. r i f l e

One 1 2 -b o re  D/B s h o tg u n , w ith  .4 1 0  a d a p to r

One .2 2  r i f l e  f i t t e d  w ith  t e l e s c o p i c  s i g h t .
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f  ,

3 . P r o c e s s in g  b o x e s , f l a s k s  and p a c k s  ( a s  p re p a re d  

f o r  e a c h  d a y 's  w o rk ) .

A. One h a v e r s a c k  f o r  b lo o d  and e y e -1 e n s  c o l l e c t 

i n g ,  a d e q u a te  f o r  5 a n im a ls .

i )  60  s h o u l d e r l e s s  10  ml c a p . p o ly th e n e  b o t t l e s  

w i th  h in g e d  l i d s .

i i )  F iv e  p o ly th e n e  b lo o d  w ith d ra w a l  s y r in g e s  

( s t e r i l i s e d  and s e a le d  i n  p o ly th e n e  b a g s ) .

i i i ) T e n  s t e r i s e a l  20  ml c a p . s y r in g e s  w ith  20
t

serum  n e e d l e s .

i v )  M ark ing  p e n s  and  p e n c i l s .

v )  Two s i z e s  s c a l p e l  h a n d le s  and  s p a r e  b l a d e s .

v i ) M e a su rin g  t a p e .

v î î ) T e n  sp e c im en  tu b e s  c o n ta in in g  R ic h a r d s o n 's  

F lu id  f o r  c o l l e c t i n g  e y e - 1 e n s e s .

v i i i )  One box m i c r o - s l i d e s  f o r  b lo o d  s m e a rs .

B. O n e ,p ly w o o d , f i t t e d  p r o c e s s in g  b o x , c o n ta in in g :

i )  R o l l  o f  d i s s e c t i n g  i n s t r u m e n t s .  ^

i i )  100  p o ly th e n e  sp e c im en  tu b e s  c o n ta in in g  10)6 

f o r m o l - s a l i n e .

i i i )100  p o ly th e n e  b a g s  (4  s i z e s ) .
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i v )  T h re e  r o l l s  o f  s e l l o t a p e  f o r  s e a l i n g  p o ly 

th e n e  b a g s .

v )  B u n d les  o f  p l a s t i c  l a b e l s ,  and two r o l l s  o f  

f i n e  l a b e l l i n g  w i r e .

v i )  100 5-m l and 10-m l c a p a c i ty  s t e r i l e  p o ly 

s t y r e n e  serum  tu b e s .

v i i ) 0 n e  500-m l c a p a c i ty  b o t t l e  m e th y lr  a lc o h o l  ' 

and one b o t t l e  G iem sa s t a i n  f o r  b lo o d  s m e a rs .

v i i i )  30 s t i f f ,  12 X 9" p o ly th e n e  m o u n tin g  b o a rd s .

i x )  One l a r g e  and  two s m a ll  lo n g -a rm  s t a p l i n g  

m ac h in e s  w ith  s p a r e  s t a p l e s .

x )  S u n d ry  m in o r i t e m s ,  e . g .  s t r i n g ,  r u b b e r - b a n d s ,  

10 gm p a c k s  o f  Sodium c h l o r i d e  e t c .

C. One l a r g e ,  3 - t i e r  th e rm o s f l a s k ,  c o n ta in in g  

f r e s h  i c e  i n  a l l  co m p artm en ts  -  ( a f t e r  serum  

s e p a r a t i o n ,  t h e  c e n t r e  t i e r  was u se d  f o r  serum  

s t o r a g e ,  and th e  i c e  r e p la c e d  by  'd r y  i c e '  from  

the" c a rb o n e ig e  m ach in e  a t  t h e  b a s e  camp; a l t e r n a 

t i v e l y ,  t h e  serum  was t r a n s f e r r e d  to  th e  p o r t a b l e  

f r i d g e ) .

D. One plyw ood p r o c e s s in g  box  c o n ta in in g #

i )  P o ly th e n e  d i s h e s ,  t r a y s ,  and s m a ll  b u c k e t s .
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i i )  S k in n in g  k n iv e s ,  r a s p s ,  h o n e s , b u t c h e r s '  

bone c h o p p e rs  and sa w s , i n s e c t i c i d e  s p r a y s ,

Vim, s o a p ,  r u b b e r  g lo v e s ,  d e t t o l ,  a p ro n s ,  

to w e ls ,  d i s h - c l o t h s  e tc *

4# Weighing equipment
A. F o r le x g e  a n im a ls#

i )  T r ip o d  l e g s  and head  ( s i k e s  I 966 b , p .2 8 2 ) .

i i )  One c h a in  b lo c k  and t a c k l e .

i i i ) 0 n e  1 2 -cw t S a l t e r  s c a l e .

B. F o r  s m a l l  a n im a ls ,  le i rg e r  i n t e r n a l  o rg a n s  e t c .#  

One 60 - l b  S a l t e r  s p r i n g  s c a l e .

C. F o r  v e ry  s m a l l  a n im a ls  euid b i r d s ,  and d e l i c a t e  

o rg an s#  One t r ip l e - b e a m  b a la n c e  (O haus) 610  g .  

c a p a c i t y ,  k e p t  i n  s p e c i a l l y  f i t t e d  plyw ood 

t r a v e l l i n g  b o x .

5 . Sundry t o o l s  and eq u ip m en t

A. F o r  l a r g e - a n im a l  a u to p s ie s #

One b ag  c o n ta in in g  f o u r  4 - f t  lo n g  v i s c e r a  h o o k s; 

T w elve p a n g as  ( E a s t  A f r ic a n  m a c h e te s ) ;  two lu m b er

j a c k  a x e s ;  30 f t .  heavy  s t e e l  c h a in ;  50 f t  n y lo n  

c l im b in g  ro p e ;  a  r e e l  o f  c o t to n  p i c t u r e  c o rd  (u se d  

f o r  t y i n g  o f f  i n t e s t i n e s  f o r  w e ig h in g ) .
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B. One box  c o n ta in in g  v e h i c l e  r e p a i r  t o o l s  and 

s p a r e s .

C. One b a g , c o n ta in in g  1 cw t f i n e ,  co m m erc ia l s a l t .

Dm C anvas aw ning  f o r  shawling th e  p r o c e s s in g  wok

and e q u ip m en t a t  t h e  c a r c a s s .

£• Two folding tables and stools.
6. Camp equipment

T h re e  t e n t s  (o n e  f o r  a s s i s t a n t s ,  one f o r  s t o r 

a g e  o f  sp e c im e n s  and e q u ip m e n t, one f o r  t h e  a u t h o r ) ;  

one arm y b iv o u a c  t e n t  f o r  e m e rg e n c ie s  and when an  

o v e r n ig h t  g u a rd  had to  be k e p t  a t  th e  c a r c a s s .

Sundry accessory camp k i t  and food supplies.
7# Photographic equipment and binoculars

A s a h i-P e n ta x  35 mm e a rn e ra -b o d y , w ith  i n t e r 

c h a n g e a b le  55 mm and 300 mm l e n s e s ,  m ounted l i g h t -  

m e te r  and f i l t e r s .

Binoculars 6 x  24 "Alpin 160" ( l e r n ) .

8 .  M aps# As s u p p l i e d  by th e  G overnm ent S u rv ey  D e p a r t

m ent map o f f i c e s  i n  N a iro b ^ an d  K am pala.

9* P e r m i t s : As i s s u e d  by  P o l i c e ,  Game and P a rk s  D e p a r t

m en ts o f  t h e  Kenya and Uganda G o v ern m en ts .



Field record : NUFFIELD INST. COMPAR. MED. Spec. No.

S P E C I E S
Sex

Date

Locality
niOFAX RE6O. TRADE MARK

Bdy. tem p. Age gp. estim ate
Bdy. w t.

Lgth. n / t .

Hd. lgth. 

Hd. w dth.
Sex sta tu s/cond lt. -----

Ear wg. span

N eck

Back H erd composition

T^ll

G irth
a
Ô Ht. w thrs.
z
z F. leg H abitat type
0k. H. leg
Z
§ H orns: tips
z
0
J s tr . Fd./w ater availability
< curve

rings

% base
1

Season/climate

Scars In). 1 i 
1 '  1

C olour I

! Stress factors

Samples taken:

Lens

Baculum -

Serum C apture/kill:

Bl. sm. thk . tim e

Bl. sm. thn . ammo.

M arrow  sm. distance

Ectopar posit, bullet ^ h  . Ï ■ ’

Endopar o th e r

Skin

a



O rgan/tiss. W t. Histol.
Smpl.

Large
Smpl. Photo Renmrk#

C arotid  a. 

T hy r./pa ra th . 

Brachial a. 

Iliac a.

Fern. a.

H eart

Pericardium  

C oronary  a. 

A orta.

Renal a.

M esent a.

C erebral a.

Lung

Liver

Spleen

Kdy.

A dr. gl. R.

„  ,, L.

O v ./te s t R.

.. .. L.
Mamm. gl.

U terus.

Placenta

Foetus

St./cr. gizz.

Stom . cont.

Pancreas

Small int.

Caecum

C ol./rec t.

Faeces

U rine pH.

Pitu itary

Brain

T eeth COLLECTOR 
S. K. SIKES



-  51%

APPENDIX 2 ,

The Z o o lo g ic a l  S o c ie ty  o f  London 

THE NUFFIELD INSTITUTE OP COMPARATIVE MEDICINE

REPORT (A b r id g e d )  

to  th e  C o rd io v a s o u ia r  R e se a rc h  C om m ittee

by

MisB S . K. S ik e e  

7 th  O c to b e r  I 964

G e n e ra l

I n  t h e  s e v e n  m o n th s , F e b ru a ry / S e p te m b e r , 1 9 6 4 , s p e n t  

in  Kenya and  U ganda, I  exam ined  84  mammals (3 5  s p p )  and 26 

b i r d s  (1 8  s p p ) .  T h e s ^  w ere  c o l l e c t e d  i n  game p a r k s ,  h u n t

in g  a r e a s ,  n a t i v e  p a s t u r e  l a n d s ,  and E uropean-ow ned  r a n c h e s .  

As Î8LT a s  p o s s i b l e ,  o l d e r  a n im a ls  w ere  c a r e f u l l y  s e l e c t e d ,  

and y o u n g e r  o n e s  g e n e r a l l y  ig n o r e d .  In  p u r s u in g  t h i s  

p o l i c y ,  I  had  i n  mind n o t  o n ly  th e  f a c t  t h a t  o u r  m ost l i k e l y  

c a n d id a te s  f o r  a th e ro m a  f i n d in g s  w ould b e  e l d e r l y ,  b u t  a l s o  

t h a t  we s h o u ld  r e s p e c t  t h e  a t t e m p ts  o f  game d e p a r tm e n ts  

and p a rk s  to  c o n s e rv e  w ild  l i f e .

U n f o r tu n a t e ly ,  w o rk in g  th ro u g h o u t  t h e  r a i n y  s e a s o n ,  

we a l s o  had  to  c o n te n d  w ith  im p a s s a b le  t r a c k s ,  g e t t i n g  s t u c k  

in  th e  mud, th e  r a t h e r  w id e s p re a d  m ovem ents o f  a n im a ls ,  and 

th e  u n p le a s a n tn e s s  -  o f t e n  i m p o s s i b i l i t y  -  d f  d o in g  p o s t 

m ortem s i n  mud and r a i n .  I t  a l s o  m ean t t h a t  t h e  f o r e s t s  

were i n a c c e s s i b l e  to  u s ,  so  p r im a te  and p e ir ro t  c o l l e c t i o n  

was p r a c t i c a l l y  o u t  o f  th e  q u e s t io n .
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On arrival in East Africa, some resistance towards 
scientific collecting was noticed, especially in Uganda, 
where there is a feeling among Government personnel that 
sometimes inexperienced and irresponsible groups of 
scientific collectors had shot out game somewhat in
discriminately and inefficiently. In the circumstances,
I felt sure that the right approach should be one of 
very selective collecting and clean killing.
Co-operation with other workers

Since there should be considerable advantages to be 
derived from co-operation with other scientific workers 
on cropping and research schemes, and this is enjoined 
by game departments, I spent some time with the members 
of the Nuffield Unit of Tropical Animal Ecology (the 
NUTAE) at Mweya, Queen Elizabeth Park. I found, however, 
that their technique was to handle a large number of 
specimens of one kind of animal simultaneously - thus 6 
warthog were shot cuid examined, and the carcasses removed 
within 3 hours; 26 hippo were shot, examined, sold and 
out up as meat, in 7 hours. In these circumstances it 
was quite impossible to obtain the parts of the specimens 
I needed, in the condition required, or the supporting 
data, or consistent measurements.

Working with John Savidge and his wife on the 
scientific elephant cropping at Jîurchison was, in contrast, 
extremely valuable, as full co-operation was possible, and 
I had the benefit of the assistance of his own well-trained 
team of Africans and his equipment. On another occasion, 
in Kenya, I was asked to allow a young American research
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worker and h i s  w ife  to  accompany me, so as to  g iv e  them 

an id e a  of camping and f i e l d  c o l l e c t i n g .  They wanted 

on ly  one k id n e y | and u r in e  and serum samples from each 

anim alI so t h i s  was a v e ry  happy and v a lu a b le  a r ra n g e 
ment.

Dr. H arthoorn  of th e  P r e - C l in ic a l  School o f  th e  
F a c u l ty  of V e te r in a ry  S c ie n ce , U n iv e r s i ty  C o lleg e ,
N a iro b i ,  has g iv en  in v a lu a b le  a s s i s t a n c e  i n  p la c in g  a 
w e ll-eq u ip p ed  o f f i c e  and la b o r a to ry  a t  my d i s p o s a l .

He i s  f u l l y  p rep a red  to  o f f e r  th e  f a c i l i t i e s  of h i s  
h i s to lo g y  room, and th e  s e r v ic e s  o f  h i s  t e c h n ic ia n ,  
su g g e s t in g  t h a t  we, on our s id e ,  a l lo w  him to  have 
samples o f  normal t i s s u e s  from specim ens f o r  b u i ld in g  

up a l i b r a r y  of normal t i s s u e s  from w ild  an im als . I  am 
most g r a t e f u l  to  him f o r  h i s  h e lp  i n  t h i s  way, as i t  

has g r e a t l y  f a c i l i t a t e d  my work.

F ind ings
C a rd io v a sc u la r  l e s io n s  were seen  i n  33 mammals 

(15  spp ) and 3 b i r d s  (2 s p p ) .  On m acroscopic exam ination ,
g

17 o f th e s e  shoW  a o r t i c  p la q u e s ,  s t r e a k s  end u l c e r s .  
M icroscopic exam ination  i s  n o t y e t  com plete , as th e  b u lk  
of th e  specimens have on ly  j u s t  reached  London, b u t ,  i n  
th o se  examined so f a r ,  two o s t r i c h e s  appear to  be th e  on ly  
ones showing in t im a i  p laq u es  c o n ta in in g  l i p i d  d e p o s i t s  

comparable to  a therom a. B uffa lo  showed a o r t i c  u l c e r s ,  
f a t t y  s t r e a k s ,  and m edial c a l c i f i c a t i o n  though t to  be 

a s s o c ia te d  w ith  th e  burrows o f a Nematode Onchocerca s p . 

Hippos, an o ryx , a gerenuk , a j a c k a l ,  and a hyena, showed
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a o r t i c  p laq u es  and u l c e r s  a s s o c ia te d  w ith  th e  p re se n c e  
of heavy e n d o p a r a s i t i c  i n f e s t a t i o n s  in  o th e r  o rg a n s .

In  th e  case  o f th e  hyena, p e i r a s i t i c  burrows of v e ry  
sm all s i z e  and u l c e r s  r e c a l l i n g  th e  appearance  o f  th o se  
in  b u f f a lo ,  were seen  i n  th e  a o r t a .

In  a d d i t io n  to  th e  exam ination  and p r e s e r v a t io n  

of th e  h e a r t  and a o r t a  (o r  p o r t io n s  o f  th e s e )  o f  every  
specim en, samples o f  o th e r  organs f o r  h i s t o l o g i c a l  exam
i n a t i o n ,  p a r a s i t e s ,  b lood sm ears , serum and ag e in g  m a te r ia l  

have been c o l l e c t e d ,  as  w e ll  as  r e l e v a n t  d a ta  on s i z e ,  

w eigh t, and e c o lo g ic a l  f a c t o r s .  I t  has n o t y e t  been 

p o s s ib le  to  examine in  d e t a i l  any o f t h i s  su p p o r t in g  
m a te r ia l  and d a t a .

E lep h an ts  proved to  be of p a r t i c u l a r  i n t e r e s t .
A ll o f  th e  seven  examined in  th e  Murchison F a l l s  P ark , 

in c lu d in g  two middl^kged b u l l s  (abou t 45 y e a rs  o ld ) ,  2 
ffliddleaged cows and 3 younger cows, showed a o r t i c  l e s io n s  

in  v a r io u s  s ta g e s  o f developm ent. In  every  case  th e s e  
occurred  in  th e  abdominal a o r t a  €Uid common i l i a c  a r t e r i e s ,  

w ith  th e  maximum c o n c e n t r a t io n  between th e  b i f u r c a t i o n  and 

th e  r e n a l  a r t e r i e s .  None was seen  i n  th e  th o r a c ic  a o r t a ,  

bu t i n  two c a se s  i s o l a t e d  p laq u es  were seen  in  th e  c a ro t id  

and b r a c h i a l  a r t e r i e s .  The a o r t i c  p la q u es  showed a 
th ickened  in t im a  c o n ta in in g  l i p i d  d e p o s i t s ,  and c a l c i f i e d  

d is c s  i n  th e  m edia. I t  i s  n o t y e t  c l e a r  to  what e x te n t  

th e  in t im a i  d e p o s i t s  and th ic k e n in g s  a r e  d i r e c t l y  a sso 

c ia te d  w ith  th e  m edial c a l c i f i c a t i o n .  In  c o n t r a s t  to  

th e  Murchison e le p h a n ts ,  an o ld  b u l l  ta k en  in  an u n r e s t r i c t 

ed montane h a b i t a t  i n  Kenya showed no a o r t i c  l e s io n s  a t  a l l .
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The most s i g n i f i c a n t  f e a t u r e s  o f  th e s e  f in d in g s  
in  e le p h a n ts  a r e  t h a t ,  a l th o u g h  i t  i s  q u i t e  th e  most 

d i f f i c u l t  and expensive s p e c ie s  to  examine due to  i t s  

sh e e r  p h y s ic a l  h u lk ,  we have he re  an anim al which shows 
an in c id en c e  o f  a o r t i c  s c l e r o s i s  a p p a re n t ly  r e l a t e d  to  

a p a r t i c u l a r  h a b i t a t  o r  a r e a ,  whose age can be f a i r l y  

a c c u r a te ly  e s t im a te d  in  y e a r s ,  whose in d iv id u a l  ra n g e ,  
fe e d in g  h a b i t s  and food a v a i l a b i l i t y  can be s tu d ie d ,  and 
whose p o p u la t io n ,d e n s i ty  gtnd r e p ro d u c t iv e  c a p a c i ty  can 
be r e l i a b l y  es tim ated*  Moreover, t h i s  i s  an anim al n o t 

a t  p r e s e n t  s u b je c t  to  s e v e re  c o n s e rv a t io n  r e s t r i c t i o n s ,  

and of which s e v e r a l  thousand a re  s h o t  a n n u a l ly  on 
c o n t ro l  and perm it*  I t  i s  aq p ec ie s  in  which we m igh t, 

w ith  f u r t h e r  s tu d y ,  be a b le  to  f in d  a c o r r e l a t i o n  

between th e  in c id e n c e  of a o r t i c  l e s io n s  and one o r  more 

env ironm enta l f a c to r s *

Acknowledgments
In  con c lu d in g  t h i s  r e p o r t ,  I  shou ld  l i k e  to  say  

what a p r i v i l e g e  i t  i s  to  do t h i s  work, and how u t t e r l y  
ab so rb in g  i t  i s .  My on ly  f e a r  i s  t h a t ,  w ith  growing 

n a t io n a l i s m ,  and p o l i t i c a l  te n s io n s  in  A fr ic a n  indepen 

den t t e r r i t o r i e s ,  we may have d i f f i c u l t y  l@6er on in  

p u rsu in g  t h i s  work to  i t s  c o n c lu s io n .  *'̂ At p r e s e n t ,  we 

have n o th in g  b u t  f r i e n d l i n e s s  and c o -o p e ra t io n  f o r  th e  
p r o j e c t ,  and I  th in k  you w i l l  thus  u n d ers tan d  my eager

ness to  c o n t in u e  th e  f i e l d  c o l l e c t i n g  as u r g e n t ly  as 
p o s s ib le ,  w h ile  th e  who have th e  in fo rm a tio n

on th e  ecology o f th e  v a r io u s  a re a s  a r e  s t i l l  i n  A f r ic a ,  
and th e  game d epartm en ts  a r e  s t i l l  i n  a p o s i t i o n  to  

a s s i s t  u s .
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APPENDIX 3
•  k k s x v b s b b s s c b s

Case R eport on " S h e i l a " ,  A s ia t i c  E le p h a n t ,
Destroyed a t  th e  Belvue Z o o lo g ic a l  Gardens, B e l f a s t ,

on 2 7 th  January  I 966

H is to ry

" S h e i la "  was im ported as a young c a l f  to  th e  Belvue 

Z o o lo g ica l  Gardens from I n d ia  o r Burma* She was b e l ie v e d  

to  be about 20 y e a rs  o ld  in  January  I 9 6 6 .

During I 9 6 5 , she had been lo s in g  c o n d i t io n ,  and on 

s e v e r a l  o cc as io n s  in ju r e d  h e r  k ee p e rs .  Her h in d - le g s  

had become oedematous and th en  recovered* Sores had 

e ru p ted  on th e  dorsum, and she had developed a cu r io u s  

h a b i t  of tu r n in g  up her  t ru n k  and blow ing a i r  a g a in s t  a 

p a r t i a l l y  h ea led  l e s io n ,  abou t 3 ins* d ia m e te r ,  t h a t  had 

developed on th e  u n d e r - s u r fa c e  about two f e e t  from i t s  

t i p .  She d id  t h i s  p a r t i c u l a r l y  when i r r i t a t e d .  She 

had become d i f f i c u l t  to  hand le  and u n r e l i a b l e ,  and th e  

D ire c to r  o f  th e  Z o o lo g ic a l  Gardens had dec ided  to  have 

her d e s t ro y e d .

The a u th o r  sp e n t  th e  a f te rn o o n ,  p r i o r  to  th e  admin

i s t r a t i o n  of e u th a n a s ia  in  th e  s t a b l e  o b se rv in g  th e  e lep h an t  

and noted  th e  fo l lo w in g ;  ( i )  l a rg e  p ie c e s  of u n d ig e s te d
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c u t  p o ta to  and ap p les  were passed  in  th e  f a e c e s ;

(11) she c o n t in u a l ly  r e tu rn e d  to  a lo o se  p ie c e  of m etal 

f l o o r i n g ,  to  which she b en t down and rubbed her  r i g h t  

tu s k  and cheek; ( i l l )  she  had th e  unusual h a b i t  of 

s ta n d in g  w ith  h e r  mouth p a r t l y  open; ( i v )  she k ep t 

blowing a i r  over th e  l e s i o n  on th e  t ru n k ;  (v )  she  was 

v e ry  emaciated*

E u th an as ia  (A b s tra c t  of r e p o r t  by th e  V e te r in a ry
Surgeon)

E u th an a s ia  was perform ed in s id e  th e  s t a b l e  by f i r s t  

i n j e c t i n g  P h en cy c lid in e  h y d ro c h lo r id e  ( "S e rn y la n " ,  P ark e-
t

D avis , London) by means o f p r o j e c t i l e  s y r in g e s  f i r e d  from 

a Ca|rChur r i f l e  (Palmer Chemical & Equipment Co* A t la n ta ,  

G eorg ia)  and su b se q u e n tly  by in trav e n o u s  i n j e c t i o n  of 

P e n to b a rb ito n e  sodium ("T r in a v e n " ,  A s tra -H e w le t t ,  W atford, 

H e r t s . )  a f t e r  th e  e le p h a n t  was recum bent. This method 

has been p r e v io u s ly  used s u c c e s s f u l ly  by K an ton(l963).

The a n im a l 's  w eight was e s t im a ted  a t  2^ to n s ,  th e  

t o t a l  amount of "Serny lan" a d m in is te red  was 5*34 g or 

approx im ate ly  3*5 °g A s*  > g iv en  in  4 s e p a r a te  i n j e c t i o n s ,  

th e  f i r s t  two s y r in g e s  c o n ta in in g  1 .6 ?  g each, and th e  

3rd and 4 th  c o n ta in in g  1 .0  g. each. The anim al became
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recumbent 30 m inutes a f t e r  r e c e iv in g  th e  f i r s t  l a r g e  

dose of th e  d rug  b u t had been a t a x ic  f o r  about 15 m inutes 

b e fo re  "going down".

The anim al showed no r e a c t io n  on c u t t i n g  down to  

a v e in  a t  th e  base  o f  th e  e a r  lo b e ,  where -  a f t e r  blood 

samples had been taken  -  an in tra v e n o u s  i n j e c t i o n  o f 210 

g r a in s  of P e n to b a rb ito n e  sodium was made. An a d d i t io n 

a l  dose o f b a r b i tu $ a te ,  b r in g in g  th e  t o t a l  dose to  445  

g ra in s  (2 8 .8  g . ) ,  was a d m in is te red  as th e r e  was s t i l l  

some very  slow b r e a th in g .  This proved s u f f i c i e n t ,  and 

th e  f i n a î ^ l o s e  o f  b a r b i t u r a t e  was th u s  1 .9  mg/kg.

Autopsy

The a u t h o r 's  r e p o r t  ( s e n t  to  th e  D ire c to r  and V e te r in 

a ry  O f f ic e r  i n  charge o f th e  Belvue Z o o lo g ic a l  Gardens, 

as au thm rised  by th e  P a th o lo g i s t ,  The Z o o lo g ic a l  S o c ie ty  

o f London) fo l lo w s ;

”1. M alocc lusion  of th e  jaw s, due to  th e  fo rm a tio n  of a

la rg e  tumour on th e  bucca l s id e  o f  th e  r i g h t  proxim al 

molar ( i n  th e  m andib le) i n  wear, was th e  p ro b ab le  cause 

of g e n e ra l i s e d  m a ln u t r i t i o n .  .A pie c e  of  wood , wedged 

be tween t h e opposing  d i s t a l  and proxim al upper  m olars may 

or  may n o t have been conne c t ed w ith  t h e forma t io n  of  t h e
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tumour? b u t  in  any oase The tumour was p robab ly  o f  trauma

t i c  o r ig in  and had p robab ly  developed over A p e r io d  of 

s e v e r a l  y e a r s .  A s l i g h t  de fo rm ity  o f  th e  proxim al molar 

in  th e  m andib le , r e s u l t i n g  from i t s  abnorriBial grow th, seems 

to  have caused p r e s s u re  on th e  n e rv e ,  undoubted ly  causing 

p a in ,  and hence th e  u n r e l i a b l e  temper o f  th e  anim al in  

r e c e n t  months,

2 . Blood

The r e p o r t s  on th e  d e t a i l e d  a n a ly se s  a re  as f o l l o w s t -

i )  "A part from a s l i g h t  i r o n  anaem ia, t h i s  e le p h a n t  

appears  to  have a normal blood p i c t u r e .  As w ith  a l l  

th e  e le p h a n ts  so f a r  examined h e r e ,  th e r e  i s  a  h ig h e r  

p e rc e n ta g e  o f  lymphocytes th an  n e u t r o p h i l s .  No 

p a r a s i t e s  were fo u n d ."  (Miss S. Hook)*

i i ) " A n a l y s i s  o f  th e  serum by gas chromatography su g g e s ts  

a  p r o t e i n  d e f ic ie n c y  d im i la r  to  t h a t  o c c n r r in g  as a 

r e s u l t  o f m alnu trition  in  P r im a te s " (B io c h em is t)♦

iii)"C om pared  w ith  P r im a te s ,  a  w e ll  developed blood 

^^ .coagu là tion  mechanism was found , s im i l a r  to  t h a t
é • V

o b ta in ed  on two A fr ic a n  e le p h a n ts  s tu d ie d  h e r e . "

(Dr. C. Hawkey)*

(* N u ff ie ld  I n s t i t u t e  o f  Comparative M edicine, The Zoolo
g i c a l  S o c ie ty  o f London, R e g e n t 's  P ark )
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3* I n t e r n a l  organa and s k in

Lesions o f th e  d o r s a l  s k in  and d i s t a l  end o f th e  

t ru n k ,  and a h i s t o r y  of wesücness i n  th e  f o r e l e g s ,  appear 

to  be due to  m a ln u t r i t i o n .  F a i lu r e  to  m a s t ic a te  hay 

and p o ta to  feed  was e v id e n t  from exam ination  of stomach 

and caecum c o n te n ts ,  and f a e c e s .  C ongestion  of a d re n a l  

g la n d s ,  k idney  and c a rd ia c  muscle was undoubted ly  th e  

immediate r e s u l t  o f  th e  te ch n iq u e  used f o r  d e s t ro y in g  

th e  e le p h a n t .  Two m inu te , h e a v i ly  c a l c i f i e d  p a r a s i t i c  

c y s ts  found in  th e  l i v e r  were co n s id ered  to  be of no 

s ig n i f i c a n c e ,  as no o th e r  p a r a s i t e s  were found . Com

p a r a t i v e ly  l i t t l e  r e s e rv e  f a t  was found in  any p a r t  of 

th e  body.

