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Tnc I~ver  roppcr levcl; of n rlunlber 
of game animals in  Iienya were deter- 
mined. I t  was found t h a t  the results fell 
~~,ztt~r;tlly into t\vo fnirly distinct 
groups; for those with simple ant1 
those with complex stotnachs respec- 
tively. Thc latter, generally speaking, 
had n higher ntrnn c>ontent and ;L much 
grcatcr rarigc, \\.it11 more il~dividual 
variation. At1 exception t o  this ~oas t h e  
hippopotamus which appeared to have 
a much higiier cor~tcrlt or livcr copper 
than otyicrs In t h r  simplc ston~nch 
group. 

Uuri~lg the past fe\v years, copper 
analysis has been cclrried out on some 
thousands of bovine and ovine livers 
by the Mineral Deficiency Disease Sec- 
tion of this laboratory, ri~ostly with a 
vie\\, to  giving advice on copper siipple- 
mentation wherc deficiency was indi- 
catcd, and also t o  corlfirrn on odd 
occasions a clinical diagnosis of coplier 
poisonitig. 

In t!lc course oC this work sonlc g a n e  
liver sntnl)lcs \\!ere obtained for corn- 
parison \\.ith levels found in domcsti- 
cated animals, and with those described 
in ~Vcrtebrates by L!iderwood (1956) 
and 13eck (19.56). 

hlost of the liver samples were sent 
in by membcrs of the  lienya G a l e  De- 
partrnent during the  course of game 
cropping, and some \yere also obtained 
from post mortenl examit~ations carried 
out by officers of t h e  Veterinary Dc- 
partrnent. 

One ounce universal containers were 
chemically cleaned in the  laboratory 
and half-filled with l O 7 ~  formol-saline 
before de.ipatch to oficers in the field 
for collcction of samples. 'l'hc reason 

for incl~lsion of the 1is:ktivc \\'as to Ire- 
\'cut ~,utref;~ction during transit. Pre- 
servation of samples for four days in 
10$;. forrnol-saline in the  laboratory 
was found to have no significant effect 
on the c80ppel. lcvcls cornl~:~rcd with 
those of frcsh samplcs fro111 the same 
livers. 

Col)l)er deterrninatio~ls wcrc by the 
technique of Eden and Green (1940) ;is 
modified by Clare. Cunningham and 
Perrin (1945). 

As no more than 15 grams of livcr 
\Yere obtained from a.ny one r~ttimal the 
effect of urievrtl distributio!i of colq~er 
in the liver- could not br taken into 
account. Beck ( 1956) found variatiotl 
of up to 20% in duplicate samples taken 
from the s ~ u n e  livers of wrious animals 
although the differellcc was usually 
less. In our o~vn  experrence, hoc.ever. 
the variation rarely esceeded 10q 
between duplicate sarnples taken from 
fairly large ~iortions of liver. 

The restllts for the liver copper con- 
tent ol  the genera cxi~minrcl arc given 
in Tnblc I for silnl~le stornach.: and 
Tablc 2 for comldex ston~achs. 

Except where there were less than 
four results, the mean, standard error 
and number of samples cxaminect are 
given in each case. The notnenclature is 
after Slcwar-t and Stewart (19631. 

ATo attempt ha.: been made in Tables 
1 and 2 :o differentiate between males 
and females of any one species a s  there 
{rere no obvious differences in the 
copper contents of the samples received. 
Seven male kongoni, for instance, had 
a nlean liver copper level of GOppm 
(range 15-155) while six females had 
a mean of 69 p p n ~  (range 22-133). Beck 
(1956) found no evidence of sex diffcr- 
ences in the species 11e ~ x ~ u n i n e d  with 
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t.:ie escel~t io~l  of the Austr:~lian salnlon 
(rlrripis t r~c t ta  Bloch and Sch~leider) 

Unden\.ood (1956) refers to  the in- 
flrience of age on liver copper, and a s  
the author's own experience, particu- 
larlv with bovine livers, also indicates 
m u f : ~  higher levels in the very young. 
liver sanil)les were obt;~ined from adult 
game only. 