In  c o n c lu s io n ,  i t  seems t h a t  th e  d e c l in in g  c o n d i t io n  

and u n r e l i a b l e  temperament of " S h e i la "  were due p r im a r i ly  

to  i n ju r y  some y e a rs  ago to  th e  r i g h t  m andib le , r e s u l t i n g  

in  th e  development o f  a molar tumour. T h is ,  i n  tu r n ,  

p reven ted  th e  normal fo rw ard  p ro g re s s io n  o f  th e  lower 

m olars à lo n g  th e  m andib le , and a t  th e  same tim e caused 

in c r e a s in g  m a lo cc lu s io n  of th e  jaws. Inadequa te  m a s ti

c a t io n  r e s u l t e d  in  g e n e ra l i s e d  m a ln u t r i t io n ,  w h ile  th e  

deformed molar p robab ly  caused m andibular p a in ,  a c co u n tin g
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f o r  th e  u n r e l i a b l e  b ehav iou r  o f  th e  animal*

Such tumours a re  f a m i l i a r  to  th o se  h an d lin g  working 

e le p h an ts  in  A sia  (Evans I 9 1 0 ) .  I f  th e  c o n d i t io n  was 

reco g n ised  i n  t im e , i t  might be p o s s ib le  to  c o r r e c t  i t  

i n  a d o c i l e  anim al by removal of th e  d i s t a l  m olar, and, 

by u se  of th e  r a s p ,  o f th e  tumour on th e  proxim al molar* 

This might enab le  th e  normal molar p ro g re s s io n  in  th e  

m andible to  c o r r e c t  i t s e l f . "

( s g d )  S .K . S i k e s ,
N u ff ie ld  I n s t i t u t e  of Com
p a r a t iv e  M edicine, London.
17 th  F e b r u a r y  I 9 6 6 .

S u b s e q u e n t  f i n d i n g s

1) D e ta i l s  o f th e  subsequen t i n v e s t ig a t i o n s  of serum 

amino*-acids a re  g iven  in  Table y  , ch. 5*

2) S c a t te r e d ,  c a l c i f i e d  in t im a i  and m edial p laques  

were found in  th e  a o r t a ,  b u t in t im a i  l i p i d  depo

s i t s  were n e g l ig ib l e  in  th e  a o r t a ,  and ab se n t  in  

th e  co ro n ary , c a r o t id ,  b r a c h ia l  and fem oral a r t e 

r ie s *

R e f e r e n c e s ;
;

Manton, V*J.A.(&9^3)* V et. Rec* 1223 
Evans, G.H. ( I 9 IO ). "E lep h an ts  and t h e i r  D ise a se s" .  

Rangoon; Government P r in te r*
/PLATES
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OBSERVATIONS ON THE ECOLOGY OP ARTERIAL DISEASE 

IN THE AFRICAN ELEPHANT ( Loxodonta a f r i c a n a )

IN KENYA AND UGANDA

V

S y lv ia  K. Sikes *

Complete a o r t a e ,  and samples of s e le c te d  a r t e r i e s ,  

were r e c e n t ly  c o l le c te d  f o r  d e t a i l e d  s tu d y  from 

f o r ty  A fr ican  e lep h an ts  ( Loiodonta a f r i c a n a ) in  

Kenya and Uganda, In  every case a wide range of 

a d d i t io n a l  d a ta  was o b ta in e d ,  r e l a t i n g  to  th e  s t a t u s  

of each in d iv id u a l  e lep h an t  from which m a te r ia l  was 

c o l le c te d ,  and to  i t s  e c o lo g ic a l  background. These 

e lephan ts  were c o l le c te d  from th re e  d i s t i n c t  h a b i t a t  

ty p es ,  and a c o r r e l a t i o n  i s  in d ic a te d  between th e  

occurrence o f  c e r t a in  a r t e r i a l  ab n o rm a li t ie s  which 

have been-found in  th e  e le p h a n ts ,  and e c o lo g ic a l  

d i f fe re n c e s  in  th e  h a b i t a t  ty p e s .

I t  seems p o s s ib le  t h a t  th e  e f f e c t s  of th e  modern 

human p r e s s u r e s ,  which f r e q u e n t ly  d i r e c t l y  a f f e c t  th e  

v e g e ta t io n a l  cover, s o i l  c h a ra c te r  and animal m ig ra t io n s  

in  a g iven  environm ent, may a ls o  i n d i r e c t l y  in f lu e n c e

* Department of Zoology, Royal Holloway C o lleg e , 
U n iv e rs ity  of London
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th e  behaviour p a t t e r n s  and p h y s io lo g ic a l  rhythms of 

e le p h a n ts .  Such combined p re s su re s  may a lso  r e s u l t  

in  n u t r i t i o n a l  im balance, in f lu e n c in g  Calcium and Lipid 

metabolism, and producing a s so c ia te d  changes in  a r t e r i a l  

s t r u c t u r e .

Contents#
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I I ,  M a te r ia ls  and methods

I I I ,  D esc r ip t io n  of th e  th re e  s e le c te d  h a b i t a t  types

IV, D e sc r ip t io n  of a r t e r i a l  a b n o rm a li t ie s  observed, 

and t h e i r  occurrence  in  r e l a t i o n  to  h a b i t a t  type

V, Conclusion and D iscussion

VI, Acknowledgments

V II, R eferences,

I# INTRODUCTION

F orty  wild A fr ican  savannah e lep h an ts  ( Loxodonta 

a f r ic a n a  a f r i c a n a ) were c o l le c te d  f o r  s tu d y  in  th e  

course  of a r e s e a rc h  p r o j e c t  to  in v e s t ig a te  th e  

in c id en ce  of c a rd io v a s c u la r  d is e a s e  in  f r e e - l i v i n g  

w ild  mammals and b i rd s ,* *  The aim of t h i s  p r o je c t  was

♦* financed  by th e  B r i t i s h  Heart Foundation ,
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to  a ttem pt to  a s s e s s  th e  s u s c e p t i b i l i t y  of f r e e -  

l i v i n g  as compared w ith  c a p t iv e  anim als (F iennes I 9 6 5 ) .

In  th e  case of th e  e le p h a n ts ,  each was f i r s t  

observed a l i v e  in  o rd e r  to  e s t a b l i s h  i t s  in d iv id u a l  

e c o lo g ic a l  s t a t u s ,  and then  examined in  d e t a i l  p o s t  

mortem. I t  was found th a t  e lep h an ts  a re  not only 

s u s c e p t ib le  to  c a rd io v a sc u la r  d is e a s e  in  t h e i r  

n a tu r a l  environm ent, bu t t h a t  m a n ife s ta t io n s  of 

c a rd io v a sc u la r  abnorm ality  appear to  be r e l a t e d  bo th  

in  c h a ra c te r  and degree to  d i f f e r e n c e s  in  h a b i t a t  

type w ith in  th e  n a tu r a l  environm ent.

In th e  p a s t ,  East A fr ic an  e lep h an ts  a re  known to  

have undertaken  lo n g -d is ta n c e ,  d i r e c t i o n a l  m ig ra t io n s ,  

which may have covered s e v e ra l  hundred m iles an n u a lly  

d u r in g  t r a n s i t i o n a l  se a so n s , in  a d d i t io n  to  t h e i r  

more lo c a l i s e d  meanderings du ring  s p e c i f i c  seaso n a l 

p e r io d s .  Nowadays, however, c lo su re  of t h e i r  long

d is ta n c e  d i r e c t i o n a l  m ig ra t io n  ro u te s  and encroach

ment on f o r e s t s ,  fo rm erly  used as fe ed in g  and c a lv in g  

grounds, has occurred  due to  the  expansion of human 

se t t le m e n t  a re a s  (Bueohner, Buss ^ t  a l . 19^3;

B o u r l ie re  19&5; S ikes 1966a ) .  The e lep h an ts  have
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t h e r e f o r e  te n d e d  to  become c o n c e n t r a t e d  w i t h i n  

n a t i o n a l  patrks and game r e s e r v e s ,  and t h e i r  e n v i r o n s ,  

t o  change  t h e i r  m ig r a to r y ,  f e e d i n g  and b r e e d in g  

h a b i t s ,  and i n  some c a s e s  p ro b a b ly  a l s o  t h e i r  h e rd  

s t r u c t u r e  and b e h a v io u r  p a t t e r n s  (B uss & Sm ith  1 9 6 6 ) .  

I t  has  a l s o  r e s u l t e d  i n  t h e  c o m p a ra t iv e  i s o l a t i o n  o f  

s p e c i f i c  e l e p h a n t  c o m m u n itie s ,  a  s i t u a t i o n  w hich 

h a s  b een  u sed  h e r e  a s  th e  b a s i s  f o r  d e f i n i n g  t h e  

t h r e e  h a b i t a t  t y p e s  from  which th e  e l e p h a n t s  exam

in e d  i n  t h i s  p r o j e c t  w ere  c o l l e c t e d .

The back g roun d  s t u d y  o f  th e  n a t u r a l  b e h a v io u r  

p a t t e r n s  and p h y s io lo g y  o f  E a s t  A f r i c a n  e l e p h a n t s  

i s  a l s o  r e n d e r e d  p s i r t i c u l a r l y  c o n fu s in g  by th e  f a c t  

t h a t  th e  m ost d e t a i l e d  and a c c u r a t e  s t u d i e s  have  

been  c a r r i e d  o u t  o n ly  w i t h i n  t h e  p a s t  d e ca d e  and 

have  g e n e r a l l y  b een  a p p l i e d  to  e l e p h a n t s  a l r e a d y  

p a r t i a l l y  a d a p te d  to  c o m p a r a t iv e ly  r e s t r i c t e d  and 

r a p i d l y  d e g e n e r a t i n g  h a b i t a t  r a n g e s  (B uss 1 9 6 3 ) .

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

i n  t h i s  p r o j e c t  was t h e r e f o r e  d e l i b e r a t e l y  made 

to  i n c l u d e  an  u n r e s t r i c t e d  ty p e ,  c o n t a i n i n g  l a r g e  

a r e a s  o f  heavy  n a t u r a l  v e g e t a t i o n a l  c o v e r  i n  t h e
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form  o f  w e l l - w a t e r e d ,  sh a d y  In d ig e n o u s  montane 

f o r e s t s ,  i n  w hich  th e  r a n g e  was c o m p a r a t iv e ly  f r e e  

a s  f a r  a s  e l e p h a n t  h e rd  movements were c o n c e rn e d ,  

and w hich was n o t  o v e rp o p u la te d  by e l e p h a n t s .

I I .  MATERIA 15 AND METHODS

A. S e l e c t i o n  o f  e l e p h a n t s  <

The c o l l e c t i o n  o f  t h e  e l e p h a n t s  from  which t h e  

m a t e r i a l  u se d  i n  t h i s  p r o j e c t  was o b t a in e d  was to  

some e x t e n t  s e l e c t i v e ,  s i n c e  random sa m p lin g  would 

have  been  n e i t h e r  a d v a n ta g e o u s  i n  t h e  e a r l y  s t a g e s  

o f  th e  s t u d y ,  n o r  f e a s i b l e .  F i r s t ,  i t  was n e c e s s a r y  

to  s e l e c t  e l e p h a n t s  r e p r e s e n t a t i v e  o f  each  o f  th e  main 

age  g r o u p s ,  so  a s  to  s t u d y  th e  norm al g row th  and de

v e lo p m en t o f  t h e  h e a r t  and a o r t a ;  s e c o n d ly ,  t h e  

s e l e c t i o n  o f  e l e p h a n t s  show ing  d e f i n i t e  s i g n s  o f  

i l l - h e a l t h  was n e c e s s a r y  i n  t h e  e x p e c t a t i o n  o f  o b t a i n 

i n g ,  among them , some show ing  a r t e r i a l  a b n o r m a l i t i e s ;  

t h i r d l y ,  p r i n c i p l e s  g o v e rn in g  game c o n t r o l  and con

s e r v a t i o n  n e c e s s i t a t e d  s t r i c t  l i m i t a t i o n  o f  t h e  

number c o l l e c t e d ,  so  t h a t  o n ly  t h o s e  w ere  k i l l e d  

w hich  c o u ld  be  g iv e n  a co m p reh en s iv e  a u to p s y  w i th  

t h e  minimum d i s t u r b a n c e  to  o t h e r  a n im a l s ,  and th e
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minimum w a s ta g e  ' o f  consum able  and s a l e a b l e  p r o d u c t s ,  

as  w e l l  a s  m a t e r i a l  o f  s c i e n t i f i c  v a l u e .

The a c t u a l  number o f  a n im a ls  exam ined i s  t h e r e 

f o r e  u n u s u a l l y  l i m i t e d  f o r  a s tu d y  o f  t h i s  k i n d ,  b u t  

i t  i s  b e l i e v e d  t h a t  t h i s  a p p ro a c h  i s  f u l l y  j u s t i f i e d  

by th e  co m p reh en s iv e  r a n g e  o f  r e f e r e n c e  d a t a ,  and 

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

t i o n  to  t h e  a c t u a l  c a r d i o v a s c u l a r  m a t e r i a l .  The 

c o - o p e r a t i o n  o f  o t h e r  w o rk e rs  i n  s p e c i a l i s e d  f i e l d s  

in  t h e  e v a l u a t i o n  o f  t h i s  a d d i t i o n a l  m a t e r i a l  h a s  

been  much a p p r e c i a t e d ,  and i t  i s  hoped t h a t ,  i n  

due c o u r s e ,  a l l  t h e  m a t e r i a l  c o l l e c t e d  w i l l  be 

examined and e v a l u a t e d .

B. C a r d io v a s c u la r  m a t e r i a l

R o u t in e  body m easurem ents  and p h o to g ra p h s  were 

o b ta in e d  p r i o r  t o  a u to p s y  a n d ,  w henever p o s s i b l e ,  

t h e  c a r c a s s  was w e ig h ed . The co m p le te  h e a r t  and 

a o r t a  w ere th e n  removed f o r  im m edia te  e x a m in a t io n ,  

m easurem ent and p h o to g r a p h s ,  and a  s t a n d a r d i s e d  s e t  

o f  a d d i t i o n a l  sa m p le s  was t a k e n  c o m p r is in g  b lo o d  

serum , s e l e c t e d  a r t e r i e s ,  t i s s u e s  f o r  h i s t o l o g i c a l  

e x a m in a t io n ,  sam p le s  o f  s to m ac h , c a e c a l  and r e c t a l
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c o n t e n t s ,  m a t e r i a l  f o r  age  d e t e r m i n a t i o n ,  and p a r a 

s i t e s .  Any a b n o r m a l i t i e s  w ere n o te d  and p o r t i o n s  

o f  a p p r o p r i a t e  o rg a n s  and t i s s u e s  p r e s e r v e d  f o r  

f u r t h e r  s t u d y .  A wide r a n g e  o f  r e f e r e n c e  d a t a  and 

m a t e r i a l  was th u s  a v a i l a b l e  i n  e v e ry  c a s e .

The a o r t a  was c u t  i n t o  p o r t i o n s  w hich were 

mounted i n  l i n e a r  o r d e r  on p o ly th e n e  b o a r d s .  T hese  

were c o v e re d  i n d i v i d u a l l y  w i th  p r o t e c t i v e  p e r f o r a 

t e d  p o ly th e n e  bags  and s t a c k e d  i n  t a n k s  f o r  f i x a t i o n  . 

i n  lOÿ; f o r m o l - s a l i n e  a t  t h e  f i e l d  b a s e .  S ta n d a rd 

i s e d  sam p le s  o f  t h e  f o l l o w i n g  a r t e r i e s  w ere a l s o  

mounted and f i x e d  i n  t h e  same w a y :-  f e m o r a l ,  b r a c h i a l ,  

c a r o t i d ,  c e r e b r a l ,  c o r o n a r y ,  s u p e r i o r  m e s e n t e r i c ,  

c o e l i a c  and r e n a l .

The h e a r t  was f r e e d  i j i  s i t u r  from  th e  p e r i c a r d iu m  

and l a r g e  v e s s e l s ,  l e a v i n g  t h e  a o r t i c  a r c h  i n t a c t  a s  

f a r  a s  th e  p o i n t  o f  a t t a c h m e n t  on i t  o f  t h e  d u c tu s  

a r t e r i o s u s . I t  was th e n  rem oved , washed i n t e r n a l l y  

and e x t e r n a l l y  w i th  w a t e r ,  sw abbed, w eighed €Uid 

p h o to g ra p h e d .  A s i n g l e  c o n t in u o u s  i n c i s i o n  was made, 

ru n n in g  th ro u g h  th e  r i g h t  a t r i u m ,  t r i c u s p i d  v a l v e ,  

r i g h t  v e n t r i c l e ,  and pu lm onary  a r c h ,  and a  s i m i l a r



one th ro u g h  t h e  l e f t  a t r i u m ,  m i t r a l  v a l v e ,  l e f t  

v e n t r i c l e ,  and a o r t i c  v a lv e  and a r c h ,  to  p e r m i t  an  

im m edia te  i n t e r n a l  e x a m in a t io n .  C o ronary  a r t e r i e s  

were exposed  and s l i t  l o n g i t u d i n a l l y  f o r  i ^  s i t u  

e x a m in a t io n ,  and sam p le s  removed f o r  m ounting  a s  

d e s c r ib e d  a b o v e .  In  m ost c a s e s  o n ly  t h e  p o r t i o n  

o f  t h e  h e a r t  c o n ta in g  th e  a o r t i c  v a lv e ,o p e n i n g s  o f  

th e  c o ro n a ry  a r t e r i e s ,  and th e  a o r t i c  a r c h  was p r e 

s e r v e d .  However, f o u r  co m p le te  h e a r t s  were a l s o  

p r e s e r v e d ,  i n c l u d i n g  one w e ig h in g  1 4 «5 k g .  from  

a young , a d u l t  b u l l^

The e v a l u a t i o n  o f  th e  c a r d i o v a s c u l a r  m a t e r i a l  

c o l l e c t e d  i s  s t i l l  i n  p r o g r e s s .  R e s u l t s  from  two 

t e c h n iq u e s  a l r e a d y  a p p l i e d  to  t h e  m a t e r i a l  may, 

how ever, be  r e l e v a n t  t o  n u t r i t i o n a l  s t u d i e s .  Inù  

th e  f i r s t ,  g r o s s  s t a i n i n g  o f  th e  w hole  a o r t a  by 

Sudan IV was u sed  to  i n d i c a t e d  th e  p r e s e n c e  and 

e x t e n t  o f  i n t i m a i  l i p i d  d e p o s i t s  (Holman, KÔGill 

£ t  19 5 8 ) ,  and i n  t h e  se c o n d ,  X -ray  te c h n iq u e s  

were u se d  to  i n d i c a t e  th e  Calcium  d e p o s i t s .  In  

each  m ethod , t h e  a r e a  o f  a o r t a  w a l l  c o n t a in i n g  

th e  ch em ic a l  d e p o s i t  was th a n  d e te rm in e d  by m aking
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d i r e c t  c o u n ts ,  u s i n g  a  g r i d  o f  -J- cm s q u a r e s  l a i d  o v e r  

t h e  a o r t a ,  and e x p r e s s in g  th e  r e s u l t  a s  a p e r c e n t 

age  o f  t h e  t o t a l  a r e a  o f  t h e  a o r t a  w a l l .

I I I .  DESCRIPTION OF THE THREE SELECTED HABITAT TYPES

( P i g .  I )

The t h r e e  s e l e c t e d  h a b i t a t  t y p e s  s t u d i e d ,  from  

which t h e  f o r t y  e l e p h a n t s  w ere  c o l l e c t e d ,  w ere  a l l  

l o c a t e d  i n  E a s t  A f r i c a .  Each ty p e  d id  n o t  n e c e s s a 

r i l y  c o n s i s t  o f  a  s i n g l e  c o n t in u o u s  a r e a  and i n  two 

c a s e s  co m p rised  s e p a r a t e  a r e a s  w i th  s i m i l a r  e c o l o g i c a l  

f e a t u r e s .  The g e o g r a p h i c a l  p o s i t i o n  o f  t h e s e  i s  

shown on t h e  map, b u t  t h e  e x t e n t  o f  each  i s  i n d i c a t e d  

t h e r e  o n ly  a s  a ro u g h  a p p ro x im a t io n .

A. M ontane. A l t .  5 ,0 0 0 -1 0 # 0 0 0  f t  ( m . l t  M t.R uw enzori; 

m.2# M ts. Kenya, K inangop and S a t im a i 

m .3t Mr. K i l i m a n j a r o ) .

Each o f  t h e  t h r e e  a r e a s  o f  t h e  m ontane h a b i t a t  

ty p e  c o n ta in e d  e x t e n s i v e  h i g h - a l t i t u d e  in d ig e n o u s  

f o r e s t s ,  w i th  a  w i d e , f r e e  r a n g e  f o r  e l e p h a n t  movement 

and m ig r a t i o n  and abundsuit s u p p l i e s  o f  f r e s h ,  f lo w in g  

s u r f a c e  w a t e r .  Mean a n n u a l  r a i n f a l l  i n  a l l  t h e s e  

a r e a s  ex ce ed s  1$0 cm (Anon. 1 ) 6 2 ) .  In  t h i s  h a b i t a t  

t y p e ,  t h e  e l e p h a n t s  w ere a l s o  i n c i d e n t a l l y  ex posed  to
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i r r e g u l a r  d i s t u r b a n c e  and c u l l i n g  by l i c e n s e d  h u n t e r s  

and game c o n t r o l  teams* The v a r i e t y  and abundance  

o f  n u t r i t i o n a l  m a t e r i a l  i n  t h e s e  a r e a s  c o n t r a s t s  

m arked ly  to  t h e  l i m i t e d  r a n g e  o f  f o d d e r  a v a i l a b l e  

to  t h e  e l e p h a n t s  i n  t h e  low g r a s s l a n d s  and s c r u b l a n d .  

G e n e r a l ly ,  a  g r e a t e r  p r o p o r t i o n  o f  t r e e  p r o d u c ts  

( i n c l u d i n g  r o o t s ,  b a r k ,  woody f i b r e ,  f o l i a g e  eund 

f r u i t )  i s  u se d  i n  t h e  d i e t ,  a l th o u g h  bamboo i s  a l s o  

much f a v o u re d  a s  fo od  i n  t h e  a r e a s  w here montane 

bamboo f o r e s t  o c c u r s .

E le p h a n ts  i n  t h e  m ontane a r e a s  c h a r a c t e r i s t i c a l 

l y  spend  most o f  t h e  h o t t e r  p e r i o d s  o f  t h e  day  deep  

i n  t h e  hum id, sh ad ed  f o r e s t  g l a d e s  and t h i c k e t s ,  

f e e d i n g  c o n t i n u o u s l y ,  and em erg ing  on to  th e  h ig h  

m oorlands  and open g l a d e s  u s u a l l y  o n ly  i n  th e  e v e n in g ,  

n i g h t  and e a r l y  m orn ing . T h is  b e h a v io u r  a l s o  s t i l l  

c h a r a c t e r i s e s  lo w land  e l e p h a n t s  foun d  i n  t h e  few 

p a r t s  o f  A f r i c a  where u n r e s t r i c t e d ,  n a t u r a l  t r o p i c a l  

f o r e s t s  a r e  s t i l l  a v a i l a b l e  t o  them . (B uss 1 )6 3 ;

R i s l e y  I 9 6 6 ) .  I t  i s  a l s o  v e ry  n o t i c e a b l e  how much 

more a g i l e  and a c t i v e  m ontane e l e p h a n t s  a r e ,  auid how 

much b e t t e r  t h e i r  g e n e r a l  p h y s i c a l  c o n d i t i o n ,  compared
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w i th  th o s e  c o n f in e d  to  t h e  more r e s t r i c t e d ,  o v e r -  

b row sed and s h a d e l e s s  lo w lan d  a re a s *

B. G ra ss la n d *  W este rn  Uganda; a l t *  2 ,0 0 0  -  5 ,0 0 0  f t

( g . l :  Queen E l i z a b e t h  P a rk  and e n v i r o n s ;  

g*2t M urch ison  F a l l s  N a t io n a l  P a rk  and e n v i r o n s )

The 'g r a s s l a n d *  a r e a s  r e f e r  t o  t h o s e  o c c u r r i n g  i n  

W este rn  Uganda, t y p i c a l l y  d om ina ted  nowadays by H y p a r rh e n ia  

g r a s s e s *  B ueohner and Dawkins ( l ) 6 l )  have  shown t h a t  

t h e  g r a s s l a n d ,  a s  s e e n  to d a y  i n  t h e  M urch ison  F a l l s  

N a t io n a l  P a rk  and i t s  e n v i r o n s  ( g . 2 ) ,  r e a l l y  r e p r e s e n t s  

d e g e n e r a t e  w ood land , and now c o n ta in s  o n ly  a  few r e l i c t  

t r e e s  and v e r y  s m a l l  f o r e s t  s t a n d s  i n d i c a t i v e  o f  a  

fo rm e r  h e a v i l y  wooded a r e a ,  d o m in a ted  by th e  g e n e ra  

V i t e x , T e r m i n a l i a , Combreturn, F ic u s  e tc *  Mean 

a n n u a l  r a i n f a l l  f o r  t h e s e  a r e a s  i s  i n  t h e  r a n g e  

o f  100 -  125  cm, and a b u n d a n t  s u r f a c e  w a te r  o c c u r s  

th r o u g h o u t  t h e  a r e a s  a t  a l l  s e a s o n s .  The t r a n s i t i o n  

from  woodland t o  g r a s s l a n d  i s  p ro b a b ly  m a in ly  due 

to  th e  combined e f f e c t s  o f  f i r e ,  t s e t s e  c o n t r o l  

c l e a r a n c e  sch em es , and th e  i n c r e a s i n g  c o n c e n ta t i o n  

i n  r e c e n t  y e a r s  o f  e l e p h a n t .  T hese e l e p h a n t  have  

l a r g e l y  become n o n -m ig ra t o r y ,  i n s o f a r  a s  th e y  have
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b een  f o r c e d  to  abandon t h e i r  fo rm e r  l o n g - d i s t a n c e  

d i r e c t i o n a l  m ig r a t i o n s  by th e  c l o s u r e  o f  t h e i r  m ig ra 

t i o n  r o u t e s ,  and have  a d o p te d  a p r i m a r i l y  g ra m in iv o ro u s  

d i e t #  (B ueohner & Dawkins i g 6 l$  B ueohn er ,  Buss jet a l# 1 9 6 3 i  

Buss 1 9 6 1 ) .

C. S c ru b lan d #  Tsavo N a t io n a l  P a rk  ( E a s t ) , Kenya, and 

e n v i r o n s .  A l t .  500 -  5 ,0 0 0  f t .

T h is  h a b i t a t  ty p e  o c c u r s  i n  t h e  E a s t e r n  Tsavo 

N a t io n a l  P a rk  and i t s  n o r t h e r n  and e a s t e r n  e n v i r o n s .

Nowadays i t  c o n s i s t s  o f  d e g e n e r a t e  Commiphora -  A c a c ia  

mixed woodland (Bax & S h e l d r i c k ,  I 963),  t y p i f i e d  by 

e ro d ed  u n d u l a t i n g  p l a i n s  c a r r y i n g  a  t h i n ,  i r r e g u l a r  

g r a s s  c o v e r ,  i n  p l a c e s  i n t e r s p e r s e d  w i th  t r e e s  and th o r n  

b u s h e s .  T h is  s c r u b la n d  ty p e  d i f f e r s  f u n d a m e n ta l ly  from  

t h e  Uganda g r a s s l a n d s ,  b o th  g e o l o g i c a l l y  and h y d r o -  

g r a p h i c a l l y .  I t  l i e s  i n  t h e  e a s t e r n  d r a in a g e  a r e a  

o f  Kenya on a  P re -C am b rian  Basement Complex. Most 

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

w i th  a  t h i n  c o v e r  o f  p in k  o r  r e d c i s h  sa n d y  loam , i n t e r 

r u p te d  a t  i r r e g u l a r  i n t e r v a l s  by e x t r u s i o n s  o f  

T e r t i a r y  and Q u a te rn a ry  v o l c a n i c  r o c k s ,  w hich have  

assumed th e  form  o f  c h a r a c t e r f u l  mounds and r i d g e s
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w ith  sm all accum ulations of v o lc a n ic  ash and pumice 

s o i l s  in  th e  p a r t s  a f f e c te d  by w ea thering  (Parsons 

1928 } S ikes 1 9 3 4 ;  Anon. I 9 6 2 ) .  The a re a  i s  

d ra in ed  by on ly  th re e  perm anently  f low ing , w idely  

se p a ra te d  r i v e r s ,  th e  Uaso Nyiro, Tana, and A th l-  

Sabaki-G alana, and t h e i r  minor t r i b u t a r i e s .  A part 

from th e s e ,  th e  a rea s  i s  c h a ra c te r i s e d  by th e  

s p a r s i t y  of n a t u r a l l y  o c c u rr in g  s u r fa c e  w ater in  th e  

dry  seasons and, as may be expected , c a r r i e s  a fauna  

com prising bo th  a r id -a d a p te d  and m ig ra to ry  sp e c ie s  

(S ikes  1966  o ) .  Mean annual r a i n f a l l  i s  between 2 5  

and 7 5  cm only  (Anon. I 9 6 2 ) .

The ra p id  p re se n t-d a y  tran s i t io n  in  t h i s  a rea  

from woodland to  sh a d e le ss  g ra ss lan d  i s  due h e re ,  as 

in  West Uganda, to  th e  combined f a c t o r s  of f i r e ,  and 

continuous o v e r -c o n c e n tra t io n  of e le p h a n ts .  Here 

a g a in ,  th e  c o n c e n tra t io n  o f  e lep h an ts  has r e s u l t e d  

bo th  from encroachment by human s e t t le m e n ts  on former 

f o re s te d  c a lv in g  and fe e d in g  grounds in  th e  neighbour

ing  c o a s ta l  and montane a r e a s ,  and by th e  c lo su re  of 

form er m ig ra t io n  r o u te s .  In  t h i s  ca se ,  however, 

an a d d i t io n a l ,  much more pow erfu l, in f lu e n c e  has been
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th e  in t ro d u c t io n  to  th e  a r id  and se m i-a r id  a re a s  of 

a r t i f i c i a l  s u r fa c e  w ater s u p p l ie s .

In  th e  f i r s t  in s ta n c e ,  t h i s  was a s s o c ia te d  w ith  

th e  c o n s t ru c t io n  of the  Momhasa-Uganda ra ilw a y  w ith  i t s  

m aintenance and r e f u e l l i n g  h a l t s  s i t u a t e d  every te n  m ile s .  

At each h a l t ,  a la rg e  tank  su p p lied  "by piped w ater was 

i n s t a l l e d ,  w ith  s le e v e  and s p i l l a g e  a r e a ,  which soon 

a t t r a c t e d  and 'h e l d '  a v a r i e t y  of w ild  an im als .

Secondly, i t  was due to  th e  in t ro d u c t io n  of s to ra g e  

dams a s s o c ia te d  w ith  th e  development of permanent 

v i l l a g e s  and tow nships, and l a t e r  w ith  th e  development 

of th e  Tsavo N ationa l Park i t s e l f .  H a b ita t  d e s t r u c t io n  

by e lep h an ts  has become ce n tred  in  th e  a re a s  around 

th e se  a r t i f i c i a l  w a te r in g  p o in t s .  In  one case w ith in  

th e  Park , d e v a s ta t io n  of alm ost a l l  th e  ground w ith in  

a 20-m ile  r a d iu s  of th e  dam has occu rred . E lephant 

fe e d in g  and d r in k in g  h a b i t s  in  t h i s  a re a  tend to  be 

very  i r r e g u l a r ,  and continuous exposure to  the  sun 

o f te n .p ro lo n g e d  ( S ikes 1966c ) .

IV. DESCRIPTION OF ARTERIAL ABNORMALITIES OBSERVED,

AND THEIR OCCURRENCE IN RELATION TO HABITAT TYPE

A. R e l a t i v e  a g e ,  and age  g ro u p in g  i n  r e l a t i o n  to



t a i 
l s

normal c a rd io v a s c u la r  s t r u c t u r e  and development 

One of th e  prim ary o b je c t iv e s  in  th e  p re s e n t  

i n v e s t i g a t io n  has been to  t r y  to  e s t a b l i s h  th e  normal 

s t r u c t u r e  and development of th e  a o r ta  and coronary  

a r t e r i e s ,  and to  se e  w hether any a p p a re n t  a b n o rm a li t ie s  

show a r e l a t i o n s h i p  to  th e  age ing  p ro cess  a n d /o r  th e  

e c o lo g ic a l  background.

The r e l a t i v e  age of an A fr ic an  e le p h a n t  may b e s t  

be a s se sse d  on th e  b a s i s  o f molar e ru p t io n ,  which i s  

unique in  c h a ra c te r  in  th e  P ro b o sc id es .  In th e  A fr ic an  

e le p h a n t ,  a l i n e a r  p ro g re s s io n  of s i x  mclars moves 

d i s t a l l y  ( a n t e r i o r l y )  a long  each h a lf- jaw #  In  each

mandible th e  com plete l i n e a r  s e r i e s  of m olars c o n s i s t s  

of a p o t e n t i a l  t o t a l  o f  57 lam inae. As each lam ina 

reach es  a p o s i t io n  above th e  foramen m entale  o f  th e  

m andible, i t s  r o o t s  a re  re s o rb e d ,  and th e  crown 

becomes l i a b l e  to  f ra g m e n ta t io n .  The p o t e n t i a l  

maximum l i f e  span  of th e  A fr ic an  elepheuit th u s  has a 

p o s s ib le  57 lam inary  in c rem en ts .  The r e l a t i v e  age of 

an A fr ic an  e le p h a n t  may th e r e f o r e  be d e sc r ib e d  e i t h e r  

by d i r e c t  r e f e r e n c e  to  th e  number o f  th e  in d iv id u a l  

lamina s i tu a t& d  above th e  foramen m entale  of th e
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r i g h t  mandible (T ab le  I ,  column J ) ,  o r by r e f e r e n c e  

bo th  to  th e  r e l e v a n t  molar and th e  number of i t s  own 

lam ina then  p o s i t io n e d  above th e  foramen m entale 

(Tab le  I ,  column 2 ) ,  (S ik e s  1966b ) .

No uniform  system of age g roup ing , as used 

g e n e ra l ly  in  e c o lo g ic a l  s t u d i e s ,  has been s a t i s f a c t o r i l y  

a p p l ied  up to  th e  p r e s e n t  tim e in  th e  case  of A fr ican  

e le p h a n ts .  This i s  p robab ly  due to  th e  la c k ,  in  th e  

p a s t ,  of a s p e c i f i c  end r e l i a b l e  f i e l d  age ing  te c h n iq u e .  

I t  i s  conven ien t to  d e s c r ib e  A fr ic an  e le p h an ts  in  terms 

o f molar age g roups . From th e  e c o lo g ic a l ,  b eh a v io u ra l  

and economic a s p e c t s ,  however, i t  i s  undoubted ly  more 

r e a l i s t i c  to  fo l lo w  th e  n a tu r a l  s o c i a l  age groups which 

t y p i c a l l y  occur in  g re g a r io u s  s p e c ie s  having  a h ig h ly  

developed community s t r u c t u r e .  A n a t u r a l l y  o c c u rr in g  

s o c ia l  age group system found in  w ild  e lep h an t commun

i t i e s ,  compared w ith  m olar age g roups , i s  in d ic a te d  

in  Table I ,  column 1.

From measurements made a t  au topsy  on a o r ta e  in  

s i t u , and subsequen t com parative measurements on 

f ix e d  m a te r i a l ,  i t  was found th a t  th e  normal a o r t a  i s  

about 35 cm long  j u s t  b e fo re  b i r t h ,  I 70 cm in  a l a r g e .
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f u l l y  grown b u l l  of 340 cm sh o u ld e r  h e ig h t ,  and 130 cm 

in  a f u l l y  grown cow of 26o cm sh o u ld e r  h e ig h t .  The 

normal r a t i o  o f  th e  i n t e r n a l  c ircum ference  of th e  

lumen a t  th e  a ttachm en t s c a r  of th e  ductus  a r t e r i o s u s  

to  t h a t  j u s t  d i s t a l  to  th e  r e n a l  a r t e r i e s  in  a young 

c a l f  i s  0 ,7;  and in  an a d u l t  animal 0 . 6 .  I n v e s t ig a t io n s  

of th e  d e t a i l e d  h is to lo g y  of th e  normal a o r ta  in  

d i f f e r e n t  age groups i s  s t i l l  in  p ro g re s s .

T r ia n g u la r  f ib ro u s  re in fo rc em en t p laques occur in  

a l l  th e  normal e lep h an t a o r ta e  a v a i l a b l e .  These l i e  

j u s t  d i s t a l  to  th e  ostium  of each b ranch  a r t e r y  and 

a re  r e a d i ly  v i s i b l e  to  th e  naked eye on th e  in t im a i  

s u r f a c e ,  u s u a l ly  having a s l i g h t l y  p a l e r  co lou r  th an  

th e  a d ja c e n t  in t im a i  s u r fa c e  in  th e  f r e s h  a o r t a .

In  th e se  re in fo rc e m e n t p la q u e s ,  bo th  th e  in tim a and 

th e  media a re  th ickened  and more f ib ro u s  than  th e  

ne ighbouring  a r e a s .  In  a l l  ca lv es  and ju v e n i le s  

examined, su d a n o p h il ic  m a te r ia l  was abundant w i th in ,  

and confined  t o ,  th e se  re in fo rc em e n t p la q u es .  This 

was a l s o  t r u e  of th e  montane specimens (w ith  th e  

ex cep tio n  of th e  young l a c t a t i n g  cow, specimen No.100) 

of th e  a d u l t  age g roups. I t  seems re a s o n a b le ,
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t h e r e f o r e ,  t o  su p p o se  t h a t  th e  p r e s e n c e  o f  s u d a n o p h i l i c  

m a t e r i a l  w i t h i n  t h e  i n t i m a  o f  t h e s e  r e i n f o r c e m e n t  

p la q u e s  i s  t y p i c a l  o f  t h e  norm al e l e p h a n t  a o r t a .

W ith a  s i n g l e  e x c e p t i o n  (sp e c im e n  N o .1 3 2 ) ,  no c a l v e s , a n d  

j u v e n i l e s  a t  a l l ,  o r  m ontane  sp e c im en s  o f  any  age  g ro u p ,  

c o n ta in e d  any  d e p o s i t s  o f  C alc ium  e i t h e r  i n  t h e  t u n i c a  

i n t i m a  o r  t h e  t u n i c a  m e d ia , d i r e c t l y  d e t e c t a b l e  

v i s u a l l y ,  o r  by  t h e  h i s t o l o g i c a l  o r  X -ra y  t e c h n iq u e s  

u s e d ,  up to  t h e  p r e s e n t  s t a g e  i n  t h i s  i n v e s t i g a t i o n .  

I n c i n e r a t i o n  t e c h n iq u e s  c a n n o t  be  a p p l i e d  t o  t h e  

a v a i l a b l e  sp e c im e n s  u n t i l  t h e  o t h e r  i n v e s t i g a t i o n s  

on them h ave  a l l  b een  c o m p le te d .  Specim en 132 was 

a  young  b u l l  c o l l e c t e d  from  an  a r e a  m a rg in a l  t o  t h e  

m ontane  h a b i t a t  t y p e ,  b o r d e r i n g  on s c r u b l a n d ,  and may 

be  a  t r a n s i t i o n a l  c a s e .  Even sp e c im en  I 5 2 , a n  o l d e r  

b u l l ,  i n  m o la r  ag e  g ro u p  V, t a k e n  i n  a  t r u e  m ontane 

h a b i t a t ,  had  no d e t e c t a b l e  a o r t i c  C alc ium  d e p o s i t s .  

U n f o r t u n a t e l y ,  e l d e r l y  b u l l s  a r e  r a r e l y  o b t a i n a b l e  

f o r  s t u d y  i n  u n r e s t r i c t e d  m ontane h u n t in g  z o n e s ,  

h a v in g  b een  a lm o s t  e n t i r e l y  s h o t  o u t  f o r  t h e  i v o r y  t r a d e .
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B. A bnorm alit ies  found In  th e  a o r ta e  examined 

1) C ongen ita l a b n o rm a li t ie s  

Very few c o n g e n ita l  a b n o rm a l i t ie s  were observed 

in  th e  a o r ta e  examined. In  one case  th e  c o e l ia c  and 

s u p e r io r  m e se n te r ic  a r t e r i e s  (specimen No.1 2 1 ) , in  an o th e r  

bo th  r e n a l  a r t e r i e s  (specimen No. 8 4 ) had a common 

o r ig in  in  th e  a o r t a .  In  s e v e ra l  c a s e s ,  v a r i a t i o n s  

in  th e  p o s i t i o n  of th e  o s t i a  o f  th e  v e r t e b r a l  a r t e 

r i e s  in  th e  d o r s a l  w all of th e  a o r ta  were n o te d .

One c o n d i t io n ,  f r e q u e n t ly  b u t no t i n v a r i a b ly ,  found 

was an i r r e g u l a r  degree  of f e n e s t r a t i o n  in  thejcusps 

o f th e  a o r t i c  and pulmonary v a lv es  of th e  h e a r t .

D e ta i le d  exam ination  of th e se  i s  no t com plete, 

and i t  i s  n o t c l e a r  w hether th e se  may have any 

e f f e c t  upon blood flow  in  th e  coronary  a r t e r i e s  and 

th e  a o r t a .

i i ) A o r t ic  l i p i d o s i s

As in d ic a te d  above, th e  p resen ce  of su d a n o p h il ic  

m a te r ia l  w i th in  th e  tu n ic a  in tim a  o f th e  f ib ro u s  

re in fo rc e m e n t p laques  of th e  e lep h an t a o r ta  appears  

to  be norm al. However, a l l  th e  specimens c o l le c te d  

from sc ru b la n d  and g ra s s la n d  h a b i t a t s  a l s o  had
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s u d a n o p h il ic  m a te r ia l  d i s t r i b u t e d  in  a re a s  of th e  

in tim a  a d d i t io n a l  to  th e  f ib ro u s  re in fo rcem en t 

p la f u e s .  The ex ac t lo c a t io n  and p e rcen tag e  a re a  

of th e  a o r t a  w all  c o n ta in in g  su d a n o p h il ic  m a te r ia l  

in  oases a l s o  showing heavy Calcium d e p o s i t s  was 

d i f f i c u l t  to  a s s e s s  a c c u r a te ly ,  b u taaeas  c o n ta in in g  

s u d a n o p h il ic  m a te r ia l  g e n e ra l ly  seemed to  be l e s s  

c l e a r l y  d e f in e d  than  in  ca ses  w ith  low Calcium p e r 

ce n ta g e s .

S udanoph ilic  m a te r ia l  was g e n e ra l ly  abundant 

in  w e l l -d e f in e d  aureas in  l a c t a t i n g  cows, th e  Sudan IV 

s t a i n  assuming a more o ran g e-red  .c o lo u ra t io n  th an  

in  o th e r  specim ens. The only  cow c o l le c te d  in  

advanced pregnancy had a s t r i k i n g l y  h igh  l i p i d o s i s
i .  V

of the aorta, of an order ottly found otherwise in the 
very senile and decrepit old cow. No.107# I t  is
possible that this represented a combination of 
factors relating to the pregnancy itself as well as 
to an additional aortitis of unknown aetiology.

In  some c a s e s ,  a c o n d i t io n  resem bling  atherom a, 

c h a ra c te r i s e d  by th e  p re se n ce  of f ib r o u s  'b u t t o n s ' ,  

' s t r e a k s '  and l a r g e r  p la q u e s ,  o f te n  a l s o  c o n ta in in g
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s u d a n o p h il ic  m a te r ia l ,  and sometimes o v e r ly in g  

in t im a i  and m edial Calcium d e p o s i t s ,  a l s o  occurred  

i n  e lep h a n ts  from th e  sc ru b lan d  and g ra s s la n d  h a b i t a t s  

In  a few of th e s e  cases  some e x te n s iv e  p laques a l s o  

o cc u rred , p r e s e n t in g  a "p e a r ly  grey" appearance in  

th e  f r e s h  a o r t a ,  o f te n  d e sc r ib e d  as ty p ic a l  o f a t r u e  

atherom atous p laque  (B e r te ls e n  I 9 6 3 ) .

One cannot escape th e  im press ion  t h a t  the  

o range-red  s t a i n i n g ,  t y p i c a l l y  found in  th e  a o r ta e  

of th e  l a c t a t i n g  cows, may r e p r e s e n t  a s p e c i f i c  type  

of l i p i d  d e p o s i t ,  perhaps of a tem porary n a tu re .  This 

p o in t ,  however, would on ly  be e lu c id a te d  by a d e t a i l 

ed b iochem ical a n a ly s i s  o f th e  in t im a i  l i p i d s  in  th e  

d i f f e r e n t  types of p laq u e .

Yet a n o th e r  c h a r a c t e r i s t i c  type  of p la q u e , found 

in  th e  a o r ta e  of e le p h an ts  from b o th  sc ru b lan d  and 

g ra s s la n d  h a b i t a t s ,  co n ta in ed  su d a n o p h il ic  m a te r ia l  

a s s o c ia te d  w ith  th e  p resen ce  of Calcium and œ em bled 

s im i la r  p laq u es  seen  in  th e  a o r ta e  of o th e r  sp e c ie s  of 

u n g u la te s ,  and u s u a l ly  a s s o c ia te d  w ith  th e  p resen ce  of 

m ig ra to ry  p a r a s i t i c  worms. In  two of th e  specimens 

from th e  g ra s s la n d  h a b i t a t  (Nos. 21 and 2 3 ) p a r a s i t i c
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nematode worms thought to  be T o ia s c a r ls  e le p h a n t is  

were lo c a te d  in  th e  v e n t r a l  a d v e n t i t i a  of the th o ra c 

i c  a o r t a ,  b u t none has y e t  been c o n c lu s iv e ly  lo c a te d  

o r i d e n t i f i e d  w i th in  th e  media o r in t im a  o f an 

e lep h an t  a o r t a .

These f in d in g s  seem to  su g g es t  t h a t  th e  d e p o s i t io n  

of l im i te d  amounts of su d a n o p h il ic  m a te r ia l  i n  th e  

a o r t i c  in tim a  o f th e  A fr ic a n  e lep h an t ta k e s  p la c e  as 

a normal o ccu rren ce  w ith in  th e  f ib ro u s  re in fo rc e m e n t 

p la q u e s ,  and t h a t  some in c re a s e  in  s u d a n o p h il ic  d e p o s i t s ,  

p o s s ib ly  a s s o c ia te d  w ith  a r e v e r s i b l e  b iochem ical change, 

may a ls o  be a normal o ccu rrence  d u r in g  th e  p e r io d  of 

l a c t a t i o n .  On th e  o th e r  hand, an e x te n s iv e  d i s t r i b u t i o n  

of in t im a i  s u d a n o p h il ic  m a te r ia l  i n  f ib ro u s  and c a l c i 

f i e d  ' b u t t o n s ' ,  ' s t r e a k s '  a n d 'p la q u e s '  seems to  be 

abnormal, th e  l e s io n s  f a l l i n g  in to  th r e e  f a i r l y  d i s t i n c t  

ty p e s ,  namely th o se  resem bling  human atherom a, th o se  

resem b lin g  l e s io n s  a s s o c ia te d  in  o th e r  sp e c ie s  w ith  

th e  p resence  o f m ig ra to ry  p a r a s i t i c  worms, and th o se  

a p p a re n t ly  r e s u l t i n g  from an a o r t i t i s  o f unknown 

a e t io lo g y .

The s c a t te rg ra m , F ig .  2 , i n d ic a t e s  th e  cases  in  

which an in c re a s e  in  l i p i d o s i s  occurred  d u r in g  l a c t a t i o n .
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111) Calcium d e p o s i t s  in  th e  tu n ic a  in tim a  

and tu n ic a  média of e lep h an t a o r ta e

No Calcium d e p o s i t s  were d e t e c t a b le  by th e  methods 

d e sc r ib e d  he re  in  th e  a o r ta e  of any of th e  c a lv e s ,  juve

n i l e s ,  or montane e le p h a n ts  c o l l e c te d ,  w ith  th e  ex cep tio n  

of specimen No.132 mentioned above.

In  most of th e  C a lc iu m -p o s it iv e  a o r t a e ,  th e  

Calcium d e p o s i t s  w ith in  th e  a o r ta  fo llow ed  a c o n s i s te n t  

p a t t e r n  of developm ent. D ev ia tions  from t h i s  p a t t e r n ,  

however, occurred  in  a few c a se s ,  where th e  shape and 

arrangem ent of th e  p laques  showed some resem blance 

to  a o r t i c  p laq u es  found by th e  au th o r  i n  o th e r  sp e c ie s  

of E ast A fr ic a n  u n g u la te s  to  be a s s o c ia te d  w ith  th e  

p resen ce  of m ig ra to ry  p a ra A i t io  worms. P a r t i c u l a r  

examples a re  th e  f i l a r i i d  worms Elaeophora p o e l i  

(Sandground 1938; D innik , Walker e t  a l . 1963) and 

Onchocerca a r m i l l a t a  (Yamaguti I 9 6 3 ; Chodnik 1957; 

C larkson 19&4)#

In  F ig .  3f th e  p e rc e n ta g e  a re a  d i s t r i b u t i o n  of 

Calcium d e p o s i t s  in  the  combined media and in tim a  

of th e  a o r ta e  o f th e  e le p h a n ts  examined i s  shown 

to  be markedly h ig h e r  in  th e  g ra s s la n d  than  in  th e
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scrubland habitat. Detailed analyses of intra-aortic 
area distribution of Calcium tend to confirm the indi
cation that all adult elephants from the lowland habitats 
studied are susceptible to some degree of Caclium deposi
tion, but that this occurs to amuch greater degree in 
the Uganda grassland habitat type.

Although the author was unable to detect any 
recognisable signs indicative of a condition of high 
aortic lipidosis by long-range observations on the 
living, wild animal, such signs were evident in the 
case of elephants with advanced Calcium deposition 
in the aorta. Such elephants are markedly immobile 
and sluggish and tend to stand with the head drooping 
forward from the shoulders. The skin of the dorsum 
usually appears to be particularly keratinous and 
dry, with the ridge prominent, and the quarters 
•falling away*. Often there is general emaciation.
When disturbed, such elephants often appear to be 
aggressive and irritable, but rarely seem to react 
with sustained vigour. The appearance of such animals 
often suggests premature senility.

Measurements of the aortae containing Calcium
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d e p o s i t s  show t h a t  th e re  i s  a s t a r t l i n g  c o n s t r i c t i o n  

of th e  lumen even in  th e  e a r ly  s ta g e s  of c a l c i f i c a t i o n  

and in  advanced cases  an alm ost t o t a l  lo s s  o f e l a s t i 

c i t y .  The r a t i o  o f th e  i n t e r n a l  c ircum ference  of 

th e  lumen a t  th e  a ttachm ent s c a r  o f th e  ductus a r t e r io s u s  

to  t h a t  d i s t a l  to  th e  r e n a l  a r t e r i e s  was found in  two 

cases  to  be only  0.4* The p o s t e r i o r  p o r t io n s  of th e  

a o r ta e  of th e se  specimens (Nos. 18 and 9 3 ) ,  bo th  from 

th e  Uganda g ra s s la n d  h a b i t a t ,  resem bled r i g i d  p ip es  

when removed f r e s h  from th e  c a rc a s s e s  a t  au topsy . In 

th e  most advanced c a se s ,  t o t a l  o c c lu s io n  of some o f th e  

o s t i a  of th e  v e r t e b r a l  a r t e r i e s  was found , as w e ll  as 

p a r t i a l  o c c lu s io n  in  a few cases  of th e  o s t i a  of th e  

t e s t i c u l a r ,  o v a r ia n ,  r e n a l  and common i l i a c  a r t e r i e s .

In  no case  has Calcium been d e te c te d  w ith in  th e  

coronary  a r t e r i e s  of th e se  specim ens, bu t a marked 

narrowing of th e  coronary  o s t i a  occurred  in  specimens 

Nos. 93; l 8 ,  21 and 86, w ith  some lo s s  of e l a s t i c i t y  in  

th e  a o r t i c  a rc h .  C a lc i f i e d  p laques were a lso  lo c a te d  

w ith in  th e  c a r o t id ,  b r a c h i a l ,  common i l i a c  and fem oral 

a r t e r i e s  in  a number of c a s e s .  The h e a r t s  of some 

specimens w ith  advanced Calcium d e p o s i t io n  were



— _

-  26 -

n o t ic e a b ly  l a r g e r  and more f l a c c i d ,  b u t l i g h t e r  in  

w eight than  h e a r t s  from o th e r  e le p h a n ts  of comparable 

s i z e  and age . I t  seems p o s s ib le  th e r e fo r e  t h a t  advanced 

a r t e r i a l  c a l c i f i c a t i o n  of t h i s  type may im pair c i r c u l a 

to ry  e f f i c i e n c y .

Although no ev idence i s  a v a i l a b le  as to  whether 

throm bi ever occur in  th e  b lo o d -v a sc u la r  system of the 

A fr ic a n  e le p h a n t ,  a case  of f a t a l  coronary  i n s u f f i 

c iency  has been d e sc r ib e d  in  a c a p t iv e  fem ale In d ian  

e le p h a n t  (L indsay , Skahen e t  a l .  I 9 5 6 ) .  The n a t u r a l l y  

o c c u rr in g  d e a th s  o f  two A fr ican  e le p h a n ts ,  supposedly  

due to  c a rd ia c  f a i l u r e ,  were w itnessed  independen tly  

by S en io r N a tio n a l Parks O f f ic e r s ,  in  g ra s s la n d  a r e a s ,  

and d esc r ib ed  in  d e t a i l  to  th e  a u th o r .  I t  i s  p o s s ib le  

t h a t  th e se  cases  could be a t t r i b u t e d  to  coronary 

i n s u f f i c i e n c y  a s s o c ia te d  w ith  advanced a r t e r i a l  

c a l c i f i c a t i o n .  I t  i s  a l s o  p o s s ib le  t h a t  th e  co n d i t io n  

cou ld , in  a v e ry  h e a v i ly  a f f e c te d  e le p h a n t  p o p u la t io n  

such as t h a t  o c c u rr in g  nowadays in  th e  Murchison 

F a l l s  N a tio n a l Park  emd e n v iro n s ,  b r in g  about an 

o v e r a l l  r e d u c t io n  of p o t e n t i a l  lo n g e v i ty .

V. CONCLUSIONS AND DISCUSSION

From th e  i n t i t i a l  in v e s t ig a t io n s  made on th e
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cardiovascular material available from the forty 
African elephants recently collected, it is apparent 
that sudanophilic material in the aorta, confined to 
the areas of fibrous reinforcement plaques, occurs 
normally in elephants from all types of habitat. The 
occurrence and distribution of sudanophilic material 
in other areas of the aortic wall of the elephant, 
however, appears to vary in character. No specific 
factor related to the habitat can at present be suggest* 
ed as showing a direct connection with the presence of 
these abnormal fatty plaques, beyond noting their 
absence (except during lactation) in montane elephants.

The deposition of Calcium in the elephant aorta, 
however, appears Always to be abnormal. When it 
occurs, it usually develops in a distinctive distri
bution pattern common to elephants collected both 
from grassland and scrubland habitats, but differing 
markedly in degree in comparable age groups from the 
two habitats, advancing much more rapidly in the 
grassland elephants, and apparently considerably 
reducing their mobility and potential longevity.

In attempting to suggest an environmental factor
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which might he d i r e c t l y  o r i n d i r e c t l y  c o r r e la te d  

w ith  th e  ecology o f th i e  Calcium derangement in  

e le p h a n ts ,  n u t r i t i o n a l  f a c t o r s  would seem to  he 

obv io u s ly  im p o r ta n t .  The alm ost t o t a l  la c k  o f 

a rb o re a l  p ro d u c ts  such as f r u i t ,  b a rk ,  woody f i b r e  

and f o l i a g e  in  th e  d i e t  of th e  g ra s s la n d  e le p h a n ts  

might su g g e s t  a m inera l a n d /o r  v itam in  d e f ic ie n c y  ir>.taiaMtc 

i n d i r e c t l y  a f f e c t i n g  Calcium metabolism (Cameron 1964 ; 

Abraham I 9 6 4 ; Sodeman 196 I ) .  The change from a mainly 

a rb o re a l  d i e t  to  an alm ost e x c lu s iv e ly  gram inivorous 

one might have caused a s i g n i f i c a n t  change in  th e  

r e l a t i v e  l e v e l s  of Calcium and Phosphorus d i r e c t l y  

a v a i l a b le  in  th e  d i e t  (Bax and S h e ld r ic k  I 9 6 3 ); o r  

perhaps th e  alm ost complete r e s t r i c t i o n  of th e se  

e le p h a n ts  to  th e  env irons  of re se rv e^n d  p ark  a re a s  

may have denied  them t h e i r  form er d i r e c t  access  to  

e s s e n t i a l  m in e ra l s u p p l ie s  in  s a l t  l i c k s  an the  

m ig ra to ry  r o u t e s .

The m in era l co n te n ts  of w ater s u p p l ie s  may a l s o  

d i f f e r  in  th e  d i f f e r e n t  h a b i t a t  ty p e s ,  b u t ,  a l though  

t h i s  may be im portan t ( Sodeman I 9 6 1 ) ,  they  have n o t 

y e t  been ch em ica lly  in v e s t ig a te d  in  t h i s  c o n te x t .
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However, the most striking single ecological 
feature obviously differing in the three habitat 
types from which the elephants in this study were 
collected is the degree to which indigenous forest 
cover still exists.

Elephants in the montane habitats still live 
in conditions which have probably been natural to 
them for centuries. Fodder consists predominantly 
of arboreal browse and chew, and exposure to direct 
sunlight is limited, the warmer parts of the daytime 
being spent in the cooji forest glades. Calving is 
confined to the privacy of the cool forest depths, 
and calves are never subjected to long periods of 
exposure to the sun during treks to and from watering 
points or feeding grounds.

The denial of access by elephants to unspoiled 
indigenous forest areas, and confinement to the 
limited areas available in the environs of lowland 
reserves and parks results in abnormal pressure on 
fodder supplies. Trees are felled and stripped of 
bark, foliage and fruit, with the consequent reduction 
of available shade, and remaining forest stands are
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p ro g r e s s iv e ly  destroyed# The e lep h an t  community 

s t r u c t u r e  i s  u p s e t  th rough  overcrowding due to  th e  

re d u c t io n  of a v a i l a b le  ground space and c lo s u re  of 

m ig ra t io n  r o u te s ;  and such e lep h an ts  o f te n  in d u lg e  

in  f r u s t r a t e d  a g g re s s iv e  behav iour r e s u l t i n g  in  

a p p a re n t ly  wanton h a b i t a t  d e s t r u c t io n .

I f  u n c o n t ro l le d  f i r i n g  of th e  bush a l s o  o c c u rs ,  

as i t  does every y e a r  in  bo th  th e  Uganda g ra s s la n d  

and th e  Tsavo sc ru b la n d ,  th e  s i t u a t i o n  i s  aggrava ted  

y e t  f u r t h e r  and, as p re v io u s ly  m entioned, in  th e  Tsavo 

sc ru b lan d  th e  o v e r -c o n c e n tra t io n  of e le p h a n ts  i s  a l s o  

p a r t i c u l a r l y  h igh  around a r t i f i c i a l  w ater  s u p p l i e s .