Beck ( 105(;) suggested that \ v i l l ~  thc 
exception of the sheep and cow, dietafy 
copper \v:~s not an important factor In 
determining liver copper levels. H c  
cited as a n  cx:tmplc sheep :111d ];all- 
xaroos grazing on the same herbage 
with a high copper content (10-20 ppnl 
D l n  in the \\'iluna area of \\'ester11 
Australia. Sheep gr l t z i~~g  in these a x a s  
had a high liver col)l)er value of u p  tn 
2,700 ppni. yet kangaroos grazing on 
the same xreas :lad \*alues of o~l ly  13.17 
])pm. He con~rnented further. ho\vever. 
that  dic!s :1111:orrnnlly high or  low in 
copper n'or~ld c~tusc cor~.csl)ondi~lg 
changes in the concentration of copper 
in the  liver of most. if no? all, species; 
nevertheless, there was evidence that  
for  some species the copper intake 
might \ m y  within fairly wide limits 
Ivithout a corresponding change in 
liver levels. The last is apparently true 
of most of the genera exanlined in the 
simple s to~nach . groul~ as  s l~own i n  
'I'nble 1 .  I'or Inslnnce, of the l8 
sa~nplcs  of elel111:1rlt liver analysed 
from various parts of Kenya, the rangc 
w:ls only 10-30 ppm with a mean o l  
17 ppnl (SIC* 1.4). 

The comparatively high mean and 
wide range found for most of the ani- 
mals in the group with complex 
stomachs (s'ee Table 21 suggests t!lat, 
in conimon with t l ~ e  slieel) nntl CO\V, 
thr i r  liver- copper content may vary 
Jvithin limits, and possibly according t o  
tlietsry intake. This hypothesis is borno 
o ~ ~ t  to  a certain extent by the samples 
vbtaincd from Grant's gazelles: the  
four samples obtained from normal 
grazing areas contained bet\rVeen 22-125 
ppm Cu (DhI) with a mean of G 1  ppnl 
(SE* 22) \\hereas three saml~les taken 
from the L'ake Hariningtor~ area of 
Kenya where Swayback has recently 
been confirmed in lambs and kids by 
I-Iedger. I-Ioward & B ~ ~ r d i n  (1964) had 
:i mcan of only 13 ppm (range 12-16 

ppm) This difference 1s highly s ~ g ~ l i -  
ficaiit (P-:0.0011. No levels of more 
than 20 ppnl Cu have been found in 
livers of goats, s'leep or cattle in this 
area so lar.  

I t  r:light have been expected that 
grazing and b;o\vsing animals in the 
s~niple stomach group such as  the ele- 
phant, rhinoceros, hippolloi:itnus and 
zebra \iould have high me:ins and \+ride 
ranges of 11ver copper content coln- 
parable to the ruminants. IVith the 
cxcept~on of thc hippol~olnmus : I I I ~  
~,ossibly the zebra, ho\vevc,r, this ~'aa 
not so. No explan:~tion c:cn be given 
for the high mean and \v~de range of 
the hil~l~opotanius \vhich \\'as much 
greater than ior any o t t c ~ r  animals 
tcstetl 
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The ])l:ints bron'setl by t.lel)ha~its i l l  

the Tsavu Royal Sational Park(Eas1) 
were described by Napier Bas  and 
Sheldrick(lS63), after some 1.1 mont:~s 
of c a r e f ~ ~ l  observation. I n  order to  sup- 
p le rne~~t  this kno~rfledge. it was con- 
sidered \vor:n-\~~hiIe to obscrve in detail 
the bro\vse acquircci by one clcphant in 
one day, during the hours of daylight. 
Acccrdingly, a t  C(i.55 on lij ]\lay, 1653 ;L 
10-year old elephant 'Sarnson', of some 
4.000 Ibs bodjlveight, was released 
i rom his stockade in the T s a ~ o  (Eas t )  
Park. Un:il he returned at 15.30 liis 
1,ehavitrur \vos closely \\;ate:~c~l and the 
time hc devoted to feeding and to other 
activities was recorded. Samples of the 
plants tha t  Scunso:i w s?en to bro\vse 
were obtained for i5entificatio11 and for 
chemical a ~ ~ a l y s i s .  