With ex c ess iv e  exposure to  th e  sun , th e  s k in  

becomes abnorm ally  d ry ,  a c o n d i t io n  a l s o  p a r t i c u l a r l y  

a s s o c ia te d  w ith  heavy a o r t i c  c a l c i f i c a t i o n  (Abraham I 9 6 4 ) 

The e le p h an ts  a t tem p t to  a l l e v i a t e  t h i s  s i t u a t i o n  by 

th e  re p e a te d  use  o f m ud-therapy, by wallowing and then  

powdering th e  s k in  w ith  d ry  d u s t ,  bu t as th e  ’mud-pack’ 

d r i e s  and c racks  th e  i r r i t a t i o n  r e c u r s ,  and they  

c o n s ta n t ly  rub  a g a in s t  th e  few rem ain ing  t r e e  t r u n k s ,  

thus  e f f e c t i v e l y  r in g -b a rk in g  and k i l l i n g  them. This 

behav iour c o n t r a s t s ,  bo th  in  th e  deg ree  to  which i t
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ocours and i t s  e f f e c t  on th e  t r e e s ,  w ith  t h a t  of 

e le p h a n ts  in  n a t u r a l  montane h a b i t a t s .

H ab ita t  d e s t r u c t io n  has advanced so f a r  in  th e  

Uganda g ra s s la n d  environment t h a t  some e lep h an ts  s u f f e r  

a lm ost c o n s ta n t ,  y e a r - lo n g  daytime exposure to  th e  sun .

In  th e  Tsavo sc ru b lan d  th e  change i s  as y e t  incom ple te  

b u t  i s  advancing r a p id ly  towards a s im i l a r  s i t u a t i o n .  

(B o u r l ie r e  I 9 6 5 ). I t  i s  im p o ss ib le  to  overlook  th e  

im p l ic a t io n  he re  t h a t  pro longed exposure to  d i r e c t  

s u n l ig h t  may have p a r t i c u l a r  s ig n i f i c a n c e ,  e s p e c i a l ly  

in  r e l a t i o n  to  th e  derangement of Calcium metabolism 

in d ic a te d  in  th e  e le p h a n ts  s tu d ie d ,  i n  th e  p ro g re s s iv e  

d e p o s i t io n  of Calcium in  th e  a o r ta  w a l l .  H ypervitam in- 

o s i s  V i s  known to  be d i r e c t l y  a s s o c ia te d  w ith  a o r t i c  

Calcium d e p o s i t io n  in  mammals (Sodeman I 96 I ;  Abraham I 9 6 4 ; 

Cameron 1 9 6 4 ) ;  and i t  may th e r e fo r e  be supposed t h a t  

ex c ess iv e  exposure to  s u n l i g h t ,  of a sp e c ie s  norm ally  

sh a d e-ad ap ted , could be a s s o c ia te d  w ith  th e  occurrence  

of a o r t i c  Calcium d e p o s i t s ► Length and p e r i o d i c i t y

o f exposure to  l i g h t ,  however, a re  a l s o  known in  

c e r t a i n  sp e c ie s  of mammals andjbirds to  be c o r r e la te d  

w ith  se a so n a l  and m ig ra to ry  rhythm s, and a s s o c ia te d
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endocrine  changes (Rowan 1925} Farmer 1955? D elos t I 96O; 

1962 ; Thomson 1 9 6 4 )*

Although a d i s t i n c t  e c o lo g ic a l  c o r r e l a t i o n  i s  

in d ic a te d  by th e  f in d in g s  of t h i s  p i l o t  s tu d y  on w ild  

A fr ic a n  e le p h an ts  between c a rd io v a s c u la r  d is e a s e  

p a t t e r n s  and environm ent, d a ta  a re  s t i l l  in adequa te  

to  su g g es t  whether an e x p la n a t io n  f o r , t h i s  c o r r e l a t i o n  

shou ld  be sought in  th e  d i r e c t  e f f e c t s  o f prolonged 

exposure to  s u n l ig h t  on metabolism; th e  i n d i r e c t  

e f f e c t s  of l i g h t  s t r e s s  on th e  endocrine  system; 

s t r e s s  s e t  up by a com bination of o v e rp o p u la tio n  

and th e  f r u s t r a t e d  m ig ra to ry  h a b i t ;  o r  sim ply th e  

a v a i l a b i l i t y  of e s s e n t i a l  n u t r i e n t s  in  th e  d i e t .
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PLATES

I# Viewof th e  i n t e r n a l  s u r fa c e  of th e  d o rs a l  a s p e c t

of p o r t io n s  of th e  a o r t a s  of fo u r  A fr ic a n  e le p h an ts

1 . P o r t io n  of th o r a c ic  a o r ta  of montane b u l l

e le p h a n t ,  M.132, showing th e  p o s i t i o n  of r e in f o r c e 

ment p lagues  ( rp )  b u t no d e t e c t a b le  ab n o rm a lity ,

2 . P o r t io n  of th o r a c ic  a o r ta  of an e ld e r ly

sc ru b lan d  b u l l  e le p h a n t ,  M .II6 , w ith  no d e t e c t a b le

abnormal d e p o s i t s  of Calcium or su d a n o p h il ic  m a te r ia l ,  

bu t showing a d i s t i n c t i v e  w rin k lin g  of th e  in t im a i  

su r fa c 6 fs e e n  in  s e v e r a l  e ld e r ly  b u l l  e le p h a n ts  and 

thought to  occur in  th e  normal th o r a c ic  a o r t a ,  

t y p i c a l l y  a s s o c ia te d  w ith  o ld  age ,

3 , P o r t io n  of abdominal a o r ta  of a l a c t a t i n g  cow

e lep h an t  from sc ru b la n d  h a b i t a t ,  M#1 3 1 , showing e a r ly  

c a l c i f i c a t i o n  (c )  a s s o c ia te d  w ith  th e  p resen ce  of 

e x ten s iv e  r a i s e d  p laques  c o n ta in in g  heavy d e p o s i t s

of s u d a n o p h il ic  m a te r ia l  ( s ) .  S l ig h t  o c c lu s io n  of 

th e  ostium  (o) i s  e v id e n t ,

4 , P o r t io n  of th e  abdominal a o r t a  o f th e  very

e ld e r ly  sc ru b lan d  cow e le p h a n t ,  # ,107 ; showing a 

c r e s c e n t i c  rod  of o rg an ised  Calcium d e p o s i t s  rsem b l-  

in g  bone ( c ) ,  ly in g  j u s t  proxim al to  th e  b i f u r c a t i o n .
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( P l a t e s )

Heavy in t im a i  d e p o s i t s  of su d a n o p h il ic  

m a te r ia l  ( s )  a re  e v id e n t  in  th e  v i c i n i t y  of th e  

c a lc a re o u s  ro d .

I I .  View of th e  i n t e r n a l  s u r fa c e  of th e  d o r s a l  

a s p e c t  of p o r t io n s  of th e  a o r ta e  o f fo u r  

A fr ic an  e le p h a n ts .

1 . P o r t io n  of th e  th o r a c ic  a o r ta  of a g ra s s la n d

b u l l  e le p h a n t ,  M.18, showing advancing c a l c i f i c a 

t i o n  w ith  th e  d e p o s i t io n  o f la rg e  d i s c s  of in t im a i  

and m edial Calcium (c )  and a se v e re  r e d u c t io n  in  

th e  d iam ete r  of th e  ostium  of a branch a r t e r y  ( o ) .

2 . P o r t io n  of th e  abdominal a o r t a  o f  a g ra s s la n d

b u l l  e le p h a n t ,  M*93f proxim al to  th e  o r ig in  of th e  

r e n a l  a r t e r i e s ,  cau s in g  r i g i d i t y  and se v e re  narrow 

ing  of th e  a o r t a ,  and very  advanced o c c lu s io n  of 

th e  o s t i a  of branch a r t e r i e s  ( c ) .

3 . P o r t io n  of th e  abdominal a o r ta  of th e  g ra s s la n d

b u l l  e le p h a n t ,  M.93i showing th e  e x c e p t io n a l ly  l a rg e

and heavy Calcium d e p o s i t s  ( c )  w ith  a s s o c ia te d ,

d i f f u s e l y  d i s t r i b u t e d  su d a n o p h il ic  d e p o s i t s  ( s ) .
4 . P o r t io n  of th e  abdominal a o r t a  of th e  g ra s s la n d  

b u l l  e le p h a n t ,  M.93# showing advanced o c c lu s io n  of two 
o s t i a  of d o r s a l  b ranch  a r t e r i e s  ( o ) ,  and th e  t o t a l  

o c c lu s io n  of th e  two o th e rs  ( t o )  in  th e  v i c i n i t y  of 

th e  o r ig in  of th e  r e n a l  a r t e r i e s .
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TABLE I I

Mean a o r t i c  a r e a  p e rc e n ta g e s  c o n ta in in g  C alcium  

d e p o s i t s  in  two m o lar age  ijreu p s  in  th e  t h r e e

h a b i t a t  ty p e s

r
M olar 
Age Group

G ra ss la n d S c ru b la n d M ontane t

IV 1 3 .4 5 .2 0 . 3

4 4 .5 5 .1 -

11/ 11/66
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THE SERmî MU ADIiMÈL LIPIDS 

OP THE APRICAH ELEPHANT, 

Loxodonta a f r ic a n a

by

J*H. Moore*, The N a tio n a l I n s t i t u t e  f o r  R esearch 
in  D a iry in g , S h in f ie ld ,  R eading .

and S y lv ia  K. S ik e s , N u ff ie ld  I n s t i t u t e  of
Com parative M edicine, The Z o o lo g ica l S o c ie ty  

" .of London, R egen t’ s P a rk , N.W.l*
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fr,.y ^ P re se n t a d d re s s :  The Hannah D a iry  R esearch
'■ ; ' I n s t i t u t e , Ayr, S c o tla n d .
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THE SERUM AND ADRENAL LIPIDS OF THE AFRICAN ELEPHANT (Loxodonta 

.a f  r i c a n a )

J .  H. MOORE, and SYLVIA K. SIKES.

Comp. Biochem. P h y s io l .

The serum and a d re n a l  l i p i d s  o f  th e  A fric a n  e le p h a n t were 

an a ly sed  by s i l i c i c  a c id  chrom atography and g a s - l iq u id  

chrom atography. The r e s u l t s  o b ta in ed  were compared w ith  th e  

r e s u l t s  r e p o r te d  in  th e  l i t e r a t u r e  f o r  o th e r  s p e c ie s .

The c h o le s te r o l  e s t e r s  and p h o sp h o lip id s  o f e le p h a n t serum 

co n ta in ed  a p p re c ia b le  c o n c e n tra tio n s  o f 4  ^

e ic o s a t r ie n o ic  a c id .  The t o t a l  l i p i d  co n ten t o f th e  e le p h an t 

a d re n a l g lan d  was p a r t i c u l a r l y  h ig h  and c h o le s te ro l  e s te r s  

accoun ted  f o r  ab o u t h a l f  o f  th e  a d re n a l l i p i d s .  ^  

e ic o s a t r i e p i c  a c id  was a ls o  p re s e n t  in  a p p re c ia b le  amounts in  

th e  a d re n a l  c h o le s te r o l  e s t e r s  and p h o sp h o lip id s .

v • .

'vl''



THE SERUM AND ADREN^ LIPIDS OF THE AFRICAN ELEPHANT̂

Loxodonta a f r ic a n a

J ,  H. MOORE*, The N a tio n a l I n s t i t u t e  f o r  R esearch 
in  D a iry in g , S h in f ie ld ,  R eading.

and ‘ SYLVIA K. SIKES, N u ffie ld  I n s t i tu te  of
Comparative M edicine, The Z o o lo g ica l S o c ie ty  
o f London, R egen t’ s P ark , N .W .l.

A b s tra c t  -  1 . The serum and a d re n a l l i p i d s  o f th e

A fr ic a n  e le p h a n t were f r a c t io n a te d  by chrom atography

on columns o f s i l i c i c  a c id  in to  c h o le s te r o l ,  c h o le s te ro l

e s t e r s ,  t r i g l y c e r i d e s ,  u n e s te r i f ie d  f a t t y  a c id s  and

p h o sp h o lip id s . The f a t t y  a c id  com positions o f th e

v a rio u s  l i p i d  f r a c t io n s  were determ ined  by g a s - l iq u id

chrom atography.

2 .  The r e s u l t s  o b ta in ed  f o r  th e  A frican  e le p h an t

. were compared w ith  th e  r e s u l t s  re p o r te d  in  th e  l i t e r a t u r e
o\ mammaU.

f o r  o th e r  specieSy^ In  many r e s p e c ts  the  com position o f 

th e  serum l i p i d s  o f  th e  A frican  e le p h a n t was s im ila r  to  

t h a t  o f  the  r a t  and r a b b i t  b u t was m arkedly d i f f e r e n t  

from t h a t  o f  th e  ox and man.

3o U nlike  th e  serum c h o le s te ro l  e s t e r s  and 

p h o sp h o lip id s  o f  o th e r  an im als , th e s e  two l i p i d  f r a c t io n s  

. i n  th e  serum o f th e s e  e le p h an ts  c o n ta in e d  a p p re c ia b le  

c o n c e n tra tio n s  o f  A ^  e ic o s a t r i e n o ic  a c id .

‘ * P re s e n t  a d d re s s ;  The Hg^nnab D a iry  R esearch  I n s t i t u t e ,  
Ayrÿ, S c o tla n d .
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4 . The t o t a l  l i p i d  c o n te n t o f  th e  A frican  e le p h an t

a d re n a l g lan d  was p a r t i c u l a r l y  h igh  (63% o f  th e  dry  t i s s u e ) .

C h o le s te ro l  e s t e r s  accoun ted  f o r  alm ost h a l f  o f  th e  a d re n a l 

8' H  24l i p i d .  A  ’ * e ic o s a tr ie n o ic  a c id  was p re s e n t in

s u b s ta n t ia l  amounts i n  th e  a d re n a l c h o le s te r o l  e s t e r s  and 

p h o s p h o l ip id s . '
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INTRODUCTION

In th e  course  o f  a  re s e a rc h  p r o je c t  c u r r e n t ly  in  p ro g re ss  f o r .  

th e  in v e s t ig a t io n  o f the  in c id en c e  o f c a rd io v a s c u la r  d ise a se  

in  f r e e - l i v in g  w ild  an im als* , f o r  com parison w ith  re c e n t 

f in d in g s  in  c a p tiv e  w ild  an im als (F in lay so n , Symons & F iennes 

1962 ; F ien n es 19^5; F in la y so n  19^3) th e  A frica n  e le p h a n t, 

Loxodonta a f r i c a n a , was found in  c e r ta in  l o c a l i t i e s  to  be 

s u s c e p tib le  to  a c o n d itio n  resem bling  a th e r o s c le r o s i s .  In  

s e m i- r e s t r ic te d  h a b i t a t s ,  such as n a t io n a l  p a rk s . and t h e i r  

neighbourhood, w ith  h ig h -d e n s ity  e le p h an t p o p u la tio n s , the  

in c id en ce  o f th e  c o n d itio n  was h ig h , whereas in  u n r e s t r ic te d  

h a b i ta t s  c o n ta in in g  lo w -d e n s ity  e le p h a n t p o p u la tio n s  the  

in c id en c e  was v e ry  low .

M eaningful i n te r p r e t a t i o n  o f  the  c a rd io v a s c u la r

d is e a s e  p a t te r n s  seen  in  those  A frica n  e lep h an ts  and t h e i r

c o r r e la t io n  w ith  one o r  more env ironm enta l f a c to r s  must depend '

upon th e  p o sse s s io n  o f  adequate  g e n e ra l background d a ta  b o th

on the b io lo g y  o f th e  sp e c ie s  i t s e l f ,  and on th e  ecology of

th e  p a r t i c u l a r  h a b i ta t s ’ s tu d ie d .  I t  has been p o s s ib le ,  d u rin g

the  p re s e n t  p r o je c t  to .o b ta in  abundant background d a ta  on
m3 lUa rfjAm

f o r ty  e le p h a n ts  o f  b o th  sexes and rep re se n t^ a & l age groups oj 'he 

p o te n t i a l  l i f e  span o f th e  s p e c ie s , and a ls o  from 3 c o n tra s te d  

h a b i t a t s .  From th e s e " d a ta  i t  i s  hoped to  determ ine  f i r s t l y  

th e  norm al s t r u c tu r e  and developm ent o f th e  b lood  v a sc u la r  system  

and o f th e  b lood  ch em is try , and second ly  to  id e n t i f y  any 

d e v ia tio n s  from th e  norm in  th e  f o r ty  e le p h a n ts  b o ing- s tu d ie d .

* F inanced  by th é  B r i t i s h  H eart F oundation
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The a n a ly s is  o f  serum l i p i d s  from th e  b lood  of 

f iv e  o f  th e se  A fr ic a n  e le p h a n ts  and a d re n a l l i p i d s  from a 

s ix th  a re  d e sc r ib e d  here  and th e  r r r y .  -i r e s u l t s

a re  d is c u s se d , and compared w ith  th e  r e s u l t s  o f  s im i la r  

a n a ly se s  made f o r  o th e r ’ sp e c ie s  o f  mammal.

MATERIALS AND METHODS 

■ (a) Animals and f i e l d  c o l le c t io n  o f  m a te r ia l

The A frica n  e le p h a n ts  used in  th e  c u rre n t s tu d y  

on c a rd io v a s c u la r  d is e a s e  were sh o t in  Uganda and Kenya 

du ring  th e  p e r io d  19^4- 3 , and in  every  case examined in  

c o n s id e ra b le  d e t a i l  p o s t mortem in  th e  f i e l d .  C o n sis te n t 

body m easurem ents, g ro ss  sam ples o f  th e  main o rgans, e c o lo g ic a l  

d a ta ,  and s ta n d a rd is e d  sam ples f o r  h is to lo g y  and h is to c h e m is try , 

- as w e ll a s  b lo o d  serum, were r o u t in e ly  c o l le c te d  f o r  f u r t h e r  __

; s tu d y . In  a d d i t io n ,  th e  a d re n a l  g lands o f  one e lep h an t were 

s p e c ia l ly  e x tr a c te d  from th e  f r e s h ly - k i l l e d  c a rc a ss  in  th e  

minimum tim e p o s s ib le  and f ro z e n  down f o r  subsequent l i p i d  

a n a ly s is  •  . .

The method used  f o r  th e  c o l le c t io n  o f  b lo o d , and 

th e  s e p a ra t io n  o f  serum from the  f iv e  e le p h a n ts  o f  w hich th e  

l i p i d  a n a ly s is  i s  d e sc r ib e d  he are, was determ ined  a f t e r  t e s t i n g  

d i f f e r e n t  methods in  th e  f i e l d  w ith  v a ry in g  deg rees o f  

s u c c e s s . The s u c c e s s fu l  c o l le c t io n  o f  b lood  from sh o t 

8Lnimals depends,.to  a la rg e  e x te n t  upon th e  type o f  b u l l e t  u sed ,

;  and i t s  s i t e  .ofI  e n tr y  and passage in to  th e  body. I n i t i a l l y
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th e re fo re  i t  was n e c e ssa ry  to  de te rm ine  e x p e r im e n ta lly  th e  

b e s t  method o f • k i l l i n g  the an im al.

S ince th e  use  o f  th e  t r a n q u i l l i z e r  d a r t  tech n iq u e  

• • was no t p r a c t ic a b le  in  th e  p re v a i l in g  c ircu m stan ces , the  

specim ens were sh o t u s in g  a  h e a v y -c a lib re  s p o r t in g  r i f l e .

I t  was found t h a t  th e  u se  o f a s o l id ,  a n g le - t ip p e d  b u l le t  

f i r e d  in to  th e  b r a in  ensu red  th e  c o l le c t io n  o f  adequate 

• q u a n t i t ie s  o f  b lood  and th e  s e p a ra tio n  o f c le a r  serum. T his 

method had th e  added advan tage  o f  causing  in s ta n ta n e o u s  d e a th , 

so t h a t  no r e a c t io n s  to  sudden s t r e s s  r e s u l t i n g  from f e a r  o r  

T p a in  o c c u rre d , and th e  a d re n a l  g lands were a p p a re n tly  q u ite  

u n a f fe c te d . M oreover i f  th e  "tem ple sho t"  was used  even 

; - . th e  p i t u i t a r y  g lan d , a s  w e ll a s  th e  main a r t e r i e s  supp ly ing  

L th e  b ra in , were undamaged.

S ince an e le p h a n t sho t in  th e  tem ple u s u a l ly  f a l l s  

> tow ards th e  r i f l e , and the  p o s t mortem exam ination  i s  b e s t  

; perform ed w ith  th e  l e f t  f la n k  upperm ost, th e  m a jo r ity  o f 

e le p h a n ts  c o l le c te d  were sh o t from th e  r i g h t .  As th e . v e in s  

of th e  e a r  o f te n  c o lla p s e  a t  d e a th , th e s e  were u s u a l ly  ig n o red  

j f o r  pu rposed  o f  b lood  c o l le c t io n ,  and th e  b lood  was u e u a l ly  

c o l le c te d  from th e  l e f t . - ju g u la r  v e in .

The ju g u la r  v e in  i s  v e ry  th ic k  and e l a s t i c  in  th e  

. - e le p h a n t , and s i t e d  d eep ly  in  th e  neck , b u t i s  r e a d i ly

exposed b y a  scap e l^w ith  a la rg e  d e ta ch a b le  b la d e .

\ W ithdraw al, o f  b lood  was b e s t  perform ed by in s e r t in g  a p o ly -  

: thene  tu b e  o f abou t 5 m.rn. d iam ete r in to  a  sm all in c i s io n
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in  th e  v e in , and d i r e c t i n g  the  b lood  flov/ th rough  th e  tube  

in to  th e  b lood  b o t t l e s .  The c o l le c t io n  o f b lood could  

u s u a l ly  be com pleted w ith in  f i f t e e n  m inu tes o f th e  d e a th  o f 

th e  e le p h a n t .

The b lood  b o t t l e s  ( th e  s t r a ig h t - s id e d  po ly thene  

ty p e , w ith o u t s h o u ld e rs , woàp found to  be v e ry  s u i ta b le )  

were allow ed to  s ta n d  u n d is tu rb e d  in  th e  c o o le s t p la c e  

a v a i la b le ,  and th e  c lo t s  f re e d  in  due course  from th e  w a lls  

by means o f  a  g la s s  ro d . As soon a s  adequate  serum had 

s e p a ra te d , i t  was drawn o f f  by means o f  d isp o sa b le  sy rin g e s  

and t r a n s f e r r e d  to  p o ly s ty re n e  tu b e s  which were im m ediate ly  

p la c e d  in  the  c e n t r a l  compartment o f  a 3- t i e r  f l a s k  co n ta in in g  

ic e  in  b o th  th e  u p p e r eind low er com partm ents. S ince 

e le p h a n t serum c lo t s ,  v ig ila n c e  was n e c e ssa ry  to  ensu re  th a t  

th e  f r e s h ly  s e p a ra te d  serum was drawn o f f  in  good tim e . The 

s u c c e s s fu l ly  c o l le c te d  serum was flow n to  th e  U n ited  Kingdom 

f o r  th e  a n a ly se s  d e s c r ib e d .

The speedy rem oval o f  the  a d re n a l g lan d s f o r  

l i p i d  a n a ly s is  p re se n te d  some d i f f i c u l t y ,  and i t  was f i r s t  

n e c e ssa ry  to  lo c a te  and shoot a  s u i ta b le  e le p h a n t in  a p lace  

im m edia te ly  a c c e s s ib le  to  th e  v e h ic le s  c a rry in g  p e rso n n e l and 

equipm ent. In  s p i t e  o f  a lm ost id e a l  c o n d itio n s  in  t h i s  case , 

i t  was n e v e r th e le s s  im p o ssib le  to  e x t r a c t  th e  a d re n a l  g lands 

from th e  c a rc a s s  and t r a n s f e r  them to  ic e  in  l e s s  th a n  one 

hour a f t e r  th e  d e a th  o f  th e  e le p h a n t .
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( b ) ■ E x tr a c t io n  o f  l i p i d s  and methods o f  a n a ly s is

' • ■ . ;The l i p i d s  were e x tra c te d  from th e  sam ples of

ÿ  / serum by th e  method o f  N elson & Freeman (1959) and from th e

a d re n a l  g land  by  th e  method o f F o lch , Lees & S ta n le y  ( l9 5 7 ) .

The t o t a l  l i p i d  c o n te n ts  o f  th e  p u r i f i e d  e x tr a c ts  were

de te rm ined  g r a v im e t r ic a l ly .  The serum l i p i d s  were se p a ra te d

in to  c h o le s te r o l  e s t e r s ,  c h o le s te ro l ,  t r ig ly c e r id e s ,

u n e s t e r i f i e d  f a t t y  a c id s  and t o t a l  p h o sp h o lip id s  by

chrom atography on columns o f  s i l i c i c  a c id  (lOO mesh; A .R .;

M a llin c k ro d t Chemical V/orks, New York, U .S .A .) acco rd in g  to
OA

th e  method o f  Moore & V filliam s (19^4&) and columns o f F l o r s i l  

(K och-L ight L a b o ra to r ie s  L td . ,  Colnbrook, Bucks) a cco rd in g  to  

th e  method o f  C a r ro l l  (1961 ) .  The a d re n a l  l i p i d s  were 

se p a ra te d  in to  c h o le s te r o l  e s t e r s ,  c h o le s te r o l ,  t r ig ly c e r id e s  

and t o t a l  p h o sp h o lip id s  by chrom atography on columns o f  s i l i c i c  

. ■ a c id  a s  d e sc r ib e d  by Moore & Doran (1962) . The u n e s t e r i f i e d  - 

f a t t y  a c id  f r a c t io n  o f  th e  a d re n a l t i s s u e  was n o t an a ly sed  

s in c e  p re l im in a ry  experim en ts showed th a t  t h i s  f r a c t io n  

: accoun ted  f o r  l e s s  th an  1% o f  th e  t o t a l  a d re n a l l i p i d s .  The

e f f ic ie n c y  o f  th e  s e p a ra tio n s  o f  th e  l i p i d  f r a c t io n s  on th e  

columns o f s i l i c i c  a c id  was c o n tin u a l ly  checked by chromâtography 

. • o f  p o r t io n s  o f  each f r a c t io n  on th in  la y e r  ch ro m ato p la tes  o f 

; . S i l i c a  G-el G- (M angold, . I 961) w ith  a so lv e n t system  o f l i g h t  

pe tro leum  ( b .p .  4 O -  60°) -  d ie th y l  e th e r  (90 : lO v /v ) .^ ^  The 

s':’ v a rio u s  f r a c t io n s  o b ta in ed  from th e  columns o f  s i l i c i c  a c id

were a n a ly sed  f o r  g ly c e r id e  g ly c e ro l  (Moore, 1962), c h o le s te ro l
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(A b e ll , Levy, B rodie^ & K endall 1952; Brown 1959), phosphorus 

(A llen  1940) and u n e s t e r i f i e d  f a t t y  a c id s  (A lb rink  1959) • 

W eights o f  c h o le s te r o l  e s t e r s  and t r ig ly c e r id e s  were c a lc u la te d  

a r b i t r a r i l y  a s  c h o le s te ro l  o le a te  and t r i o l e i n  r e s p e c t iv e ly .  

W eights o f  p h o sp h o lip id s  were o b ta in e d  by m u ltip ly in g  the  

l i p i d  phosphorus v a lu e s  by 25 (W ittc o ff  1951)• The f a t t y  

a c id s  p re s e n t  in  th e  v a rio u s  l i p i d  f r a c t io n s  were converted  to  

th e  co rre sp o n d in g  m ethyl e s t e r s  by th e  t r a n s e s t é r i f i c a t i o n  

p ro ced u re  o f  S t o f f e l ,  Chu & Ahrens (1959)# The m ethyl e s te r s  

were a n a ly se d  by g a s - l iq u id  chrom atography on b o th  n o n -p o la r  

and p o la r  columns (Moore & V /illiam s 1965a, 1964c ) . The non

p o la r  columns c o n s is te d  o f  lOjS (w/w) Apiezon L (APL) g rease  on 

100 -  120 mesh c e l i t e  and th e  p o la r  columns c o n s is te d  o f 10^  

(w/w) p o ly e th y le n e  g ly c o l  a d ip a te  (PBOA) a ls o  on 100 -  120 

mesh c e l i t e .  I d e n t i f i c a t i o n  o f  th e  m ethyl e s t e r s  o f  th e  f a t t y  

a c id s  was ach iev ed  by  com parison o f  t h e i r  r e t e n t io n  tim es on 

th e  two ty p e s  o f columns w ith  th o se  o f  known s ta n d a rd  m ethyl 

e s t e r s  and b y " p lo t t in g  th e  lo g a rith m s  o f  t h e i r  r e te n t io n  tim es 

r e l a t i v e  to  m ethy l p a lm ita te  on PBG-A columns a g a in s t  th e  

lo g a rith m s  o f t h e i r  r e te n t io n  tim es r e l a t i v e  to  m ethyl p a lm ita te  

on APL columns (James 1959)* In  a d d it io n , th e  r e l a t i v e  

r e te n t io n  tim es o f  th e  m ethyl e s t e r s  o f  c e r ta in  o f th e  

p o ly u n sa tu ra te d  f a t t y  a c id s  on PBG-A columns were compared w ith

th e  r e l a t i v e  s e p a ra t io n  f a c to r s  o f Ackmanau & Burgher (19o3) • 

7. :■ V A check on th e  number o f  double bonds in  each  f a t t y  a c id  was
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made by f r a c t i o n a t i n g •c e r ta in  o f  th e  samples o f m ethyl e s te r s  

on th in - l a y e r  p l a t e s  o f  s i l i c a  g e l  G -  s i l v e r  n i t r a t e  (93*5, 

w/w) w ith  a  so lv e n t system o f l i g h t  pe tro leum  ( b .p .  40  -  60^)

-  d ie th y l  e th e r  (85 : 5 , v / v ) . T his tech n iq u e  (M orris I 962) 

s e p a ra te d  th e  m ethyl e s te r s  in to  s a tu r a te d ,  m onoenoic, d ie n o ic , 

t r i e n o ic  and t e t r a e n o ic  a c id  e s t e r s .  The se p a ra te d  zones 

were sc raped  from  th e  p la te s  and th e  m ethyl e s t e r s  were e lu te d  

from th e  s i l i c a  g e l  G -  s i l v e r  n i t r a t e  w ith  hexane -  d ie th y l  

e th e r  (30 :50  v / v ) .  The r e s u l t i n g  m ethyl e s t e r  f r a c t io n s  were 

th e n  an a ly sed  by g a s - l iq u id  chrom atography. Thus, by th ese  

p ro ce d u re s , th e  number o f carbon atoms and th e  number o f double
V

bonds in  each  f a t t y  a c id  could be e s ta b l is h e d .  The p o s i t io n a l  

d i s t r i b u t i o n  o f th e  double bonds in  th e  C^q t r i e n o ic  a c id  

f r a c t io n  was de te rm ined  by a method s im ila r  to  t h a t  o f Chang & 

Sweeley (1962 ) d e sc r ib e d  in  d e t a i l  by  Moore & W illiam s (1966c ) .  

T h is method in v o lv ed  the  o x id a tiv e  d e g ra d a tio n  o f  the  p o ly -un 

s a tu r a te d  f a t t y  a c id  f r a c t io n  and th e  a n a ly s is  o f  th e  m ethyl 

e s t e r s  o f  th e  r e s u l t i n g  d ic a rb o x y lic  a c id s  by g a s i l iq u id  

chrom atography on a n o n -p o la r  column ( c e l i t e  -  APL, 90*10, w/w)
o

a t  175 .

RESULTS

Serum l ip i d s

The f iv e  .samples o f  e le p h a n t serum were found to  

be v e ry  s im i la r  in  l i p i d  com position  and th e re  were no obvious 

d i f f e r e n c e s  w ith  re s p e c t  to  age o r  se x . T h e re fo re , in
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T ab les 1 to  5 mean v a lu e s  and t h e i r  s ta n d a rd  e r r o r s  a re  g iven  

f o r  th e  f iv e  sam ples o f  serum r a th e r  th a n  th e  in d iv id u a l  v a lu es  

f o r  each  sam ple. F o r.com parison . T ab les 1 to  3 a ls o  c o n ta in  

r e s u l t s  tak en  from th e  l i t e r a t u r e  f o r  th e  serum o r  plasm a l ip id s  

o f  o th e r  s p e c ie s .  These r e s u l t s  f o r  o th e r  sp e c ie s  have been 

tak e n  o n ly  from th o se  p ap ers  th a t  r e p o r t  in v e s t ig a t io n s  in  which 

th e  v a r io u s  an im als were g iven  norm al d i e t s  and in  which th e  

methods o f  a n a ly s is  o f  th e  serum o r  plasm a l i p i d s  were s im ila r  

to  th o se  employed by  u s .

The c o n c e n tra tio n s  o f t o t a l  c h o le s te r o l ,  t r ig ly c e r id e  

and phospholp.pid in  e le p h a n t serum (Table l )  a re  s im ila r  to  th e  

co rresp o n d in g  v a lu e s  re p o r te d  by McKinney & Luck (1964) f o r  a 

s in g le  fem ale  e le p h a n t. In  th e  serum o f  th e  e le p h a n t, th e  

c o n c e n tra tio n s  o f  th e  v a r io u s  l i p i d  components a re  s im ila r  to  

th e  c o rre sp o n d in g  c o n c e n tra tio n s  o f th e  v a rio u s  l i p i d  components 

in  th e  p lasm a o f  th e  r a t  (O liv ec ro n a , 1962a) and r a b b i t  (Moore & 

W illiam s 1964a ) . T he ' c o n c e n tra tio n  o f  t o t a l  l i p i d  in  e le p h a n t 

serum was s im i la r  to  t h a t  in  ox plasma (Duncan & G arton I 962) ,  

b u t in  ox plasm a th e  c o n c e n tra tio n s  o f f r e e  and e s t e r i f l e d  

c h o le s te r o l  were c o n s id e ra b ly  g r e a te r  and th e  c o n c e n tra tio n  o f 

t r ig l y c e r i d e  was c o n s id e ra b ly  low er th an  th e  c o n c e n tra tio n s  o f 

th e  c o rre sp o n d in g  l i p i d s  in  e le p h a n t serum . I t  should be n o ted  

th a t  the  c o n c e n tra tio n s  o f  a l l  the  l i p i d  f r a c t io n s  in  th e  serum 

‘ o r  plasm a o f  th e  e le p h a n t, r a t ,  r a b b i t  and ox a re  m arkedly^ 

low er th an  th e  co rrespond ing  c o n c e n tra tio n s  o f th e  v a rio u s
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■ ' ■ l i p i d  f r a c t io n s  in  th e  serum o f  man (S ch rade , B ie g le r  & Bbhle

T  1961) .

. The f a t t y  a c id  com position  o f  the  c h o le s te r o l  e s t e r s

i' ' i s o l a t e d  from e le p h a n t serum, to g e th e r  w ith  the  com positions

o f th e  serum c h o le s te r o l  e s t e r s  o f  some o th e r  sp e c ie s  a re  

g iven  in  Table 2 . In  Table 2 (and e lsew here  in  t h i s  paper) 

th e  sh o rth an d  d e s ig n a tio n  suggested  by ^ a rq u h a r, I n s u l l ,  Rosen, 

S t à f f e l  & Ahrens (1959) i s  u sed  to  deno te  th e  v a rio u s  f a t t y  

a c id s .  U n e s te r i f ie d  f a t t y  a c id s  c o n s t i tu te d  about ?8/S o f th e  

f a t t y  a c id s  e s t e r i f i e d  w ith  c h o le s te r o l  in  e lep h an t serum .

As in  th e  serum o r  p lasm a c h o le s te ro l  e s t e r s  o f th e  r a t  

(O liv ec ro n a  1962b), r a b b i t  (Moore & W illiam s I 965) and man 

(S ch rad e , B ie g le r  & Bbhle I 961) , p a lm i t ic  a c id  was th e  m ajor 

s a tu r a te d  f a t t y  a c id  p re s e n t  in  the  c h o le s te ro l  e s t e r s  o f 

e le p h a n t serum . In  s p i te  o f th e  f a c t  th a t  th e  e le p h an t i s  

a h e rb iv o ro u s  an im al, th e  c o n c e n tra tio n  o f l in o le n ic  a c id  ( l8 :3 ) . 

-in th e  serum c h o le s te r o l  e s t e r s  was s u r p r i s in g ly  low . In  

t h i s  r e s p e c t ,  th e  f a t t y  a c id  com position  of t|re  serum c h o le s te ro l  

. -  e s t e r s  o f  th e  e le p h a n t i s  in  marked c o n tr a s t  to  th a t  o f the 

serum c h o le s te r o l  e s t e r s  o f  th e  ox (Duncan & G arton I 962) . 

However, th e  most unexpec ted  f in d in g  was the  p resence  of 

a p p re c ia b le  amounts (5 .6 ^  o f  th e  t o t a l  f a t t y  a c id s )  o f  a C^q 

t r i e n o i c  a c id  in  th e  c h o le s te ro l  e s t e r s  o f e lep h an t serum .

T his p o ly u n sa tu ra te d  f a t t y  a c id  does n o t occu r in  th e  serum 

c h o le s te r o l  e s t e r s  o f th e  o th e r  sp e c ie s  l i s t e d  in  Table 2 .
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A lthough'M ead & S la to n  (1956) have shown th a t  a C^q t r i e n o ic  
5 8 11

a c id  {  ̂ e ic o s a t r ie n o ic  a c id )  accum ulates in  th e

t i s s u e s  o f an im als g iven  a d i e t  d e f i c ie n t  in  e s s e n t i a l  f a t t y

a c id s  i t  was u n reaso n ab le  to  suppose t h a t  th e  e le p h a n ts

examined by  u s were d e f ic ie n t  in  e s s e n t i a l  f a t t y  a c id s .  The

i d e n t i t y  o f th e  t r i e n o ic  a c id  p re s e n t  in  th e  c h o le s te ro l

e s t e r s  o f e le p h a n t serum was th e re fo re  in v e s t ig a te d  f u r th e r .

V/hen t h i s  C^q t r i e n o i c  a c id  was o x id a t iv e ly  degraded by  the

tec h n iq u e  o f Chang & Sweeley (1962 ) ,  su b e r ic  a c id  (Cg) was

found  to  com prise o v e r 90^  o f  th e  r e s u l t in g  d ic a rb o x y lic  a c id s .

I f  th e  Ĉ Q t r i e n o ic  a c id  p re s e n t in  th e  c h o le s te ro l  e s t e r s  o f
5 8 *] *1

e le p h a n t serum had been A * * e ic o s a tr ie n o ic  a c id  then

o x id a t iv e  d e g ra d a tio n  would have r e s u l te d  in  th e  fo rm a tio n  o f

th e  Cn d ic a rb o x y lic  a c id ,  g l u ta r i c  a c id .  I f  i t  i s  assumed th a t  
5

th e  double bonds o f  n a tu r a l ly  o c c u rr in g  non -con jugated  po ly

u n s a tu ra te d  f a t t y  a c id s  a re  p re s e n t  in  d iv in y l  methane 

(nCK-CH^-CHs) arrangem ent th en  i t  would appear t h a t  the  

t r i e n o i c  a c id  in  th e  c h o le s te ro l  e s t e r s  o f e le p h an t serum was 

A  ^  e ic o s a t r i e n o ic  a c id  (homo -  T -  l in o le n ic  a c id ) .

T h is co n c lu sio n  was s tre n g th e n ed  by  a com parison o f th e  

r e te n t io n  d a ta  f o r  t h i s  t r i e n o ic  a c id  on PB G rA  columns w ith  th e  

r e l a t i v e  s e p a ra t io n  f a c to r s  re p o r te d  by  Ackman & Burgher ( I 963) •

The f a t t y  a c id  com position  o f th e  t r ig ly c e r id e s  p re se n t 

in  th e  serum o f the e le p h a n t i s  g iven  in  Table 3 . S a tu ra te d  

a c id s  com prised a  f a i r l y  h igh  p ro p o r tio n  (56/S) o f th e  t o t a l  

f a t t y  a c id s  p re s e n t  in  th e  serum t r i g l y c é r i d e  o f th e  e le p h a n t.
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The p ro p o r t io n  o f s a tu r a te d  a c id s  in  e le p h a n t serum t r i 

g ly c e r id e s  was more th an  th a t  in  th e  t r ig ly c e r id e s  o f  th e  

serum o r  p lasm a o f  th e  r a t  (O livecrona  1962b), r a b b i t  (Moore & 

W illiam s 1966a ) and man (Schrade, B ie g le r  & Bohie I 961) ,  b u t 

was l e s s  th an  th a t  in  th e  plasma t r ig ly c e r id e s  o f th e  ox 

(Duncan & G arton I 961 ) . The h igh p ro p o r tio n  o f s a tu r a te d  

f a t t y  a c id s  in  th e  plasm a t r ig ly c e r id e s  o f  th e  ox i s  presum ably 

a  r e f l e c t i o n  o f th e  in te n s iv e  h y d rogena tion  o f d ie ta r y  p o ly 

u n s a tu ra te d  f a t t y  a c id s  by  rumen b a c te r i a  (R e ise r  & Reddy 1956)• 

In  th e  e le p h a n t, r a t , ' r a b b i t  and man, p a lm it ic  a c id  ( l6 :0 )  

i s  th e  predom inant s a tu r a te d  f a t t y  a c id  p re s e n t in  th e  serum 

o r  plasm a t r ig ly c e r id e s  b u t  s t e a r i c  a c id  was th e  m ajor 

s a tu r a te d  a c id  in  th e ' plasm a t r ig ly c e r id e s  o f th e  ox.

R e la t iv e ly  low c o n c e n tra tio n s  o f  the  p o ly u n sa tu ra te d  f a t t y  

a c id s  o c cu rred  in  e le p h a n t serum and ox plasm a t r i g l y c e r i d e s .

The com position  o f th e  u n e s te r i f ie d  f a t t y  a c id s  in  

e le p h a n t serum a re  g iven  in  Table 4* In  g e n e ra l ,  th e  

com position  o f th e  serum u n e s te r i f i e d  f a t t y  a c id s  i s  s im ila r  

to  t h a t  o f  th e  serum t r ig ly c e r id e s  (T able 3 ) .  T h is 

s i m i l a r i t y  in  com position  o f th e  u n e s t e r i f i e d  f a t t y  a c id s  and 

t r i g l y c e r i d e s  i s  a ls o  a p p aren t in  th e  serum o r  plasm a o f  th e  

o th e r  sp e c ie s  l i s t e d  in  T ables 3 &nd 4 * A tte n t io n  should  

p e rh ap s be drawn to  th e  f a c t  th a t  in  th e  serum o f th e  e lep h an t 

and man and in  th e  plasm a o f th e  r a t  and r a b b i t ,  th e  u n e s te r i f ie d  

f a t t y  a c id s  c o n ta in  h ig h e r  c o n c e n tra tio n so f  s t e a r i c  a c id  ( l 8 ; 0) 

and low er c o n c e n tra tio n s  o f o le ic  a c id  ( l 8 *.l) th an  do th e
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t r ig l y c e r i d e s .  The rea so n s  f o r  th e  d if f e r e n c e s  have been d iscu aed  

by Moore & W illiam s ( 1966a) i n  term s o f  th e  m etabo lic  r e la t io n s h ip s  

t h a t  e x i s t  betw een th e  u n e s te r i f i e d  f a t t y  a c id s  and t r ig ly c e r id e s  

in  th e  b lood  and th e  t r ig ly c e r id e s  in  th e  ad ipose  t i s s u e .

The f a t t y  a c id  com position  o f  th e  serum p h o sp h o lip id s  

o f th e  e le p h a n t a re  g iven  in  Table 5* Q u a l i ta t iv e  exam ination  o f  

the  e le p h a n t serum p h o sp h o lip id s  by th in - la y e r  chrom atography (S k ip sk i, 

P e te rso n  & B arc lay  1964) in d ic a te d  t h a t ,  a s  w ith  th e  serum o r  plasm a 

o f most s p e c ie s ,  l e c i t h i n  was th e  m ajor component. The r e s u l t s  in  

Table 5 show t h a t  th e re  were app rox im ate ly  equal p ro p o r tio n s  o f  t o t a l  

s a tu ra te d  and t o t a l  u n s a tu ra te d  f a t t y  a c id s  p re s e n t in  th e  e le p h an t 

serum p h o sp h o lip id s . T his f in d in g  would be c o n s ü e n t  w ith  th e  f a c t  th a t  

the  s t r u c tu r e  o f  th e  g ly ce rp p h o sp h a tid e s  i s o l a t e d  from most n a tu r a l  so u rces 

i s  such t h a t  s a tu r a te d  f a t t y  a c id s  occupy th e  cC -position , whereas u n s a tu ra te d  

f a t t y  a c id s  occupy th e  yS -position  (Moore & W illiam s 1963b , 1964c) . Tie 

serum p h o sp h o lip id s  o f  th e  e le p h a n t a re  s im ila r  to  th o se  o f  th e  ox (Duncan 

8c Gar to n  1962) in  t h a t  s t e a r i c  a c id  i s  the  m ajor s a tu r a te d  f a t t y  a c id  

p re s e n t .  In  man (S.chrade, B ie g le r  & Bbhle I 96I )  p a lm itic  a c id  i s  th e  

major s a tu r a te d  f a t t y  a c id  p re s e n t in  th e  serum p h o sp h o lip id s . The serum 

p h o sp h o lip id s  o f  th e  e le p h a n t co n ta in e d  a p p re c ia b le  c o n c e n tra tio n s  o f 

and 0^2 p o ly u n sa tu ra te d  f a t t y  a c id s  t h a t  were n o t d e te c te d  in  th e  

serum c h o le s te r o l  e s t e r s ,  t r ig ly c e r id e s  o r  u n e s te r i f i e d  f a t t y  a c id s .

A s 'in  th e  serum c h o le s te r o l  e s t e r s ,  a  C t r ie n o ic  a c id  was
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p re s e n t  in  th e  serum p h o sp h o lip id s  and s t r u c tu r a l  s tu d ie s  

showed th a t  t h i s  f a t t y  a c id  was p ro b ab ly  A. ^

e ic o s a t r i e n o ic  a c id .  .

A drenal l i p i d s  •

The l ip id ;  com position  o f  th e  e le p h an t a d re n a l

g land  i s  g iven  in  T able 6 from which i t  may be seen th a t  th e

t o t a l  l i p i d  c o n te n t was p a r t i c u l a r l y  h ig h . A h igh  c o n te n t

o f  t o t a l  l i p i d  appears to  be a c h a r a c t e r i s t i c  f e a tu re  o f  the

a d re n a l t i s s u e s  o f many o th e r  sp e c ie s  such as th e  r a t ,

(O stw ald , Shannon, M ilja n ic h  & Lyman 19^45 A ngelico , Cavina,

D 'Antona & G-iocoli I 965) ,  gu inea  p ig  (O stw ald , Shannon,

M ilja n ic h  & Lyman I 964) ,  r a b b i t  (iîoore & W illiam s 1966c), dog

(Chang & Sw eeley, I 963) &ncL man (R ile y  1963.}« Almost h a l f

(4 7 . 7^  o f  th e  l i p i d  o f  th e  e le p h an t a d re n a l  g land was accounted

f o r  by c h o le s te r o l  e s t e r s .  The r e s u l t s  in  Table 6 a ls o  show

th a t  abou t 87^  o f th e  t o t a l  c h o le s te ro l  occu rred  in  th e
ôr oiXcr S|?cc.ies

e s t e r i f i e d  form . S im ila r  f in d in g s  have been re p o r te d  (R ile y  

1963 ; O stw ald, Shannon, M ilja n ic h  & Lyman I 964 ; Chang &

Sweeley 1963; A nge lico , Cavina, D*Antona & G-iocoli 1965;

Moore & W illiam s 1966c). In  th e  a d re n a l l i p i d s  of th e  e le p h a n t, 

t r ig l y c e r i d e s  and f r e e  c h o le s te ro l  were r e l a t i v e l y  m inor 

components and u n e s te r i f i e d  f a t t y  a c id s  occu rred  o n ly  in  t r a c e  

c o n c e n tr a t io n s .

The f a t t y  a c id  com positions o f th e  c h o le s te ro l  

e s t e r s ,  t r i g l y c e r i d e s •and p h o sp h o lip id s  i s o la te d  from th e  a d re n a l 

g lan d  o f  th e  e le p h a n t a re  g iven  in  T able 7 • L t shou ld  be
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no ted  t h a t  th e  c h o le s te r o l  e s te r s  and p h o sp h o lip id s  o f th e

a d re n a l g land  o f  th e  e le p h an t c o n ta in e d  a p p re c ia b le

c o n c e n tra tio n s  o f  th e  C^q t r ie n o ic  a c id  t h a t  was i d e n t i f i e d

as e ic o s a tr ie n o ic  a c id  (h o m o -y -lin o len ic  a c id ) .

U nlike  th e  f in d in g  o f t h i s  a c id  in  the  c h o le s te r o l  e s t e r s  and

p h o sp h o lip id s  o f th e  serum, t h i s  o b se rv a tio n  was no t

p a r t i c u l a r l y  s u rp r is in g  s in c e  h o m o -y -lin o len ic  a c id  has been
Lipids

re p o r te d  to  occur in  th e  a d re n a l g land o f  th e  ox (K lenk & 

Eberhagen I 96I ) ,  dog ( Chang & Sv/eeley 1962), r a b b i t  (Moore &

, Y /illiam s 1966b, c) and man (R ile y  I 963) .  There v/as a b road  

s im i l a r i t y  i n  th e  f a t t y  a c id  com position  o f th e  c h o le s te ro l  

e s t e r s  o f  th e  a d re n a l t i s s u e s  o f th e  e le p h an t and r a b b i t  

(Moore & W illiam s 1966c) b u t  in  th e  c h o le s te ro l  e s te r s  o f th e  

e le p h a n t a d re n a l g land , th e  c o n c e n tra tio n  o f h o m o -y -lin o len ic  

a c id  v/as h ig h e r  and th e  c o n c e n tra tio n  o f 22**4 (a d re n ic  a c id , 

Chang & Sweeley I 962) vfas low er th an  in  th e  c h o le s te ro l  e s t e r s  

o f  th e  r a b b i t  a d re n a l g la n d . In  s p i t e  o f th e  preponderance 

o f u n s a tu ra te d  f a t t y  a c id s  i n  th e  a d ren a l c h o le s te r o l  e s t e r s  

(T ab le  7 ) , th e  c o n c e n tra tio n  of a ra ch id o n ic  a c id  (20 :4 ) i n  th e  

■ c h o le s te r o l  e s t e r s  was m arkedly l e s s  th an  th e  c o n c e n tra tio n  o f 

t h i s  f a t t y  a c id  i n  th e  t r ig ly c e r id e s  and p h o sp h o lip id s  o f th e  

e le p h a n t a d re n a l g la n d .
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DISCUSSION

Perhaps the  most i n t e r e s t i n g  r e s u l t  o f t h i s  i n v e s t i 

g a tio n  v/as th e  f in d in g  o f a p p re c ia b le  amounts o f homo-y- 

l in o le n ic  a c id  in  th e  c h o le s te ro l  e s te r s  and p h o sp h o lip id s  o f 

e le p h a n t serum . A lthough h o m o -y -lin o len ic  a c id  i s  known 

to  be a  s u b s ta n t ia l  c o n s t i tu e n t  o f th e  f a t t y  a c id s  p re se n t in  

th e  a d re n a l g lan d s  o f  a number o f sp e c ie s  (K lenk & Eberhagen 

I960 ; Chang & Sv/eeley 1962; Moore & W illiam s 1 9 6 6 b ,c ), t h i s  

p o ly u n sa tu ra te d  f a t t y  a c id  does n o t norm ally  occur i n  more 

th a n  t r a c e  c o n c e n tra tio n s  in  th e  serum or plasm a l i p i d s  o f 

an im als ( e .g .  see  T ab les 2 and 5) • S ince n o th in g  i s  Imoivn 

about th e  f a t t y  a c id  com position  o f th e  n a tu r a l  d i e t  o f th e  

e le p h a n ts  i t  must rem ain  a p o s s ib i l i t y  t h a t  th e  homo-y- 

l in o l e n ic  a c id  p re s e n t  i n  th e  serum l i p i d s  could  have been of 

exogenous o r ig in .  However, t h i s  p o s s i b i l i t y  seems r a th e r  

u n l ik e ly  f o r  th e re  have been no r e p o r t s  o f th e  occurrence  o f 

h o m o -y -lin o le n ic  a c id  i n  p la n t  l i p i d s  (H ild i tc h  & W illiam s 

1964) . I t  seems most l i k e l y  th e re fo re  t h a t  th e  homo-y- 

l in o l e n ic  a c id  v/as o f  endogenous o r ig in  and was sy n th e s iz e d  in  

th e  t i s s u e s  o f  th e  e le p h a n t . A ccording to  Mead ( 196O), 

a ra c h id o n ic  a c id  ( ^  e ic o s a te t r a e n o ic  a c id )  i s

sy n th e s iz e d  from  l in o l e i c  a c id  ( A ^ o c ta d ec ad ie n o ic  ac id ) 

by a m e tab o lic  pathway th a t  in v o lv e s  y - l in o le n ic  a c id  

( A 9 , 12 o Q ta d e c a tr ie n o ic  ac id ) and h o m o -y -lin o len ic  a c id
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( A  * ^  e ic o s a t r ie n o ic  a c id )  a s  in te rm e d ia te s .  I t  has

been shovm t h a t  th e  a ra c h id o n ic  a c id  co n ten t o f  th e  l i v e r  o r

b lood  l i p i d s  o f the  r a t ,  f o r  in s ta n c e , in c re a s e s  when th e  d i e t

i s  supplem ented w ith  l i n o l e i c  a c id  (M ohrhauer & Holman I 963) •

However, n e i t h e r  Y - l in o le n ic  a c id  n o r homo-Y -  l in o  l e n i  c a c id
l ip id s

occu r to  any  e x te n t  in  th e  l i v e r  o r  b lo o d /o f  th e  r a t  so i t  

must be assumed t h a t  th e  conversion  o f Y - l in o le n ic  a c id  to  

hom o-Y -lino len ic  a c id  and th e  conversion  o f  hom o-Y -lino len ic  

a c id  to  a ra c h id o n ic  a c id  b o th  tak e  p lac e  a t  a very  ra p id  r a t e  

in  r a t  l i v e r .  In  th e  c h o le s te r o l  e s t e r s  and p h o sp h o lip id s  

o f  e le p h a n t serum, th e  c o n c e n tra tio n s  o f  hom o-Y -lino len ic  a c id  

were v e ry  s im i la r  to  th o se  o f  a ra c h id o n ic  a c id  (T ables 2 and 5) 

The p o ly u n sa tu ra te d  f a t t y  a c id  com position o f the  serum l i p i d s  

o f th e  e le p h a n t ,  as w ith  o th e r  sp e c ie s , w i l l  presum ably be a 

r e f l e c t io n  o f th e  r e l a t i v e  r a t e s  o f the  v a rio u s  ty p es  of 

m etab o lic  in te rc o n v e rs io n s  t h a t  a re  undergone by the  p o ly 

u n sa tu ra te d  f a t t y  a c id s  in  th e  l i v e r .  Thus, i t  seems l i k e l y  

t h a t  th e  r a t e  o f  s y n th e s is  o f a ra c h id o n ic  a c id  from homo-Y- 

l in o l e n ic  a c id  in  e le p h a n t l i v e r  i s  much slow er th an  i t  i s  in  

the  l i v e r  t i s s u e s  o f th e  r a t  and many o th e r  s p e c ie s .  A 

r e l a t i v e l y  slow conversion  of hom o-Y -lino len ic  a c id  to  

a ra c h id o n ic  a c id  appears to  be a c h a r a c t e r i s t i c  f e a tu re  o f th e  

m etabolism  o f p o ly u n sa tu ra te d  f a t t y  a c id s  by th e  a d re n a l g lands 

o f v a r io u s  an im als (Moore & W illiam s 1 9 6 6 c ). A f u r th e r  

s im i l a r i t y  in  th e  m etabolism  o f  p o ly u n sa tu ra te d  f a t t y  a c id s  

by e le p h a n t l i v e r  and th e  a d re n a l g land  i s  su g g ested  by  th e

Ë'' .
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p resen ce  o f  8 .0 ^  o f  a d re n ic  a c id  ( A docosa-

t e t r a e n o ic  a c id )  in  the  serum p h o sp h o lip id s  (T able 5 )•  T his 

t e t r a e n o ic  a c id  i s  no t n o rm ally  found in  th e  serum l ip i d s  o f 

an im als b u t i s  c h a c t e r i s t i c a l l y  found, as i t s  name would 

im ply, in  th e  a d re n a l l i p i d s  o f many sp e c ie s  (Klenk & Eberhagen 

I 96O; Chang & Sweeley 1962; Ostwald, Shannon, M ilja n ich  & 

Lyman I 9 64 ; C a r ro l l  1962; R ile y  1963; Moore & W illiam s 1966c)
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ÎABLE 1 -  CONCENTRATIONS (mg/lOO ml) 0? THE VARIOUS LIPID COMPONENTS IN THE 

SKRW OF THE ELEPHANT. MEAN VALUES ARE GIVEN YilTH THEIR STANDARD ERRORS.

for COMPARISON, VALUES ARE ALSO GIVEN FOR THE RAT, RABBIT, OX AND MAN.