S a m ~ o n  :elected his diet from 25 
bota!:iczl Faniilie?; he browsed C 4  
species and 59 of thes- were analysed. 
Some 7.1 per cent. of his entirc brotvsi~lg 
came frrj~n cight Vanlilies and these are  
given diagrunmatically in Fig. 1. 

0: the  11 h. 35 min. which Sa~nson 
spent outside his htockade, 7 h.  13 min. 
were devotrcl to browsing, and periods 
of intensive bro\vsine occurred between 
07.00 and 09.40; 11.30 and 12.50; 12.56 
and 13.50; 14.50 and 16.20 and 16.40 
and 1746  respect~vely. The t ~ m e  he 
:~llo\v.cd for feeding from eilch pln~lt 
varied cons,der:ihly. Thus. during tlie 
first 11 mln. after ieaving h ~ s  stockade 
I?e fed iron1 ten different speclcs a t  ap- 
~,roximatcly l-min. i~itervale. On other 
occasions throughout the day he 
favoured a sinole species for a relatively 
long period. He $pent as long as a ten 
niin. p c r ~ o d  brov sing Pan ic7ou maxi- 
rn iinb and C!lper?ts ccrtir-rtlai rcs respec- 
tively; 11 min browsing Paroxin 
elega~ts; 19 min. browsinq Fictis s?/co- 
~ n o r ~ t s  and 22 min. browsing a G~cphur- 
bin sp. 1Ic r c c ~ ~ r r e d  to PILI)(I/I(( It~ppncrtr 
on 32 tlil'lcrolt occ:~sions and the time 

lie allu\\lcd hirnsclf to  l~ro\vse this plant 
varied from 1-6 min. though in the 
aggregate, 45 min. of his bro\vsing time 
\teere devoted to it. 

Sanison spent 4 h. 22 min. 011 ])ur- 
poses other than browsing. eg., on 
\\fatering: tra\.elling withor~t eating; 
bathing; \vallo\ving in mud; investigat- 
ing the scent of other elephant and 
follo\ving their spoor; re:iting; eating 
a quantity of fresh faeces voided by 
other clephant and on defecating. He 
ivatered on sis occnsions; took a mud 
bat!i oncc; bathed twice and dcfec:~ted 
on I4 occasions. The tir~les of defeca- 
tion and t:le amount of fresh faeces 
voided are given diagrammatically in 
Fig. 2, from which it  is seen that  the 
defecations become more frequent after 
midday. 

Details of the  Families and species 
bro\rsed by Samson: the chemical corn- 
position of the plant parts eaten by him 
and the numbcr of occasions that  he 
rccllrrcd to tlie same species, are given 
in Table 1. The percentage distribution 
of the chemical components of the 
browse ir given in Fig. 3. 

Some 70 per cent. of the browse con- 
tained bet~veen 9 and 15 per cent. of 
cnlde protein in its drg matter; values 
ranged bettveen 5 and 23 per cent. \\*it!i 
a menn vnlue of 12.56. Crude fibre 
!.anget1 bet\vcen 23 and 50 per cent. \vitll 
a mcan value of 32.26. Almost 70 per 
cent. 01' the calcir~m contained in the 
brov:se ranged between 1 and 3 per 
e?nt. of the d r y  matter, with a I I I ~ : L I I  

value of 1.5, and over S0 per cent. of the 
phosphorus ranged betnveen .05 and .25 
per cent. with a mean value of .19. Over 
76 per cent. of the bro\vse l~lants  con- 
tained less than .Cl6 per cent, of sodium. 
The mean sodium value for all records 
is .095 srid i t  is .C69 i f  Pl~cchea dio- 
scoridis (1.668 per cent.) is omitted. The 
mean potassium content of the bro\rqsc 
is 2.09 per cent. of the dry matter. 