E lephan t
serum

Rat*
Plasma

R a b b i t /
plasma

Ox/-
plasm a

lîan/^
serum

Total l i p i d 220 + 1 7 225 204 291 701

Total c h o le s te ro l 67.3 + '4 .0 64.4 50.3 127 205

E sterified c h o le s te r o l 49.6 + 3.2 40.4 33.8 98.5 131

Free c h o le s te ro l 17.8 + 0.78 24.0 16.7 28.0 74.0

Triglyceride 29.8 + 4 .7 24.0 50.3 14.0 178

Unesterified f a t t y  a c id 10.5 + 0.81 17.0 15.7 7.0 27.0

Phospholipid 78.5 ± ,5 .7 92.0 67.3 75.0 202

* ^ liv e c ro n a  ( l9 o 2 a ) ,  /"M oore & W illiam s ( 1964a)

/"D uncan & C arto n  ( l9 o 2 ) , S c h ra d e ,. B ie g le r  & Bohle (1961)
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( i i )

jiSlS 2 -  FATTY ACID COMPOSITION (V/2I&HT PERCENTAGE OF THE TOTAL) OF THE 

cholesterol e s t e r s  in  THE SERUM OF- THE ELEPHANT. MEAN VALUES ARE GIVEN 

HÎH THEIR STANDARD ERRORS. FOR COMPARISON, VALUES ARE ALSO GIL'EN FOR THE 

SSHJIii OR PLASMA CHOLESTEROL ESTERS OF THE RAT, RABBIT, OX AND MAN.

htty ac id E lephant
serum

Rat • 
plasma

R a b b it / '
plasma

O x/
plasma

M an /
serum

14*. 0 1 .0  + 0 .1 6 - - 0 .7 1 .1

16:0 1 4 .0  + 1 .2 17o7 16.3 5 .5 11 .7

16 i l 2 .8  + 0 .2 8 3 .7 4 .1 2 .8 6 .0

17:0 ■ 0 .3  + 0 ,0 3  ■ - - 0 .5 -

17iQ.br 0 .8  + 0 .12 - - - -

I8i0 1 .8  + 0 .2 7 ,4 .8 3.5 "  lo 5 _ 2.5

18 i l 21 .2  + 0 .82 1 3 .3 27.9 5 .6 18 .7

18:2 4 2 .4  + 2 .8 13 .6 35 .2 5 2 .4 4 8 .4

18:3 1 .3  + 0 .1 6  . - 1 .4 22.9 1 .1

20:3 5 .2  + 0 .1 4 . - - - -

20:4 5 .6  + 0 .4 4 47 .1 1 .8 - 5 .0

• O livecrona ( l$ 62b ) ,  /M o o re  & W illiam s (1965)

/D u n c a n  & G arton (1962), /  Schrade, B ie g le r  & Bohle (1961)



( i i i )

(jjlE 3 -  FATTY ACID COMPOSITION (V.EIGHT PERCEI,'TA&E OF THE ,TOTAL) OF THE 

■jIGLYCERIDES i n  t h e  SEROI-I OF THE ELEPHANT. MEAN VALUES ARE GIVEN V.YTH 

STANDARD ERRORS. FOR COMPARISON, VALUES ARE ALSO GIVEN FOR THE 

OR PLASMA TRIGLYCERIDES OF THE RAT, RABBIT, OX AND MAN.

fatty acid E lephan t
serum

.. Rat* 
plasma

R a b b it /
plasma

O x/ 
~ plasma

M an/
serum

14:0 2 .6  + 0 .3 1 - 2.6 1 .1 1 .5

16:0 4 0 .5  ±  1 .1 6 3 1 .7 • 35 .0 2 4 .0 27.8

16;1 2 .6  + 0 .3 6 4*0 3 .6 4 .8 7o7

17:0 1 .4  + 0 .18 ■ - - 6 .8 -

U;(&r 1 .0  + 0 .20 - - - -

i8;o 10 .2  + 1 .6 ■ 5 .3 5 .5 3 0 .0 3.6

18.1 3 1 .9  ±  1 .4  • . 28 .9 2 7 .7 2 4 .3 ^"3 6 .4

n i2 3 .2  + 0 . 3 8 . 20 .9 20 .2 4 .6 ,--1 2 .7

'18:3 0 .2  Hh 0 .0 4 - 0 .6 1 .9 1 .0

20:3 0 .9  ±  0 .1 9 - - - -

20:4 0 .9  i  0 .22 9 .2 0 .8 — 3.0

* O livecrona ( 1962b ) ,  /M o o re  & 7/ i l l ia m s  (1966a),

/D uncan à  G arton  (I9 6 2 ), /S c lirad e , B ie g le r  & Bohle (I9 6 I)



6%9L

( iv )

ÎABLE 4 -  COLffOSITION (iTEC&HT PERCENTAGE OP THE TOTAL) OP THE UNESTERIFIED 

fatty acids in  the serum of THE ELEPHANT. MEAN VALUES ARE GIVEN WITH THEIR 

STANDARD ERRORS. FOR COMPARISON, VALUES ARE ALSO GIVEN FOR THE SERUM OR 

plasma u n esterified  FATTY ACIDS OP THE RAT, RABBIT, OX AND MAN.

Fatty a c id E lephant
serum

Eat* 
. plasm a

R a b b i t /
plasm a

O x /
plasma

Man^ • 
serum

14:0 ■ 3 .8  + 0 .5 4 3 .6 1 .8 2.Ô

16 ;0 3 8 .8  + 1 .9 33.8 37.7 1 8 .5 2 7 .5

16:1 2 .8  + 0 .4 6 2 .8 4 .4 3 .9 7 .3

17:0 0 .7  + 0 .1 3 - - 2 .0 -

17;0br 0 .6  + 0 .0 4 - - - -

18:0 1 4 .4  + 0 .85 9 c6 12 .0 2 4 .1 1 5 .3

18:1 26 .2  + 1 .3  ̂ 35 .4 22 .7 39 .3 2 5 .4

18:2 7 .8  + 0 .68 18 .3 12.2 5 .2 - - ^ 1 3 .4

18:3 0 .2  + 0 .0 4 - 0 .4 3 .3 0 .9

20:4 1 .3  + 0 .18 - 0 .7 — 2 .4

• Olivecrona (1962b ) , /Moore & Williams (1966a),

/  Duncan & G arton (I9 6 2 ) , / S c h r a d e ,  B ie g le r  & Bohle ( l 9&l)
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(v)

tab le  5 -  FATTY ACID COMPOSITION (WEIGHT PERCENTAGE OP THE TOTAL) OF THE 

PHOSPHOLIPIDS IN THE SERUM OB' THE ELEPHANT. MEAN VALUES ARE GIVEN Y/ITH 

THEIR STANDARD ERRORS. FOR COMPARISON, VALUES ARE ALSO GIVEN FOR THE SERUM 

OR PLASMA PHOSPHOLIPIDS OF THE RAT, RABBIT, OX AND MAN.

Fatty a c id •E lephant
serum

Eat*
plasma

R a b b it /
plasma

O x/
plasma

M an/
serum

14:0 0 . 9+ 0 .1 1  ■ - 0 .7

16:0 1 5 .4  + 0 .7 0 20.5 25 .6 1 6 .2 3 1 .0

16:1 0 .9  + 0 .10 • 0 .9 0 .6 1 .1 3 .5

17:0 0 .8  + 0 .0 6 - - 4 .4 -

17;Qi>r. 0 .3  + 0 .0 7 - - - —

18:0 3 2 .6  + 1 .3 21.2 21.0 26 .8 12.5

18:1 1 2 .2  + 1 .0 . 4 .3 12 .8 1 6 .3 1 5 .0

1 18:2 12 .3  + 0 .7 6 '1 5 .4 28.2 1 4 .1 ^ 2 1 . 2

1 18:3 0 .7  + 0 .0 4 - 1 .1 2 ,4 0 .9

20:0 1 .4  + 0 .2 7 - - - -

20:1 1 .4  + 0 .2 7 - - - -

20:2 1 .2  + 0.10 - ■ - — -

20:3 6 .2  + 0 .2 5 - - - -

20:4 6 .3  + 0 .2 4 . 5 6 .2 4o2 - 8 .1

22:4 8 .0  + 0,19 - - - -

22:3 4 .0  + 0 .2 6 - - - -

22:6 0 .8  + 0 .0 9 - - - -

* T inoco, Shannon & Lyman (1964), /  Moore & W illiam s (1964b)

/D u n c a n  & G arton  (1962) ,  Schrade, B ie g le r  & Bohle (1961)
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liBLE 6 -  CONCjMTRATIONS (mgAOOg DRY TISSUE) OF THE VARIOUS LIPID CCMPCNEi'lTS 

f  THE ADRMAL GLAND OF THE ELEPHANT.

, #
V ..

m

'ëi"'..

T o ta l l i p i d  63.1

T o ta l c h o le s te ro l  20,6

Free c h o le s te ro l  2 .71

E s te r i f ie d  c h o le s te ro l  17 .9

T r ig ly c e r id e  2.96

P h ospho lip id  . 27 .3



■'7;; ( v i i )

JJJIE 7 -  f a t t y  a c id  c o m po sit io n  OP THE CHOLESTEROL ESTERA), TRI&LYCERIDESAI'ID 

fSOSPKOLIPIDS ISOLATED PROM THE ADRENAL GLAND OF THE ELEPHANT

fatty acid Cholesterol
esters

Triglyceride s Phospholipids

14:0 2.6 2.7 0.6

16:0 22.3 41.8 24.6

i6:i 4 .7 3.2 1 .1

17:0 0.6 0.5 0.3

l?;Obr •0 .4 0.2 0.3

18:0 8.9 8.3 14.6

18:1 36.3 19.5 23.2

18:2 4 .3 4 .3 5.8

18:3 0.2 0.2 0.2

20:0 0.3 0.2 0.1

20:1 0.8 0.3 0.1

20:2 2 .1 1 .1 1.1

7.5 0.7 5.6

20:4 1 .7 4 .4 16.5

20:5 0.6 0.8 0 .4

22:1 0.2 0 ,4 0.2

22:2 0.3 0.3 0.3

22:3 0.7 1 .0 0.2

22:4 1 .2 2.1 0.3

22:5 3.0 0.9 2.8

22:6 0.6 1 .6 0.3
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table 8 -  FIELD DATA ON THE ELEPHANTS OP .Y/HICH SERUM Al'ID ADRENAL LIPIDS ARE 

■ . DESCRIBED

E lep h an t Specimen 
No. , . f or

a n a ly s is

Sex P h y s io lo g ic a l Approx. L o c a li ty  & h a b i ta t ,  
age* Chrono- type

lo g ic a l  
age*

O ther Notes

1.100 Serum 9 FM:IV/2

H.83 Serum $ PM:IV/5

Ï.149 A drenal S FU :IV /8-9

Ï.88 Serum 9 FM.-V/2

Ï.I52 Serum S FK:V/2

1.93 Serum S FM:V/7

* S ikes (1966) •.

13 y rs  S.W.Uganda: u n re s -  L a c ta tin g ;
t r i c t e d ;  montane f i r s t  c a l f  a t

fo o t

13 y r s  Kenya: u n re s 
t r i c t e d ;  montane

1 8 -I9 y rs  Kenya: s e m i- r e s t r .  
scrub land

23 y r s  S.W. Uganda; semi 
r e s t r i c t e d ;  
g ra s s la n d

23 y rs  Kenya: u n r e s t r ic te d ;  
montane

Over S.?/. Uganda; semi
30 y rs  r e s t r i c t e d .

g ra ss la n d

L a c ta tin g
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The need for a field method of determining and describing the relative age of African 
elephants collected in their natural habitat arose during a recent research project, and has 
led to an attempt to formulate a laminary age standard for use in the field, based upon 
direct observations and measurements on the lower right molars. For this purpose a 
series of 31 African elephants of both sexes, covering almost the complete potential age 
range of an elephant’s life, and of known body condition, locality and size, has been used 
as the basis for constructing a reference chart of molar laminary age. Eye lens weights 
were also obtained for 26 of these specimens, but, although indicative of a direct correlation 
with laminary age, they were obtained in insufficient numbers to provide an adequate 
sequence. Each of the specimens used was first observed alive, then shot and examined 
post mortem during the course of a research project ♦ on cardiovascular disease, in which 
the determination of relative age formed an integral part.
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Introduction

The need for the widespread “cropping” of the African elephant, Loxodonta africana, in 
various parts of Africa in recent years has opened up unprecedented opportunities for 
various types of research on the species. During a current study of cardiovascular disease 
in wild animals, a series of 32 African elephants of both sexes (of which one was carrying 
an almost full term foetus) were first selected after careful observation, then shot and 
examined in detail post mortem by the author. Another seven, shot during a National Park 
“cropping scheme” , were also photographed and examined post mortem in as much detail

* Financed by the British Heart Foundation.
19 279
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as circumstances permitted. The complete series o f 40 elephants (in which the foetus is 
counted as a separate specimen), collected in Kenya and Uganda, thus includes all age- 
groups from  the near-term  foetus to a very elderly cow. All the specimens in this series 
were of the “ savannah” type of African elephant.

An evaluation o f cardiovascular disease must, o f necessity, take account o f the ageing 
process in order to distinguish between norm al and pathological conditions. It had been 
assumed that the abundance of literature concerning age determination in elephants, based 
on m olar development, would render the compilation o f the relative age sequence in the 
specimens collected during the present study a comparatively simple procedure. This, 
however, proved not to be the case, and the necessity for devising a straightforward molar 
laminary age standard, based entirely upon direct measurements, and referable to a 
simple graphic chart as a field guide, soon became evident, in the following descriptions 
and discussion the word “elephant” is used throughout to denote only the African elephant, 
Loxodonta africana.

In the series currently under examination, the molars o f all 40 elephants were photo
graphed in the field. The right mandibles o f 31 o f these specimens were also cleaned, 
m acerated and the m olar roots fully exposed on the medial, or lingual, aspect. Some left 
mandibles were also retained for comparison. Particular attention was also paid to the 
preservation and examination of the proximal molars developing within the alveolar 
pockets.

M orrison-Scott (1938, 1947), after the painstaking examination of a vast amount of 
material, listed 11 different approaches to the measurements and indices that may be used 
in identifying and ageing a given molar, and described the “ ridge form ula” , concluding 
that a reliable ridge form ula could not, in fact, be constructed. He proposed the “ laminary 
index” and “ enamel loop index” as useful methods, but was inconclusive as to a really 
reliable form ula for the identification o f any but the first two molars o f each half-jaw. The 
confusion undoubtedly arose in the first instance because both data and terminology were 
initially derived from the study of fossil teeth. Second, the study of the molars o f modern 
elephants was based, o f necessity, almost exclusively upon museum specimens which 
possessed inadequate field data  on sex, physical condition and locality.

In  the present study, an attem pt has been made to approach the subject primarily from 
the aspect o f the whole, living animal in its natural environment, and second from 
studies post mortem. Thus, in every case, the examination o f the jaws and teeth has beenf 
based not only upon actual measurements, obtained by consistent procedures, but also ' 
upon visual inform ation about the living specimen in its environment. From  these data, 
the graphic reference chart o f m olar laminary age (Table II) has been constructed. The 
chart has subsequently been tested against data obtained from specimens of known age 
and tooth  history, at present in captivity in zoological gardens, and approxim ate year-age 
reference points have been indicated. The oldest available elephant o f known age, whose 
molars could be examined clearly, is “ Diksie” of the gardens of the Zoological Society of 
London. A t the time of writing (Feb. 1966), she is 27 years old (Sharpe, 1946), and her 
approxim ate laminary age at 25 years has been indicated on the chart. Although there is as 
yet limited inform ation available upon which to base a comparison o f ageing and growth 
rate in captive and free-living elephants, comparative measurements o f shoulder height 
and laminary age so far obtained indicate a close degree of correlation. Body weight and 
girth, however, seem to be greater in proportion to laminary age and shoulder height in
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captive elephants than in free-living specimens, a difference which may be reasonably 
explained in terms of the combined factors of constant availability o f abundant food, and 
restricted facilities for exercise and migration in the case of the captive animals.

Unfortunately, in spite o f the abundance of well-intentioned guesses, regarding the 
potential longevity of the elephant, and the widespread tendency to assume nowadays that 
the elephant’s life-span is broadly similar to that of the human (Evans, 1910; Sanderson, 
1963), there is absolutely no reliable evidence in the case o f the African elephant as to what 
the maximum age may really be. N or has it been possible to obtain a single jaw, or detailed 
drawing of such a jaw, from an elephant o f actually known age above 27 years old. A t the 
Basle Zoological Gardens detailed records have been kept o f five elephants (two bulls and 
three cows) from the time of their arrival in Basle as approximately yearling calves in 1952. 
Lang (1965) has measured the molar fragments discarded by these elephants over a period 
of about 13 years. Johnson & Buss (1965) have examined a large number of half-jaws 
collected in Uganda and have constructed an age curve, on which they have assigned 
approximate age increments up to about 40 years old. It is, however, to be observed that the 
authors have indicated the introduction o f molar V into wear at only 10 years old, and no. 
VI at 20 years—points which are neither confirmed in the specimens of the present study 
series (by comparison with the body measurements and descriptions o f the molars given by 
them), nor in the captive elephants at Basle, Hanover or London.

None of the above authors, unfortunately, suggested a simple, workable standard for 
field use, either for molar identification, or for age assessment, which would enable the 
research worker in the field, at the carcass, to describe and assess the molar age of a given 
elephant with the minimum of effort and equipment. Moreover, avoidance of the necessity 
for transporting the bulky jaws to the base camp or laboratory would be a great advantage 
where the need to assess the age o f the specimens is necessary, but not o f prior importance, 
in a given research project or cropping scheme.

An attem pt is made here to provide such a method which will enable the worker to 
identify the molars in wear and to ascribe a provisional laminary age to a given specimen 
in the field. Since the laminary age chart and field data given in Tables I and II are derived 
from elephants collected only in Uganda and Kenya, it is possible that differences in actual 
molar size might occur in specimens collected in other parts of Africa. It is unlikely, 
however, that the basic laminary age pattern will be found to differ significantly in normal 

\specimens collected in other localities. On-the-spot measurements, photographs, and the 
’extraction and preservation o f the two lower right molars in wear, as well as o f that 
developing in the alveolar pocket, if present, is recommended for subsequent confirmation 

i of the provisional field assessment. It is also here suggested that, until sufficient accurate 
data become available, the age of African elephants is best referred to as laminary age, 
rather than in terms of annual increments. As additional exact data from  captive elephants 
of known age become available, it will be possible to convert the laminary age increments 
to annual increments.

Materials and methods

The following measurements from 40 elephants (of which 25 were bulls and 15 cows), were taken 
as consistently and accurately as possible, and in as many cases as circumstances permitted. The 
specimens which were collected and preserved for further laboratory examination, are indicated.

19*
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Body weight

Wherever conditions permitted, the carcass was weighed piecemeal, 5 % being added to the total 
to cover fluid loss due to evaporation and spillage during the post mortem examination. Since every 
animal was killed by means of a solid bullet in the brain, there was little, if any, blood loss and 
usually no defaecation or urination at the time of death, since death was instantaneous. The figure 
of 5 % was determined on the basis of the findings of Ledger (1963), and after allowing for differ
ences which might arise due to the specialized method used in shooting and dismembering the 
carcasses of the elephants for study. Little fluid loss took place from the intestines, stomach and 
caecum, as these were tied off into lengths, in situ and then weighed length by length. Johnson & 
Buss (1965) have devised a method of very careful on-the-spot estimations of blood loss in each 
case, but their specimens were mostly killed by means of the heart-shot, when heavy blood loss 
inevitably followed.

It is known that an elephant may drink up to 20 gal water at one time, and probably up to 35 
or 40 gal in 1 day. A large animal may be able to drink more than 20 gal at a time. Thus, a 
variation of up to 100 kg is to be expected according to when the elephant last drank—i.e. up to | 
at least 3-5% of body weight on an average-sized mature elephant. Field equipment has unfortun
ately not been available with which to make a sound estimate of the degree of accuracy of the 
method used in the present study by comparison with the direct weight measurement of the whole 
carcass of a full-grown elephant. As a guide, however, the present method, although imperfect, 
has proved useful, and is similar to that currently in use by most workers who make any attempt 
to weigh elephant carcasses in the field in East Africa.

A 12 cwt scale was used, raised by a pulley block with chain tackle, on a home-made tripod 
consisting of three 6 ft by 2 in. steel pipes, into which three 6 ft by 1-5 in. steel pipes were inserted 
to a depth of 12 in., where they were supported in each case on a sm^ll inset bar. The tripod head 
was made of three angled pieces of 1 in. rod, welded and depressed centrally, so that the hook of 
the pulley block would not slip off, and arranged at 120° to each other, the angled ends sliding into 
the tops of the 1*5 in. pipes. When dismantled, the whole formed a compact 6 ft long bundle.

Length

This was measured by two different methods, neither of which proved to be either reliable or 
useful.

(a) Total length was measured by stretching the trunk forward as far as possible and the tail 
backward, marking each extremity with a vertical pole and taking a direct straight measurement 
between the poles. ^

(b) Length over dorsal curves was measured by means of a flexible tape-measure from trunk tip 
to tail tip.

Both the above measurements proved very unreliable due to the variable extensibility of the trunk 
and the position of the head after falling. The latter varied according to the length of the tusks and 
to irregularities of the terrain.

Height at withers

This measurement has proved both accurate and useful. Since an elephant usually falls on the 
side towards the rifle, when shot in the temple, this shot was used for killing all except 4 of the 
specimens in this study. Sometimes, in falling, the forefoot flexes, but, if straightened by hand 
immediately after death, may be measured very accurately by placing a pole vertically on the 
ground against the withers, and then measuring direct to the outer edge of the sole. If this is im
possible, the measurement is best conducted in 3 stages on the lateral surface: (a) withers to lateral
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epicondyle of humerus; (b) epicondyle of humerus to styloid process of ulna; (c) styloid process 
of ulna to edge of sole. The measurement thus obtained is closely comparable to that commonly 
used in finding the shoulder height in living elephants in captivity.

Girth

Usually it is possible to push a tape-measure under the carcass just posterior to the elbow, and 
to measure the whole girth. In other cases, the half-girth is measured from the spine to the ventral 
midline and then doubled. In every case the girth was measured just posterior to the elbow and 
withers, as in girthing a horse, and never over the belly, which all too rapidly expands immediately 
after death.

Ear: height, width and turn-over

While experience of these measurements may be of some value in making a rough assessment of 
the age group of the living elephant in the herd, it is not easy to apply these measurements to the 
present study on age, as it is found that it is difficult to obtain them consistently and accurately, 
especially in the case of the dorsal turn-over.

Foreleg and hindleg

The following measurements were consistently taken : (a) foreleg: elbow to edge of sole, length 
and breadth of sole, and circumference of forefoot at edge of sole; (b) hindleg: stifle to edge of sole, 
length and breadth of sole and circumference of hindfoot at edge of sole. Apart from noting that 
the hindleg length from stifle to edge of sole is usually 2 or 3 in. less than that of the foreleg from 
elbow to edge of sole in a full-grown African elephant, and that each of these measurements is 
respectively almost identical to the circumference of its own foot, all these measurements have 
been disregarded for the present study with the exception of forefoot circumference. This measure
ment is of some value when spooring elephant, as an age-group indicator.

Weight o f internal organs

Various internal organs were weighed consistently in every case, but are considered inapplicable 
to the study of age estimation in the field.

Photographs

In every case, photographs of the molars were obtained in the field and have been successful and 
of great value in understanding the molar ageing process. Irregularities between upper and lower 
molars and right and left sides have thus been photographically recorded and have enabled the 
author to make a check on the value of the use of the right mandible as the standard means of 
obtaining the laminary age. Unfortunately, a measuring tape or rule was not placed on the 
specimen for reference in every case. This is of no importance in the 31 specimens where the jaw 
has been collected for subsequent study, but in the other cases where the omission has occurred it 
is a serious disadvantage.

Mandibles

In 31 elephants, the mandibles were disarticulated from the skull, and divided with an axe at, 
or near, the fused symphysis mandibulae. The right mandible was then cleared of flesh and skin 
and opened with an axe or machete along the medial, or lingual face, to expose the molars in 
wear, as well as any additional developing molars in the alveolar pockets. If undamaged during 
this procedure, the complete encapsulated alveolar molar was labelled and preserved in formalin
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in a plastic bag. If damaged, the separate laminae were collected and subsequently cleaned, dried 
and labelled individually at the base camp. African field assistants proved themselves, after a little 
practice, to be very efficient at carrying out this procedure.

Eye lenses
Whenever circumstances permitted, the eyeball lying uppermost was removed whole, opened by 

a lateral incision and the lens forced gently into a tube of Richardson’s Fixative (Richardson, 1960) 
by applying pressure on the back of the eyeball. The lens was thus not touched directly at all either by 
hand or instrument. Unfortunately, lenses were not obtained from any of the 7 specimens from 
the Murchison Falls National Park, and in some other cases the extraction of serum was of prior 
importance and necessitated delaying the extraction of the lens until it was too late, and decomposi
tion had already set in. It was hoped that these would provide a useful check on age assessments 
made by the examination of the molars.

Subsequent to the return to the laboratory the following procedure was used:

Mandibles
These were macerated and dried, and placed in a line in apparent age order on a long bench. 

Any preserved developing molars were returned to their respective mandibles and attempts to 
finalize the sequence by combining laminary counts, measurements of grinding length, enamel 
loop width, and the calculation of laminary indices were made, using the methods summarized 
by Morrison-Scott (1947). When the results of this process were used in conjunction both with 
the broad trends obtained from body measurements and with held notes on the herd-status in life 
of each specimen, considerable confusion resulted.

Thus, an attempt was made to reassess the whole situation, and to determine first the true 
number of potential laminae for each molar in the lower half-jaw series, and second to see if 
during the molar progression any stable reference point could be found, whereby the laminary 
picture at any given tooth-age could be reliably described. The foramen mentale was found to be 
an excellent reference point. It is observed that at a point (as yet undetermined regarding its exact 
location) within the arbitrary transverse section of the mandible which would pass through the 
centre of the foramen mentale, erosion of the root of the lamina currently located in this section 
begins. As the molars move anteriorly, the erosion of the root, from a point about half-way down 
its distal face spreads both up and down the root until it is wholly resorbed. When this occurs the 
thin, now well-worn surface layer of the part of the tooth lying anterior to the foramen mentale 
is liable to fracture sooner or later during mastication, the fragments either being dropped from the 
mouth or swallowed. Some enzymic activity operating on the molar roots at this point within the 
mandible suggests itself as a possible mechanism here.

Using the foramen mentale as a reference point, new sets of laminary counts, measurements of 
total grinding length, maximum grinding width, and molar weight were made. These findings are 
summarized in Table I. The measurements used in the table were made as follows:

(i) Total grinding length. A line was drawn vertically through the foramen mentale, up the man
dible and molar, and across the grinding surface of the molar. On this line, from a point approxi
mately at the centre of the molar, the distance was measured backwards to the proximal end of the 
grinding surface of the molar, or molars, currently in wear (Plate 1(a)).

(ii) Maximum grinding width. This is simply the greatest measurement obtainable with dividers 
or a caliper of the outer edges of the enamel loops in current wear lying proximally to the foramen 
mentale reference line on the grinding surface.

(iii) Molar weight. The weights given are those obtained for the individual right molar or molars 
in current wear, after complete drying.
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P l a t e  I, (a) The method used for identifying the lamina above the foramen mentale. A lower right mandible 
containing molars V (fragment) and VI is shown. The vertical line through the foramen cuts molar VI between 
laminae 1 and 2, giving a laminary age of FM : VI 1-2. The maximum grinding length is the distance measured 
from the FM line to the proximal end of the grinding surface in wear, P. Maximum grinding width is the maximum 
width on the outer edge of the widest enamel loop in wear, lying proximally to the FM line.

(b) Uneven development of molars. Since measurements are only made proximally to the FM line, uneven 
fragmentation distal to this line does not affect the measurement of maximum grinding length and width.
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P late II, (a) Molars of the right mandible (medial aspect). In each case a typical well-developed molar is 
shown, the laminae being numbered from the distal (left) to the proximal end.



mo :9|D0S

T3
Crt
£
"â

o

i2o

u

0̂



i  : ::

y
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L. mandible, M 135
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L. mandible, M 114
P late III. (a) Left mandibles, with molars exposed on the medial aspect, of a near-term foetus (154), a young 

calf (135) and a yearling calf (114). The left tusk of each o f these specimens is also shown: no. 154 with the milk 
tusk; no. 135 with both the milk tusk and the permanent tusk in situ in the premaxilla; no. 114 with the developing 
permanent tusk only, the milk tusk having been shed.
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P l a t e  III. (b) Left mandible o f specimen 114 showing the first four molars present, of which I to III are 
simultaneously in wear. No. IV is incomplete, only four laminae having been partially calcified at this stage of 
development. Ten quite distinct laminae are seen in the developing molar III
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Molar V  
taken from alveolus  
showing 12 laminae
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Molar V/1  and 2  
early deve lopm ent  

w ith |s ep a ro te  cavit ies  
for branches  of  pulp 
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P late IV. (a) Molar V, taken from the alveolar pocket o f specimen 134. Twelve distinct developing laminae 
were found, of which no. 12 formed a tiny leaf on the proximal face of no. 11.

(b) Molar V, laminae 1 and 2 are always fused during development but have distinct pulp branch cavities. Speci
men 133.

(c) Molar V, the complete pulp, extracted from the developing fifth molar of specimen 132, showing 12 distinct 
parallel branches which carry the 12 laminae of the tooth.
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P l a t e  V. (a) Right mandible, medial aspect, o f the very elderly female specimen 107. The sixth molar is already 
declining, its fangs bent and already largely resorbed, and the alveolar pocket fully invaded with diffuse bone.

(b) Upper jaws with remains of sixth molars of specimen 107, showing that only 3*5 enamel loops remain, severely 
limiting mastication.
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P late VI. (a) Medial aspect of the left mandible o f specimen 116, showing the initial invasion o f the alveolar 
pocket, proximal to the sixth molar, by bone. Only laminae 2 to 13 are visible on the medial aspect, lamina no. 
VI/1 lying as a pillar at the distal end of the cheek side of the molar.



^  ' W ' '
;>l

a

L  ^ Æ m  I .

r-1

- # :

f- ;

P late VI. (b) Medial aspect of the right mandible of specimen 121 after removal of the sixth molar, showing the 
build-up o f bone on the proximal side of each lamina, thus exerting pressure on the laminae, and tending to force 
the molar in an anterior direction, the roots being simultaneously bent and resorbed.
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Lens weights

The lenses (preserved in Richardson’s Fluid for a period of not less than 2 months in every 
case) were dried to constant weight. The results shown in Table J, strongly suggest a possible 
correlation with the laminary age sequence obtained from the molars. Although lenses were 
obtained from only 26 of the specimens, there is sufficient indication of a parallel lens age sequence 
to warrant further close study if more material can be obtained by future investigators. Lens 
weights have been found to be very useful indicators of age in other species—of which examples 
include the racoon (Sanderson, 1961) the Gray fox (Lord, 1961), the Cottontail rabbit (Lord, 1959; 
Edwards, 1962) and the Pronghorn antelope (Kolenosky & Miller, 1962).

The molar progression and identification of the molars

It is well established that the African elephant, during its life, normally has a 
course of six molars in each half-jaw, upper and lower, which move forward by linear 
progression towards the distal end of the jaw, where small fragments break off during wear 
and are lost. Each of these molars arises proximally as a complex unit in an alveolar pocket. 
A great deal o f unnecessary confusion has arisen as to the precise number of laminae which 
belong to each individual molar. Unless these are examined at an early stage of develop
ment, as well as at more advanced stages, confusion is inevitable, and unless a complete 
age-sequence is available it is difficult to trace the stages through which each lamina must 
pass during its functional existence. Moreover, some authors have described the laminae 
from the medial aspect and some from the cheek, while some have used upper teeth and 
some lower.

To avoid confusion, all the molars used here have been described from the medial and 
crown aspects only, and all have been taken from the right mandible. Checks against 
abnormalities have been made by comparison with duplicate molars from the left mandible 
and the photographs of the upper molars, and although a slight difference occasionally 
occurs, it is usually insignificant or only affects the fragmenting portions, distal to the 
foramen mentale (see Plate 1(b)).

It is not relevant here to refer to the tusk development except in the early stages, in the 
foetus and calf. Aichel (1918), Bales (1926), Schaub (1948), Hill (1953) and other authors 

k have referred to the milk tusk in the elephant, Lang (1965), however, disputes its existence. 
r Specimen 154 in the present series, a near-term foetus, possessed a pair of deciduous or 

milk tusks. The permanent tusk buds could not be identified with certainty in the premaxil
lae, although a series o f thin sections o f approximately 2 mm thickness were cut through it. 
Specimen 135 was a female calf o f probably under six months old and still possessed a pair 
of milk tusks, as well as a distinct pair o f permanent tusks developing behind them in the 
premaxillae. Specimen 114 was a larger calf, which had already lost the milk tusks and pos
sessed perm anent tusks, 15 cm long, which were still subcutaneous, although they protruded 
just beyond the anterior edge of the premaxillae (Plate 111(a)). It is probable that specimen 
135 was younger than any of the collection at Basle at the time of their arrival there, hence 
their milk tusks could no longer be observed, having already been shed.

Thus, the dental formula for the African elephant must include both an upper, deciduous, 
or milk tusk and an upper, permanent tusk on each side as well as six molars in each half
jaw, upper and lower.
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T a b l e  I

Measurements o f  40 elephants^ arranged in laminary age order

Males

Wt Wt Circum
Maximum distal proximal ference

P.M. Lens Grinding grinding molar molar Body Height o f fore
Spec. laminary wt length width in wear in wear wt withers Girth foot
no. age (g) (cm) (cm) (g) . (g) (kg) (cm) (cm) (cm)

154* I/O 00 9 — — —
—

61 74 173 32

113* III/3 0 3 9 12 5 4 4 252 83 1389 200 259 81

103* III/7 041 13 8 5 4 172 125 2480 221 274 107

134* lV/2 0 48 13-5 5 2 765
— —

277 335 104
110* IV/2 0 45 13 2 5-2 950 — 2580 250 320 112

83 IV/5 0 51 __ __ 2665 264 356 106
99* IV/6 0 5 0 138 4 9 330 1500 — 290 350 107

132* IV/7-8 — 164 5-2 180 1865 — 312 422 125
85* IV/7-8 0 5 2 18 6 5 5 241 1925 — 295 384 124
87* IV/8-9 05 9 184 5-4 144 1810 — 269 356 114

149* IV/8-9 0 61 186 5 5 190 1900 — 280 326 124
150* IV/9 0 61 184 5 9 57 2440 — 274 366 117
118* IV/9 0 62 18-8 5-7 115 2320 — 277 378 122

19 V/2
—

—
—

— —

4100 322 396 134
152 V/2 — — — — — — 330 452 142

84* V/6 0 71 248 7 4 990 2598
—

335 450 144
93* V/7 0-71 22 0 6 6 680 2785 2870 262 340 99

119* V/7 — 22 5 7 0 710 2610 — 300 400 132
120* V/7 0 7 2 22-2 6 6 736 2720 — 322 419 140
108* V/7 — 268 7-5 652 3170 5550 350 436 147

18 V/9 __ --- __ 5400 335 414 137
116* V/9-10 — 23 3 7 0 652 3570 — 325 406 140
117* V/11 — 243 7 2 418 3910 6070 346 426 140

86* VI/1 083 21 0 7 0 3440 340 420 150
121* VI/1-2 . 0 88 210 7 2 3740 — — 312 427 137

— — — — — — — — — — —
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T a b l e  I (continued) 

Females

Wt Wt Circum
Maximum distal proximal ference

P.M. Lens Grinding grinding molar molar Body Height of fore
Spec. laminary wt* length width in wear in wear wt withers Girth foot
no. age (g) (cm) (cm) (g) (g) (kg) (cm) (cm) (cm)

135* I/O-l 0 18 6 5 18
— —

212 114 137 56
114* I/l 0 21 9 8 2 5 68 73 369 137 157 66

133* III/4 0 30 12 6 4 3 69 74 - 213 287 88

23 IV/2
— — — — —

2130 252 302 104
100* IV/2 048 14-2 5 3 680 708 — 234 294 107
25 IV/2 — — — — — 2080 256 287 97

112* IV/7-8 0-51 15 9 5 6 129 1670 2380 246 335 107

22 V/1
— — — — —

2438 282 264 102
24 V/1 — — — — — 2620 284 336 109
88* v /2 0 6 0 170 5 4 1710 — — 259 366 114

131* V/5 176 6 2 820 1500 252 350 114
127*

1 -
V/5 0 6 0 222 6 5 850 2160 262 332 107

21 V/8
—

—

—

— — 2770 270 353 109

122* VI/4 087 20 0 6 5 1530
—

2920 280 366 112
107* VI/8 093 130 6 2 510 — 2537 259 322 125

I -

• Indicates specimens whose right mandibles were available for detailed study and which have also been used in 
Table II.
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Using the same num bering o f the molars as used by M orrison-Scott (1947) Nos I to VI 
(1 being the earliest, most anterior in development in each half-jaw), it now appears, from 
Lang’s data  (Lang, 1965) that molars I and II are lost a t the ages of about two years and 
four to  five years respectively. W eaning usually takes place at about two years old, but 
occasionally sporadic suckling in the wild state continues until two subsequent calves have 
been born to the dam  (i.e. four to five years later). M olars I and II differ very considerably 
in the arrangem ent o f the roots from  molars III to VI (Plate II (a) and (b)). The roots 
rem ain “ open” until the m olar approaches the foram en m entale when they close and 
become bent towards the posterior as “ fangs” (Verheyen, 1960).

Molar I

The first m olar is very small and although it is lost at about two years old, it is not at 
present clear whether it has already been cut at the time of birth. Browsing begins at a very  ̂
early age, but so far, reliable data as to exactly what this age may be have not been available.

In the near-term  foetus, specimen 154, there were five quite distinct laminae. In specimen 
135, all five were clearly distinguishable on the grinding surface, and the root had divided 
into distinct distal and proximal parts. Specimen 114 showed that the fifth lamina had been 
lost through wear and was no longer visible on the grinding surface. The other four were 
indistinct, but could just be identified. The maximum grinding width was 1 • 1 cm and the 
maximum weight 9-6 g maximum grinding length 2*4 cm (Plates 11(a) and (b)).

Molar II

This m olar apparently comes into wear simultaneously with m olar 1 but is not lost until 
about four to  five years old. Seven distinct developing laminae, all already partly calcified, 
were found in the foetus, specimen 154. All seven were also distinct in specimen 135. Out 
o f these, only laminae 1 to 4 (inclusive) had come into wear (Plate 111(a)). In specimen 114 
the second m olar was complete, the seven laminae being easily distinguishable on the crown 
and all in wear, while erosion was ju st beginning on the anterior face o f the distal root. By 
com parison with details quoted by Lang (1965) and with the records kept o f the develop
ment o f “ Diksie” and “T oto” at the Gardens o f the Zoological Society o f London, the 
loss o f m olar I  usually seems to occur at about two years old, and o f molar 11 at between à 
four and five years old. "

In the foetus, the foram en mentale lay distal to m olar I, in specimen 135 it lay just under 
the anterior edge of the first lamina of m olar I. The laminary age o f 135 may thus be 
described as FM : 1/0-1. In specimen 114 it was below the first lamina, thus giving a lami
nary age o f FM :1/1. The maximum grinding width found in m olar 11 was 2*5 cm, the 
maximum weight 73*3 g and the maximum grinding length 5*5 cm.

Molar I I I

“ T oto” , the young cow in London, is a t the time o f writing (Feb. 1966) just over five 
years old and has her th ird  m olar fully in wear. A pparently her m olar IV has not yet 
started to come into wear, although it is not very easy to see right to the back of the mouth 
with absolute certainty. By comparison with Table II, her lam inary age is probably FM:
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111/2. Three specimens taken in the present study had molar 111 in wear, and it was also 
present in specimens 154 and 135, in the alveolar pocket, while in 114, the first three 
laminae had come into wear, so that 114 actually had three molars, I, II and III, in wear 
simultaneously. In specimens 135 and 114, ten distinct laminae could be counted, these 
being fully calcified in 114 (Plate 111(b)). Thus, molar III has ten potential laminae. 
Examination of the whole molar, however, after it has come into wear suggests that the 
tenth lamina never reaches full wear, although in two cases, 113 and 133, it was dis
tinguishable as a buttress on the proximal face of lamina 9. As molar IV begins to come into 
wear, friction of IV/1 against I1I/9 occurs in some cases, e.g. specimen 103. It may wear 
away 111/9 completely so that only eight laminae are distinguishable as ridges on the 
crown. The maximum grinding width found was 4-3 cm. It is not possible to measure the 
full grinding length in “T oto’s” m outh, and unfortunately no specimen was collected on 
the present project possessing a complete molar III in wear. Thus, neither maximum 
grinding length nor weight are available, although probably about 9-5 cm is the maximum 
grinding length attainable by this tooth.

Molar IV

M olar IV begins to come into wear at about four years old and is fully in wear at about 
10 to 11 years old—i.e. at the beginning of the sub-adult or “ teenage” period. This molar 
has ten distinct potential laminae. These were all present in the alveolar pocket, prior to 
the growth of laminae 1 and 2 into wear. In 103 and 134, the tenth lamina was distinguish
able only as a buttress on the proximal face of the ninth lamina. Thereafter it apparently 
disappears as the tooth develops. Lamina 9 also is frequently worn down at crown level by 
friction against V/1, as molar V comes into wear, e.g. specimens 112, 132 and 149. Thus, 
previous investigators have thought, for example, that molar IV had only seven (Falconer, 
1868) or, others, nine laminae (Ward, 1935). The maximum grinding width found was 5-5 cm, 
maximum grinding length 13 5 cm, the weight of the complete tooth (cJ) 950 g, (?) 680 g. 
It should be noted that as wear and fragmentation progresses, lamina 4 marks the division 
between the distal and proximal root complexes, itself having a divided root. In molars 
IV, V and VI, laminae proximal to no. 4 may thus be counted with accuracy, even after 
the loss of the first three laminae (Plate 11(a) and (b)).

Molar V

The first laminae of the fifth molar move into wear at about 13 or 14 years old, and the 
tooth is probably fully in wear by about the 23rd to 25th year o f age. It has 12 potential 
laminae (Plate IV(a) and (c)) of which nos 1 and 2 arise united at the base, no. 1 being the 
smaller (Plate IV(b)). Both, however, contain distinct pulp-branch cavities and must be 
regarded as distinct laminae. During development, no. 1 reaches the level o f the crown 
and comes into wear, but usually (though not always) only as a pillar on the cheek side 
of the molar (Plate 11(b)). Sometimes it develops symmetrically but it is always less easily 
distinguished from no. 2 than no. 2 from no. 3. Num ber 12 appears as a very small leaf on the 
proximal face of No. 11 (Plate IV(a)). It also has its own pulp-branch cavity, but apparently 
it never comes into full wear, although in specimens 131 and 119 it could be identified as an 
indistinct buttress on the proximal face of no. 11. As in m olar IV, the penultimate lamina 
of molar V may be worn away by friction against the distal end o f molar VI, as this comes
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into wear, e.g. specimens 108 and 120. The maximum grinding width o f m olar V was 
found to  be 7-5 cm, maximum grinding length approxim ately 17-5 cm and weight of the 
complete tooth  2440 g.

M olar VI

It is likely that the sixth, and largest molar, does not begin to come into wear until after 
the 28th to 30th year o f age. N o evidence has been available on which to base a suggested 
age at which it attains full wear, nor how many years it takes for all o f its laminae to  move 
past the foram en mentale. Undoubtedly this covers a considerably greater period o f years 
than  m olar V since its laminae are not only more num erous but also thicker and heavier. 
M olar VI has 13 potential laminae, all o f which may come into wear (Plate VI(a)), although 
sometimes no. 13 apparently forms a buttress against the proximal face o f no. 12 without 
reaching the crown. As in the previous teeth, lamina no. 1 often arises asymmetrically, 
form ing a pillar on the cheek side only o f the tooth  and it may also be rapidly worn away by ij 
friction against m olar V /11. As the sixth m olar moves anteriorly along the mandible, bone 
tissue invades the alveolar space and becomes increasingly dense (Plate V(a)). Bony tissue 
is also laid down in the mandible, proximal to each lam ina edge, apparently forcing it to 
move forwards continuously (Plate VI(b)). The mechanism for this process has been 
discussed by Heuvelmans (194W,6,c, 1942, 1943), Aichel (1918) and Verheyen (1960). It is 
quite evident, in the present series, that there is an actual elongation o f the molar-bearing 
portion o f the m andibular ram us. It is also clear that m olar movement is not entirely 
dependent upon pressures exerted by the growing proximal molars, the dynamic and 
constantly self-adjusting bone form ation within the mandible undoubtedly contributing to 
the m olar movement in an anterior direction. It seems unlikely that mastication provides 
the only stimulus, or that it is dependent on environm ental factors causing greater or 
lesser wear on the grinding surfaces. One is inclined to the view that the process is an intrin
sic one. The sixth m olar becomes very large and heavy at the point o f maximum growth— 
i.e. when 12 laminae are fully and sim ultaneously in wear. M aximum  grinding width 
found was 7*2 cm, grinding length 21 cm, weight 3740 g.

Thereafter the weight and length decrease as anterior fragm entation takes place and the 
roots are eroded, resorbed and no more replacement teeth are available proximally. The 
oldest elephant taken, lam inary age FM : VI/8, was a cow. It showed all signs o f senility 
and—a m ost unusual situation for a cow—had left its association with a herd with which y  
it could presum ably no longer keep up, and was obviously limited to  feeding solely upon 
the softer shoots and leaves o f the vegetation. The fangs o f the rem aining molars were 
severely eroded and the molars themselves found to  be loose in the jaws, when it was shot.
It is evident tha t the maxim um  age of an elephant is absolutely limited by the time when 
m astication is not longer possible, due to the decline and loss o f the final laminae of the 
sixth m olars (Plate V(a) and (b)).

Proposed laminary age standard

Table II is an attem pt to represent graphically the m olar sequence, showing the potential 
life-span of an elephant as the period covered by the progression o f a total o f 57 laminae 
anteriorly past the foram en m entale o f the mandible.
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Thus the laminary age sequence runs through molar laminae: 1/1-5; 11/1-7; III /I-IO ; 

lV/1-10; V/1-12 and VI/1-13, i.e. a total o f 57 laminary increments.
The complete molar situation in the right mandible is represented by the shaded bars on 

the table, the maximum elevation in each case representing laminae in wear, the first level 
of decreased elevation representing laminae which have either been worn down to a lower 
level or which have not yet come into wear. The second level of decreased elevation 
represents laminae which never come into wear, term inating as mere buttresses on the

Table H

Laminary age sequence in 31 African elephants, é  and  ̂
Right molars, media! aspect

seniliiy —

- ieenoge

I I
2 3 4 5 ‘ 1 2 3 4 5 6 7' 1 2 3 4 5 6 7 8 9 lO 1 2 3 4  5 6 7 8 

i n  m IV
Dtstol Motor end lominory numbers

1 ' 2 ' 3 ‘4 ' 5 ' 6 ' 7 ‘8 ' 9 ' l o ‘ll'l2’

- c o i f  

- f o e tu s

1’2 '3 '4 '5 '6 '7 ‘8'9'lo'll‘l21J 
VI 

Proximal

proximal face of the tooth. M olar and laminary numbers are indicated along the base line,, 
and the position of the foramen mentale in each specimen by a gap in the shading of the 
bar. In cases where laminae from the alveolar pockets were lost or damaged, this has been 
indicated by dots, and in specimens 154, 134 and 114, where portions of the developing 
molars were not yet calcified, the laminae being present as fibrous sheets only, the position 
is indicated by diagonal shading.

It should be noted that Table II, and indeed the whole concept o f molar laminary age is 
based on a numbered laminary progression, not upon laminary or molar size. The measure
ments o f molar length, width and weight are given only as a guide to the identification o f  
the molar, or molars, currently in wear.

Having identified the molar, or molars, in wear and the lamina directly over the foramen 
mentale, the laminary age of the specimen in question may now be stated. Plate 1(a) 
illustrates the procedure in tJie case o f specimen 121.

20
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F or com parative purposes, indications o f year-ages have been entered on the table, 
derived from  data obtained from  living captive animals o f known laminary and year-age 
now at the Zoological G ardens o f Basle and London.

Lens weights

Having determ ined the lam inary age sequence of the 31 specimens whose mandibles and 
m olars were available for detailed study, the available lens weights were entered on Table I 
for com parison and some degree of correlation was found. Unfortunately, insufficient lens 
weights were obtained in the present study to use as a sample from  which to construct a 
meaningful curve.

T a b l e  III 

Measurements o f  complete lower right molars

No.

Maximum grinding 
length 

(cm)

Maximum grinding 
width (enamel loop) 

(cm)
Maximum weight 

(g)

I 2 4 M 9 6
II 5-5 2-5 73 3

III (approx.) 9 5 4 3 (approx.) 180-190
IV 13 5 5*5 950
V 17-5 7-5 2440

VI 21*0 7-2 3740

The rem aining nine specimens o f the field collection were also entered in Table I, being 
placed on the basis o f laminary age estim ations derived from  field photographs o f the 
molars, a m ethod which, if used by itself for a large num ber o f anim als for which no 
additional data are available, m ight lead to error over the identification of molars III, IV, 
V and VI. In  the case o f the specimens used here, sufficient additional da ta  were also 
available to  confirm the first arbitrary placings made on the basis o f the photographs of the 
molars. I

The value of body measurements in age estimation

The value of the body measurements in age estim ation is limited and really only offers a 
b road  guide in the field. Knowledge o f the norm al measurements is useful when studying 
live, wild elephants for the purpose of herd com position counts and selection for “ cropping” 
or for research purposes. The most meaningful for these purposes are withers (or shoulder) 
height and forefoot circumference.

Broadly speaking, a calf o f under 140 cm at the withers indicates a laminary age o f less 
than  I I / l  (under two years); from  140 to 200 cm indicates a calf o f laminary age I I/l to 
I I I /l  (between two and five years). A height o f 200 to 250 cm indicates a laminary age of 
II I /l  to IV/1 (five to ten years). Above this, bulls grow m ore quickly than cows: 250 to 320
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cm in a bull indicates that the laminary age is on the fourth molar (abour 10 to 25 years); 
320 cm and over indicates that the laminary age is on the fifth or sixth molar (over 25 years).

No cow was taken in the present series above 284 cm at the withers, although several 
were outstanding members of their herds. Forefoot circumference is very variable, but in 
the bull 100 cm or less indicates a calf (under five years) ; 100 to 125 cm indicates laminary 
ages in /1  to V/1 (five to 25 years) and above 125 cm laminary ages of V/1 and over (over 
25 years). The maximum forefoot circumference of any cow in the series was 125 cm, that 
of the very elderly specimen no. 107. Generally this measurement seems to be very 
variable in the cow, and therefore of little value for age assessments on the basis of the 
spoor alone. This maximum for a cow is much smaller than the maximum forefoot circum
ference of 150 cm of bull 86 taken in the present study, and of 155 cm found by measuring 
the spoor o f a very large bull elephant seen and photographed (but not collected) in the 
Amboseli National Park, Kenya.

Measurements of body weight and girth are also of importance as a guide to the general 
physical condition o f the elephant in relation to food and water availability, to stress, and 
in some cases to pathological, congenital or traum atic causes, since inconsistencies in these 
measurements are usually indicative o f some abnormality. This is particularly evident in 
specimens 86, 87, 93 and 107, which may be contrasted to the measurements o f 152, a bull 
in magnificent condition (laminary age FM : V/2) which was collected on Kinangop 
M ountain, Kenya. No lesions or parasites were seen in this specimen; a fistula near the 
trunk tip, probably due to piercing by a bamboo in early life, had healed and was apparently 
of no importance to the animal.

Specimen 86 was an elderly bull (laminary age V I/1), collected in N orth Uganda. It was 
lop-eared and maintained the “drooping-head” posture typical o f an elephant with chronic 
ill-health. It was also sluggish, anaemic and had suppurating lesions on the trunk and in 
the buccal cavity. The sixth molar was lighter in weight than the sixth molars o f com
parable age from other specimens. The circumference of each of the forefeet was also 
rather larger than that o f others in proportion to shoulder height, each forefoot having a 
soft, swollen appearance.

Specimen 87, from the same location as 86, had, at some time, lost the distal third o f its 
trunk. It is o f note that its molar weights, grinding width and length, and its shoulder height 
are rather less than should be expected. Its survival up to the time it was collected in this 
project was, in itself, remarkable, as the trunk stump had healed. Nevertheless, the elephant 
must have been greatly restricted in its ability to feed and drink and was probably capable 
of utilizing only softer, more readily accessible foodstuffs, and had thus become impaired 
in its molar and body growth rate.

Specimen 93, from West Uganda, was a very small elephant for the laminary age finding. 
It had advanced aortic and coronary atherosclerosis and was reported by the people of the 
locality, where it was collected, to be very inactive and to live within a small circumscribed 
area. Again it seems probable that the laminary formula gives a reasonably correct 
estimation of its age, as the molar dimensions and weights seem normal, but that possibly 
through ill-health or some other cause it failed to grow to the normal size and achieve the 
activity necessary to full physical development.

Specimen 107, a cow from the coastal region of Kenya, was obviously a very elderly 
elephant, as mentioned previously, and its shoulder as well as its head “drooped” , as in
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specimens 86 and 93. It had extensive atherosclerotic plaques in the aorta, as well as a heavy 
parasitic infestation o f the liver. Its body weight was apparently declining, 2537 kg being 
low for a cow elephant o f its shoulder height (259 cm). The forefoot circumference is also 
ra ther large for a cow, and as in 86 the sole appeared unusually soft and swollen.

Conclusions

Owing to the inadequacy of reliable data on estimating the age o f the African elephant 
{Loxodonta africand) on the basis o f annual increments, it is suggested that a technique 
o f estimating and describing the m olar laminary age would be a simple and meaningful 
alternative for use in the field.

The potential life-span o f an African elephant is limited by the character o f the forward 
linear progression o f the six molars located in each half-jaw. During the entire progression 
in the m andible a total o f 57 m olar laminae move past the foram en mentale, at which point 
erosion of the roots begins. Thence only the th in  rem nant o f the grinding surface moves I 
forw ard beyond this point and breaks away in irregular fragments.

The full num ber o f 57 m olar laminae may be identified during the development o f the six 
molars, the laminae being grouped as follows: m olar 1/1-5; I I /1-7; I II /l- lO ; IV/1-10; 
V /1-12; VI/1-13. As the molars move into wear, surface irregularities occur, but these 
may be interpreted w ithout undue difficulty by reference to direct measurements o f the total 
grinding length o f the m olar or m olars in wear, maximum grinding width o f the outer edge 
o f the enamel loops in wear, the weights o f the m olar or molars in wear, and an examina
tion  o f any developing molars in the alveolar pockets. Com parison o f these with the age 
reference Tables I and II, constructed from  the 40 elephants used in the present study, will, 
it is believed, enable a worker in the field, collecting elephants in Kenya or Uganda, to 
identify the m olars o f the norm al right mandible o f any given specimen, and to describe 
the  lam inary age by the lam inary standard as given in the second column o f Table I. As 
many other specimens as possible, including those from  other areas, have been tested 
against these Tables, and no difficulty has been found in placing them, provided the 
prescribed data have been available.

The grant by which the cardiovascular research project (of which this study has formed a 
fundamental part) was financed, was given by the British Heart Foundation, and the project â  
carried out under the auspices of the Pathology Department, Nuffield Institute of Comparative 
Medicine, The Zoological Society of London. This assistance is gratefully acknowledged, as is 
also the invaluable assistance given by the Game Departments of Kenya and Uganda, in permitting 
the author personally to collect specimens representative of the complete age range from carefully 
selected, contrasted habitats.
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The African Elephant : the background to its 
present-day ecological status in the Murchison Falls 

(Uganda) and Tsavo (K enya) National Parks, and 

environs.
BY

S y l v i a  K. SIKES

I. WHY SO MANY ELEPHANTS ?

One of the most important problems of wildlife management con
fronting conservationists in Africa at the present time concerns 
the African elephant, Loxodonta africana. The problem is particularly 
acute in parts of East Africa, notably in the Murchison Falls and 
Tsavo National Parks, where over-concentration of elephants is asso
ciated with limited stock-carrying habitat capacity.

Elephant Physique, Habits and Distribution Have Altered Signifi
cantly in East Africa.

While it is most improbable that the overall elephant population 
in the whole of Africa today is anywhere near the tremendous num ber 
which must have existed in former centuries, certain physical charac
teristics, habits, and the distribution of the species have altered signi
ficantly. As will be shown, in East Africa the primary stimulus for 
this change was the construction of the main railroads from the coast 
to the hinterlands. Not only has this stimulus operated directly upon 
the elephants through the introduction of piped water supplies to 
formerly waterless areas, but also indirectly through pressures on 
natural wiedlife habitats resulting from colonial economic develop
ment programmes.

(« Royal Holloway College, University of London »).



— 256 —

Probably no other species of mammal has been ecologically affected 
in this way as dram atically as the elephant, for its demands for food, 
w ater and shade have, in tracts which include areas of low nutritional 
potential, necessitated extensive m igratory movements during tran
sitional seasons and climatic crises. In the past, in some regions, these 
almost certainly involved treks of up to several hundred miles extent.

Since the impact of these changes in physique, habits and distri
bution has only taken effect comparatively recently, the underlying 
causes have sometimes been everlooked by conservationists and 
scientists, o ther than ecologists, whose experience of the African envi
ronm ent may be lim ited to the period following World W ar II. Con
sequently somewhat misleading comments are sometimes made, 
bedevilling not only ithe prim ary ecological study of the problem, but 
also the form ulation or realistic long-term policies of elephant m ana
gement. For example, a conservationist from the United Kingdom 
visiting Africa recently, has series recommended the management 
of 'African National Parks according to a « British pro forma » 
( B o y d , 1965). He apparently overlooked 'both the complexity of the 
dynamics of the African environm ent and the fact that most types 
of European « pro form a » which have been tried in Africa, have 
all too frequently  been dem onstrated  in the past to  be ill-suited 
to that continent. Another w rote recently; « We really know 
nothing about the Tsavo elephants » ( H a r t h o o r n , 1965), a statem ent 
perhaps reiterating the need for fu rther research, bu t unfortunately 
overlooking the w ealth of relevant ecological data  which already 
exists, and in which may be traced clues to the correction of the 
present ecological imbalance in the Tsavo National Park.

In the Report of the Kenya National Parks, 1962-63, the question is 
raised as to why so many elephants occur nowadays in the Tsavo 
National Park, and whence they originally came (Anon., 1963). I am 
currently engaged on a research project on the ecology of cardio
vascular disease in East African wild animals, with particu lar refe
rence to elephants *), occurring both in the serni-restricted habitats 
mentioned above and in free-range habitats. The answers to these 
questions on the origin of the present distribution and habits of 
these elephants are therefore m ost relevant in seeking an explanation 
of -the disease patterns I have recently found in East African ele
phants. As the combined field experience of my father and myself in

*) (Financed by the British Heart Foundation).
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Che areas concerned extends back to the time of the construction 
of the Mombasa-Uganda railway, it seems useful to use this experience 
in considering some of the more obvious factors which have brought 
about today’s « elephant problem » in Tsavo and its environs, and 
to compare it with the similar problem encountered in the Murchison 
Falls Park. In addition, I have drawn not only upon my own recent 
extensive observations on living elephants and their habitat, and the
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detailed examination, post mortem,  of forty elephants representative 
of both sexes and all age groups, but also upon scientific, hunting, 
and historical literature and legend, government ivory licence books 
and reports, and also upon my own knowledge of African lore and 
language. Moreover, the freedom perm itted me in the past three years 
by the Game and National Parks Departments of Kenya and 
Uganda**), to travel widely within controlled areas and parks, ob
serving, photographing, and collecting data and specimens, has been 
fundamental to this attem pt to evaluate certain aspects of elephant 
ecology in the areas studied.

**) (The co-operation accorded me by the Directors of these Departments is 

gratefully acknowledged).
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The Environment  : Geological and Hydrographical Factors.

Basic determ inants  of the charac ter  of any particu lar  natura l envi
ronm ent are the s truc tu re  of the earth 's  crust in that area, the availa
bility of water, and the prevailing climate. For example, the plateau 
lavas of those parts  of Kenya characterised by grasslands are ideally 
suited to the existence of grazing animals. These plateau lavas mostly 
originated from  centres of extrusion situated along the ou ter  boun
dary faults of the Rift Valley, whence they spread out in flattish gra
dients over hundreds  of square miles. The plateaux occur at fairly 
high elevations of 5,000-9,000 feet above sea level, with good rainfall 
bu t a high surface discharge. Subsoil w a te r  supplies are therefore 
small, bu t considerable quantities exist below older land surfaces 
between successive lava sheets and have consequently been widely 
used in the construction of borehole supplies for ranching. The situa
tion within  the Rift Valley itself differs, however, from the grassland 
plateaux in its irregularity  through modifications due to erosion and 
volcanism. In  contrast, the m ain Eastern  drainage zone of Kenya lies 
east of the Rift Valley and  slopes gradually tow ards the coast. It 
consists largely of exposed m etam orphic  rocks of the Pre-Cambrian 
period w ith  various extrusions of Tertiary and Q uaternary  volcanic 
rocks, which have assum ed the form of characterful mounds, ridges, 
and ranges. In the Eastern  coastlands themselves, however, the 
older rocks are overlain by various sedim entary rocks as a fringe of 
variable w idth, form erly  characteristically  forested, and mostly about 
35 miles wide ( S i k e s ,  1934).

The exposed Pre-Cambrian rocks of the Eastern  drainage zone ty
pically carry sparse scrubland vegetation, but the w eathered neigh
bourhoods of volcanic extrusions are sometimes lightly forested, espe
cially in the region of springs and seepages. Almost all of the Tsavo 
National Park  lies in this area, and possesses a flora and fauna typical 
of this arid  scrubland type. For this reason we can be certain that 
the area now covered by the Tsavo National Park probably never 
consisted of extensive grassland of the type found around Nairobi 
or Arusha, and is probably incapable, even with first-class habitat 
management, of continuously carrying a similar biomass. Moreover, 
the effect of repeated firing of the area, simultaneously with its con
tinuous use by large num bers  of animals, m ust inevitably cause a 
degree of vegetation destruction exceeding its a ttainable regenerative 
powers.
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I t has been suggested that the Galla pastoralists used the area in 
the past, b u t  if this was so, ithey would only have used it  transitorily 
(as do the o ther  pastoral tribes who use arid semi-desert and m argi
nal lands, for example the Fulani of Northern Nigeria) during their 
m igrations w ith large congregations of cattle in the transitional and 
rainy seasons. That this was so, probably from very early times, is 
also evident in the development of definite m igratory routes, used 
also by slavers, hunters, and explorers, which were dependent upon 
the location of reliable w ater holes. In the years p r io r  to the advent 
to East Africa of the benefits of veterinary medicine, even the com
paratively large migratory congregations of cattle which were some
times formed certainly never attained num bers comparable with 
those which may occasionally be seen nowadays in the few cases of 
pastoral tribes which still migrate. I t  is also most unlikely that they 
would have kept cattle in these areas for prolonged periods in view 
of the prevalence in the past of tsetse fly.

The Eastern coastland fringe, composed of various types of weath
ered sedimentary rocks, previously carried a thick cover of tropical 
coastland gallery forest. Its progressive destruction has also involved 
the destruction of a rich natural fauna, of which but limited samples 
remain now. I t  also constitu ted  one of the main dry-weather forest 
refuges for mixed herds of elephant in the calving season.

The main natural surface drainage system of Eastern  Kenya con
sisted of the N orthern  Uaso N>iro, Tana and Sabaki (Galana) Rivers. 
All these originate in and receive tributaries from springs and see
pages from the  volcanic rocks. These all become severely reduced 
in flow as they pass through the Pre-Cambrian rocks of the Basement 
Complex, while additions from local springs and seepages along their 
course are negligible. During the rainy seasons, however, surface run
off through tributary  valleys, which are otherwise absolutely dry, 
is considerable and appreciably supplements the flow. In addition, 
small dry-season discharges occur where mountain masses with a 
fair rainfall have gentle enough slopes to allow soil and vegetation to 
obtain a footing. On steep slopes, and places where vegetation has 
been destroyed, the discharge is rapidly lost through evaporation, 
especially where valleys debauch on the lower plateaux. In a few 
cases, however, springs of greater magnitude occur, some discharging 
at ground surface (Tsavo River), and others passing below impervious 
lava stream s or the sediments of weathered valleys to re-appear lower 
down as seepages and springs.

i : ‘-:
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The im portance of these features within the area  now occupied by 
the Tsavo National Park  will at once be evident. In the past, p r io r  to 
the construction of the railroad, constant surface w ater supplies were 
only available to wild animals in the Tsavo and Sabaki (Galana) rivers, 
and  in the occasional springs and seepages em anating from  the 
gentler slopes and foothills of the larger volcanic masses, such as 
Mt. Kilimanjaro, the Chyulu, Ngulia and  Taita ranges, Mt. Kasigau, 
and the various ridges such as Maungu Hill, M udanda Rock, and 
similar small outcrops. In the  earlier pa r t  of each dry season, a 
certain  am ount of w ater was obtained by elephants digging in sand- 
river beds, but this would have been of limited quantity  depending 
on influences higher upstream . Examples of this are the Voi (Aruba) 
and Tiva rivers. The la tte r  also carries a certain am ount of various 
salts which are valuable to wild animals.

In  the past, any wild animals with regular requirem ents  for large 
quantities of w ater  (for example between 20 and 30 gals are needed 
per fully-grown adult male elephant per 24 hours) would rem ain 
within range of adequate water, food, and shade for their require
ments. Since during the dry seasons, water, food and shade were, 
however, all inadequate in most of the plateaux areas in the Tsavo 
environs, the elephants then w ithdrew  to the fo rested  areas of the 
slopes of Kilimanjaro, the Chyulu Range, parts  of the lower Sabaki 
(Galana) and Tana River valleys, and the Coastal forests both north  
and south of Mombasa. In the past, there was free access by the ele
phan ts  to extensive unspoiled forests in all these areas. It is only 
since the advent of the railway that hundreds of square miles of 
coastland and m ounta in  forests  have been cut away and replaced by 
the vast sisal and coconut plantations of the coastland, Voi, and the 
Kiibwezi areas, and the fenced ranches and settlem ents  north  of the 
Chyulu Range and o n  the lower slopes of Mt. Kilim anjaro. The Map 
indicates the fo rm er forest dry-season refuges used by elephant p r io r  
to the completion of the Mombasa-Uganda Railway. Confirm ation of 
the regular presence of elephants in those forests in the past has 
been obtained by  reference to missionaries formerly resident there, 
and  from  the reports  of forest officers, surveyors and hunters. I pe r
sonally recall vividly the activities of elephants in a private com pound 
a t Kilifi for example, even as late as the year 1931, when they broke 
down the branches of baobabs and o ther  trees and shrubs. It is of 
note that of those baobabs, the ones still s tanding today show few 
identifiable scars m ade by the elephants, an indication not only of
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how effective bark regeneration can be, but also of the fact that ele
phants apparently caused less extensive bark damage there than that 
seen nowadays in Tsavo National Park.

Migration in Relation to Requirements  for Food, Water,  Shade and
Herd Regrouping.

Previously, African elephants characteristically migrated over vast 
distances, thus ensuring their finding adequate shade cover, nutri
tional variety, and salt and water supplies. In addition, the opportu 
nity was provided for herd regrouping, and large congregations were 
sometimes formed, numbering up to 100 animals or more, by the tem
porary amalgamation of smaller, mixed herds o r clans- These migra
tions were apparently of two types; firstly, there were longdistance 
directional migrations, which took place in the transitional seasons 
- i-e. in the period following leaf-fall and the first sprouting of scrub 
vegetation, just prior to the onset of the rainy seasons, and again at 
the end of the rains, when mud-holes were drying up and their w ater 
becoming foul. Secondly, there were localised wet-season meander- 
ings. There is abundant evidence that the long-distance directional 
migrations in certain cases actually covered several hundred miles 
per annum. This is not surprising to anyone familiar with elephants.
I have personally observed, with binoculars from a hill top, a herd 
which covered thirty miles in one morning. A good working pack or 
ranch horse can manage fifty miles in a day without excessive exhaus
tion, so under migratory pressure it seems not unlikely that adult 
elephants could manage up to a hundred miles in one day. I also 
checked the speed of three bulls « marching » across bush, parallel 
to a road, and found that they were progressing at a steady 10 m.p.h. ?
Any hun te r  knows all too well how difficult it is to follow up a
« marching » (i.e. a non-browsing) herd. I

One of the main effects of progressive colonial economy, resulting 
from development policies consequent upon the construction of the i i |

Kenya-Uganda Railway, has been expanding land usage by rapidly in- |
creasing human populations. The effect of this, from the point of
view of elephants, has been (on the negative side) the closure of mi- ■
gration routes by the establishment of villages, towns, fenced agri
cultural projects; the replacement of large areas formerly covered 
with natural forest, by plantations (with consequent surface-water 
loss at seepages and springs); and the opening up of natural thickets 
by lumber-jacks for the tim ber trade. In some areas, total destruc-
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tion of forests for purposes of tsetse fly control has also been carried 
out. On the positive side, a few wildlife and na ture  reserves, sanc
tuaries and parks have been dem arcated in wilderness and agricu ltur
ally non-productive areas. The Tsavo and Murchison Falls National 
Parks are among these.

II. A COMPARISON OF THE PRESENT SITUATION IN THE TSAVO AND 
MURCHISON FALLS NATIONAL PARKS.

Murchison Falls National Park.

In the case of the Murchison Falls National Park, Uganda, the 
effect on the elephants of the closure of m igration routes and non
availability of forest refuges has led to an over-concentration of ele
phants  within the Park, w ith an overflow into the reserves to the 
north . At the time of dem arcation as a national park, however, the 
a rea  already consisted ecologically almost entirely of degenerate 
woodland, in which but few limited forest s tands still rem ained am id 
the undulating grass-covered plains- Surface w ater is abundant at all 
seasons in the Murchison Falls National Park, through which the 
Victoria Nile flows, and along one side, of which also runs the Albert 
Nile. Wallows, swam ps and tr ib u ta ry  s tream s o<f the Nile are also 
num erous and adequate  for the needs at all seasons even of large 
m am m al populations.

In  con trast,  however, the vegetation offers litle arboreal food for 
elephants, and recent studies have indicated that those elephants have 
adopted  a diet of 88 % grass fodder (Buss, 1961). Moreover, in their 
f ru s tra ting  search for fruit, they have destroyed most of the u n d er
grow th and  the  low er b ranches  of trees in the rem aining forest 
stands, have ring-barked some of the largest trees and pushed o thers  
over. 'Since fire is not totally prevented in this par t icu la r  park , the 
dam aged trees are  rapidly b u rn t  ou t  by bush fires, and  low-level 
grow th repeatedly seared. Roots of dead and ring-barked trees arc 
also rapidly destroyed underground  by term ites  ( B u e c h n e r  and D.aw- 

KINS 1961). The destructive cycle has steadily gathered m om entum , 
and one of the w orst resu ltan t fea tures  is the alm ost total lack of 
shade.

Indian  elephants are unable to tolerate much direct tropical sun
shine. Their ears offer a less efficient tem perature-control m echanism  
than  those of the African elephant, b u t  even the la tte r  species, al
though to leran t of considerable periods of exposure to direct tropical
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sunlight, does not thrive if continuously exposed to the unm itigated 
rays of the sun. On the o ther hand, inadequate exposure to heat may 
also he detrimental. In an abnorm al condition frequently seen in cap
tive, non-working elephants, the upper  b o rd er  of the ear bends for
w ards over the scaphoid surface, whereas in natural conditions, it 
normally bends backw ards over the dorsum  of the ear  in a medial 
position. It is interesting that the ratio of turn-over to total ear depth 
normally increases with age in African elephants. It seems likely that 
the ear turn-over assumes the abnormal, scaphoid position in condi
tions where too equable a tem perature, o r  too inactive a life, m ake 
dem ands on the ears too low for their vigorous « punkah » action to 
be necessary. The regular heating of elephant stalls in Zoos for about 
4 hours daily, to approximately 100°F. while m aintaining the normal 
chemical composition of the air, would possibly prevent the appear
ance, especially in elephants under  20 years old, of this condition. In 
wild elephants, the appearance of lop-ears is seen from time to time 
and may possibly arise from injury, bu t in some cases may be due to 
sclerosis o f the peripheral arteries. I t  does not appear to be a condi
tion necessarily associated with reversed ear turn-over as described 
above.

One effect of excessive exposure to continuous, direct tropical 
sunshine is for the skin to become over-diy^ causing irritation. This 
increases the desire to scratch against tree trunks, with resultant 
damage to the bark, and often the subsequent death of the tree itself. 
This desire to scratch is not evident to any significant degree in wild 
elephants with ready access during the heat of the day to extensive, 
humid, shady forest habitats. It is possible that the lack of a variety 
of vitamin-containing fruit in the diet also results in ill-heath and 
associated disorders of the skin. Thus the result of the combined 
extrinsic factors operating on the Murchison Falls elephant popula
tions has been to produce a heavy overconcentration of non-migratory, 
mainly grass-eating elephants, many of which show signs of m alnu
trition, a heavy parasite  burden, an alarmingly high incidence of a 
distinctive type of cardiovascular disease patte rn  ( S i k e s :  in press) 
an unusually high non-seasonal breeding rate, and a noticeable rela
tive lack of mobility.

Tsavo National Park.
The situation regarding the elephant population in and around the 

Tsavo National Park nowadays differs in its basic causes, and is not 
as far advanced, as that in the Murchison Falls National Park, bu t the
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general trend  seems to be progressing tow ards a similar end-point. 
As explained in Part I, the area covered by the Tsavo National Park 
is naturally  non-productive scrubland, w ith surface w ater  restric ted  
to isolated areas possessed of limited vegetational cover, due to its 
foundation geologically on a Pre-Cambrian Basement Complex, with a 
few scenically interesting, recent volcanic extrusions. It would be 
difficult, by any stretch of the. imagination, for an ecologist to regard 
such an environment per  se as a prom ising area for dem arcation as 
a perm anent large-mammal sanctuary. One might therefore w onder 
why the area was ever chosen.

Needless to say, it was chosen with very good reason. Firstly, it 
contained, at the time of dem arcation, an abundance of large verte
b ra tes ;  secondly, it com prised a large area (about 8,000 sq. miles) and 
thirdly, it was agriculturally  non-productive and therefore available. 
Some of the difficulties experienced in obtaining the necessary legisla
tion to have the area gazetted as a National Park, and subsequently 
to ensure its protection from  poachers and o ther would-be claim ants 
is described in the reports  of the Royal National Parks of Kenya 
(Anon. 1946-1950). W hat has not been explained, however, in those 
reports , in why those large vertebrates  became so noticeably abundant 
in this non-productive area of some 8,000 square, miles, in the years 
following the Second W orld W ar (an area where previously they had 
only pu t in sporadic appearances), and w here they came from (Anon. 
1963). If  these questions had been faced at the very' s tart,  and the 
population dynamics of those m am m als studied immediately the le
gislation was passed, the present pressing problem  of how to cope 
w ith  the  inevitable ecological imbalance, which today threatens the 
very raison d'être  of the park, w ould  have been monitored, and long
te rm  corrective action could have been initiated at least some fifteen 
o r  sixteen years ago.

W hat then was the reason for the presence of so many large verte
bra tes  in the Tsavo environs at tha t time? The situation will be most 
readily appreciated  if surface w a te r  requirem ents  of the larger land 
m am m als associated w ith arid areas are understood. Broadly speak
ing, they fall into three categories : - firstly, w ater-dependent resident 
types; secondly, arid-adapted, resident types; and thirdly, water- 
dependent, m igratory  and semi-migratory types.

The firs t category includes the h ippopotam us, which is restric ted  
constantly  to areas containing perm anent, comparatively abundant 
surface w ater. This restriction does not, however, prevent it from
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making the occasional long cross-country trek from one river to 
another, but this is a risky business and apparently  only occurs due 
to pressures from local drought o r  overpopulation. A comparatively 
small num ber of this species occur within the Tsavo National Park.

The second category, the arid-adapted, resident species, vary in the 
degree of their arid-adaptation, but characteristically all have a 
built-in physiological, water-conservation mechanism, which ensures 
minimal body w ater loss. They can use surface w ater e ither by drink
ing in the normal way, or by utilising the w ater  obtainable both from 
succulent, and from deep-rooted plants. As long as at least one of 
these sources of w ater is available, all is well; bu t if both fail simul
taneously, even arid-adapted species cannot survive. Thus, if surface 
o r sub-surface w ater supplies are exploited o r  exposed higher up, 
in or near w ater catchm ent areas, deep-rooted plants on the lower 
plateaux may fail, with resulting d isaster to the animals dependent 
upon them in the dry seasons.

Rhino are  partially arid-adapted, non- m igratory mammals. 
Their survival usually depends upon the existence of thickets which 
both contain succulents and supply shade, and within which the 
rhinos themselves can lie up, thereby reducing their  own w ater  loss 
to a minimum. In extreme conditions they also depend to a consi
derable extent upon the digging activities of certain o ther mammals, 
notably elephant, to expose sub-surface w ater in sand-river beds and 
impervious shaded wallows. Here too, interference with the source 
and transit courses of sub-surface w ater by tapping it near its source, 
o r  damming it at interm ediate levels, is liable to be disastrous to 
rhino. How strange it is that those in charge of the Tsavo National 
Park clearly recognised the effect of this type of in terference in the 
Taita Hills near the source of the Voi (Aruba) River, yet nevertheless 
proceeded to dam it again themselves lower down in the Park, first 
at K andetcha and then, in 1952-53, at Aruba (Anon. 1953).

The Tiva is ano ther river, whose character  in its lower reaches, has 
been noticeably altered since the first quarte r  of this century, due to 
up-stream demands for w ater  for settlem ent schemes. Formerly, nu
merous elephant dug successfully along its sand bed for salt and w ater 
for their own use, incidentally also exposing them for the use of 
rhino and o ther  m am m als. The combined failure of surface and sub
surface water, as well as of vegetational thicket-type cover, may cause 
excessive body dehydration in rhinos, due to their being only partially 
arid-adapted and non-migratory. The occurrence of rhinos dying in
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this condition, typified by a dark, blotched, appearance of the skin, 
has been described on various occasions, and is always associated 
with periods of excessive drought, of which the most recent occurred 
in Kenya in 1961. In  certain cases of extreme dehydration, rhino have 
been known to stagger into a flooded river or pool a f te r  a sudden 
downpour, following a period of prolonged drought, only to drown 
in the w ate r  they so desperately sought.

Many animals which are actually water-dependent, but are also 
m igratory  or partially migratory, m ake part-time use of arid areas. 
These constitu te  the th ird  category. The m ost im portan t am ong the 
species belonging to this category are elephants, and to a lesser degree 
buffalo. To some extent, p redato rs  (such as lion, cheetah, hunting 
dogs, hyena) and insectivorous animals (such as aardwolf, ratel, and 
bat-eared fox) may sometimes become partia l m igran ts  and sometimes 
come into this category.

I t  was the m em bers  of this la tte r  group, and in particu la r the  ele
phant, which soon noticed the in troduction of new w atering points 
in the Tsavo environs, in their m igration transit area, when the rail
way was built. During its actual construction, w ith  all the hum an 
activity in its neighbourhood in a period when the scent of hum ans 
still spelled only « danger » to elephants, they did not linger in the 
vicinity. Later on, however, as the constructional activity died down, 
and tra ins  passed only infrequently, the elephants became « squat
ters  » and even took up dry-season « residence » in the vicinity, 
coming in at night, to d r in k  at the spillage areas near the tanks and 
sleeves at each halt. In an area of limited natural watering points, 
w ate r  becomes an ecological fac tor assum ing precedence over even 
food supplies and salt for elephants. At such places, they come in 
silently during darkness, drink, b a th e  and leave again w ithout a sound. 
If aware of danger, near the w ater hole, they do not even defaecate 
in its vicinity and may have travelled as m uch as 20 miles away by 
dawn. I t  is not surprising therefore that, when only foot and mule 
transport  was available for cross-country travel, elephants were but 
rarely  actually seen in the Tsavo area near the railway, and in the 
h in terland  only by hunters, and the occasional surveyor, geologist, 
o r  explorer.

During this period, changes were occurring in the coastlands, and 
encroachm ent on the forests was beginning. At first, only dryAveather 
tracks were available for vehicles going northw ards  to Malindi o r  
southw ards to Tanga. From  ju s t  p r io r  to W orld W ar II and up to
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the present, however, coastal development surged ahead. Sisal and 
copra estates were extended, a* network of roads and tracks opened 
up, holiday resorts developed, and the  forests reduced. Most of the 
elephants abandoned their form er dry-season refuges and became 
irrevocably tied to the artificial supplies associated with the railway 
fAnon., 1958), the boreholes drilled for villages, and the perm anent 
naturally flowing rivers: Tsavo, Galana and Tana. The introduction of 
w ater holes by Kenya National Parks authorities in the area by now 
dem arcated as the Royal Tsavo National Park anchored them even 
more firmly in the areas of m inim um  vegetational productivity, such 
as Kandetcha, Aruba and Kilaguni (Anon. : 1956, 1957, 1958). Today 
the extreme vegetational destruction resulting from the installation 
and retention of these w ater  holes is tragic.

It w as absolutely inevitable that the migratory, water-dependent 
animals, of which the greatest biomass consisted of elephants, should 
now proceed to over-browse the local vegetation, which, due to the 
underlying nature  of the soil and water, was inadequate in quantity  
or  variety to their  needs. In the process, they also uprooted succu
lents and pushed over the deep-rooted species of plants so, essential 
for the continued existence of the arid-adapted non-migratory species.

Reading the Reports of the Royal National Parks of Kenya, it again 
and again strikes the reader that, if only the personnel in charge of 
the parks had had among them people qualified in the appropriate  
biological fields, they could have prevented the extreme ecological 
imbalance evident today in the Tsavo National Park. In one report 
it is s ta ted  inter alia: « It is conceivable that by maintaining w ater 
in the pool (Mudanda) for longer than normal periods (by a small 
pipe from the main M zima/Mombasa w ater supply) it will result in 
concentrating large num bers of elephants in the vicinity of the rock, 
but it may easily lead to a situation where there is no feed in easy 
reach of the w ater » (p. 30, 1953). In the same report, the w rite r  came 
very near to anticipating the present disastrous results of introducing 
artificial w ater  supplies, when writing of the Aruba Dam: « The 
Aruba Dam... was completed in 1953, and... formed a wonderful sheet 
of water, and soon attracted  large num bers of animals coming to 
drink and bathe. Here again I had some misgivings on the wisdom 
or justification of creating artificial watering places... ». Mistaken as 
to basic principles determining habitat character, however, he con
tinued «... the eas tem  section of the Tsavo Park... is a large portion of 
Africa almost waterless and incapable of holding any reasonable quan
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tity of game, unless w a ter  can be prov ided  » (Anon. 1953). It is clear 
from  the w ri te r ’s own uncertain ty  that the advice given to him by 
those working in the Tsavo area itself was ill-informed and unsound, 
since the rôle of surface and sub-surface w ater  in country w ith this 
type of geological history, is to affect closely not only the movements 
of wiMlife, but, equally im portant, to determ ine and limit the vege
tational cover, and the productivity potential of the area as a whole. 
Moreover, the long-term hydrological cycles (m a jo r  and minor) which 
have been observed to occur in East Africa since the turn  of the cen
tury, have also apparently  affected the migrations and distribution 
of the larger animals. In referring to the Reports  quoted above, it 
is impossible to overlook the persistent, albeit long unsuccessful, 
püeas over a period  of some 16 years for funds for ecological 
research to be  carried  out within the Parks (Anon., 1955; 1961). 
I t  is a m a t te r  of greait satisfaction that funds for this purpose were 
recently made available by the Ford Foundation ( H a y e s ,  1965).

The Effects  of Fire

Since many of the animals which occur in a given tropical ecosystem 
are heavily dependent upon the existence of shade, it must also be 
appreciated  that destruction of vegetation of low regenerative pow er 
by fire gravely affects not only the higher-level canopies, but also the 
shade in both  the in term ediate  habita ts  and the micro-habitats at soil 
level. The hum idity m aintained by the shrub  and grass cover at soil- 
surface level is of trem endous im portance to the dry-season survival 
of smaller resident m am m als in preventing their dehydration, while 
in the wet seasons, of course, it retains soil in the event of flooding.

Every time vegetation of low regenerative potential is burned- 
w hether early or late — it radically affects the soil surface ecology. 
In  areas of high regenerative potential, argum ents  have sometimes 
been successfully advanced in favour of burning bush, but even there 
the idea is notoriously unpopular among farm ers who look for high 
stock yields on African ranches of limited size, and in fruit p lan ta
tions, where arboreal productivity is carefully evaluated. It is impos
sible to overlook the fact that bush-burning is the technique favoured 
prim arily  b y  those who own exceedingly large areas of land carrying 
little stock or who m ake no serious a ttem pt at obtaining long-term high 
productivity  yields from stock. Some argue that insect vectors and 
parasites occur in g reater  num bers in unburned  areas. This certainly
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appears frequently to be true in cattle-grazing areas, but it is noti
ceable that where cattle are exoluded or their parasites controlled, 
wild animals appear to achieve a tolerable vector and parasite  balance 
with themselves and their habitat-

It has been recom m ended that exclosures in the Tsavo National 
Park  could be made in which controlled experiments should be carried  
out on the independent and combined effects of fire and elephants 
( H a r t i i o o r n ,  1966). Such experim ents might prove valuable and inter
esting, but it is questionable if they are really necessary. Exclosures 
made for a variety of reasons already exist, in which the required 
controls have been applied over considerable periods — homesteads, 
air-strips, railway stations, mission stations, and wilderness pockets 
within fenced farmlands. What the natural vegetation can achieve if 
unspoiled by fire an d /o r  elephants can be observed at any time by 
anyone who wishes to do so within the Eastern Pre-Cambrian dra i
nage area under consideration, and only one conclusion can be drawn : 
fire is the most devastating single influence in that area, and is the 
first and most fundamental factor requiring urgent correction within 
the whole Tsavo National Park. Only if fire is totally prevented, can 
a proportion of the elephants now circumstantially « resident » in 
the area obtain, on the spot, shade, surface water, and fodder ap
propriate  to their need.

In certain other, similar parts  of Africa, where fire is effectively 
excluded and elephants occur, the elephants themselves carry  out any 
« ploughing », « harrowing » and « rolling » activities necessary to 
aerate the undergrowth, yet without destroying it. References to this 
activity and  its value to natural habitats  have been made in the past 
( D a r l i n g  1960; S i k e s  1964).

Su m m ary

The Tsavo Park must be regarded ecologically as presenting a basi
cally different problem from, for example, the Murchison Falls Park, 
and the explanation of the apparent mystery as to why so many ele
phants occur in Tsavo today, where they came from, which seems 
to have so disastrously puzzled those in charge for so long, is really 
a comparatively simple one, if examined on the basis of the peculiar 
geological and hydrographical nature  of the area.

Comparing the situation in Murchison and Tsavo, it is clear that in 
Murchison the elephant populations have increased in an area of 
abundant natural surface water, and considerable vegetational poten
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tial, and have rem ained partially confined there due to hum an en
croachm ent on their m igration routes and alternative refuges. Within 
the area, the combined effects of elephants and fire on the habitat 
are progressively to reduce the vegetation cover, with direct results  
upon the physical character, behaviour and health  pa tte rns  of the 
elephants themselves. ( S i k e s ,  in press). The s ituation can be partially 
controlled by  the total elimination of fire and by the reduction of the 
elephant population by cropping and culling, according to a policy 
of positive selective husbandry. An approach to this m ethod of control 
has been discussed elsewhere ( S i k e s ,  1966).

In  the Tsavo National Park, on the o ther  hand, the elephant popula
tions have increased in an area of limited and isolated, surface-water 
discharges, and  very low vegetational potential due to the underlying 
geological and hydro-graphical nature  of the area. They have rem ained  
within a partia lly  confined area, as in Murchison, due to hum an 
encroachm ent on their m igration routes and alternative refuges. As 
in Murchison, the com bined effects of elephant and fire, on the habita t 
have progressively reduced the already lim ited vegetational cover with 
direct results on the elephants themselves, producing new behaviour 
and  health  patterns, related characteristically  to this habita t and dif
fering slightly from  those in Murchison. This situation was initially 
stim ulated  by the construction of the Mombasa-Uganda Railway at 
the tu rn  of the century, w ith  the in troduction  of its associated a r t i 
ficial surface-water supplies, and subsequently severely aggravated 
by the in troduction  of perm anent artificial w ater  holes by the Parks 
authorities themselves.

Here again, the situation is not irremediable, but for its successful 
control requires  a combination of m ethods: a ttem pted  total control 
of fire ; total closure or draining of uncovered, artificial w ater  sup
plies within the Park in all norm al dry-season periods (and possibly 
also closure to the public of the areas concerned for certain  periods 
of the year), w ith the intention of driving the elephants from the Park 
at those seasons (Anon. 1952, 1955), while selective reduction of the 
elephant populations (by co-ordinated professional cropping and cul
ling, and  supervised am ateu r  hun ting  on licences available at reduced 
prices), is operated  outside the Park  boundaries-

In the context of the changing habits, breeding cycles, and respon
ses to the intrinsic urge to m igrate by m a jo r  seasonal, directional 
movements, o r  by m inor meanderings, clearly the m ethod of assessing 
the actual elephant populations is of great im portance. Occasional
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irregular counts, disregarding the sex and age composition of herds, 
can have little real meaning in planned elephant husbandry. Only 
regular, frequent analytical counts can be expected to provide a 
reliable basis for effective elephant m anagem ent in a given area.

The com bined methods suggested above may seem drastic. Unfor
tunately, in both the Murchison Falls National Park and the Tsavo 
National Park the elephant problem has become critical, and  failure 
to ad just it effectively and realistically could all to easily cause such 
perm anent alteration in the habitat as to render large areas useless 
for the larger vertebrates. The situation dem ands drastic, but care
fully planned, action, and if this is applied to the elephant populations 
according to principles of positive pasture, forest and wildlife hus
bandry, then both  the environment and its whole fauna could be 
redeemed as a vital asset of very great value.
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