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on not 

cel~Olpltllec:ol(ISiseven 

was to doc:uItlent inter-h::Lbiult, illltra··haloita;t, 

.,. ... 'A"" .. "'. savanna bal)o()DS 

context 

consume, reSI)OnSe to tluc:tuatiOllS hal:>itat corldition,S . ..:1'1.\",,",1.\1"';111,;) were 

an important c()mponent ot' bal:Jioon 

even areas 

imrlOrllantlv. baLboolns al>pelilf to cOO!iistently 

at one savanna haloitlit GnlSSC:S were 

resource was aV~lilable 

pnma;tes utIlllze:d savanna resources to a gn.;:atc:r extent 

extirlct TJr,er()pW~eCllS o,srwalat was largc:ly gI'ami.nivIJr01.JLS. 

(Dirno.~~~ec'u~ 'n~~n~ was more variaLble 

Ge,·coJ..IUh4:'>COI!aes wtlltamst St)eCimeJ1S (assUlned to a collDbiJle m.onk:ey) 

sa'\i'anna·,ba:sed resources. 

wU'liaimsi can on dit'tercmC4:lS 

not correS1Pollld 

savaDIla-(!wc::lIiI12 plim::l.tes. batloolllS are an ap{:lroI,Iia1te u.v ........ to 

lar:ge-boc:tIeld. tc:m:strial. savann, 
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I am gra,tefiul to assisted me thr~DuJ;l:hol11t 

prolect on acadenmc, tlnancUll, 

prollect, especufllly at 

acc:cp'ted. me as 

I 

op~,ortuni1ty to 

otlc:red inv,fllu2lble adviice on isobDpic rescmch. I 

I 

I to conlplete Lalmam SilOVl{ed me 

melrely convert sanlplc:s 

desiired results at success mass sDc:ctrorneltrv hn',rEf"iv on 

Ne'wtc,n 8l;sisted me 

+""",ht me true me:aniing anallvtic:al PI"Ccislion. I 

renlimied me to to 

was insltrwneJltal Df()vildin.1il me opportunity to 

Mas.ters aeg;ree at 

on 

me on 

two 

movements 

collleag;ues are thankc:d allCDWilnlil me to 

Salthlel "He:estc::" A ..... ,5UUlU assistc:d me 

one to want to return to 
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were a source entcertainrrlent to I durmgour 

a tmmdlshllP was AVAj5'"'U I am omflleged to a 

I 

to went as sm100thly as pOlssil)ie, ",U;",ri."n 

I Leit'nitz graIlted penmislsion to out 

resc~af(:h on DrGlvicied me 

COI1!lpOneIllt, as as tacllita1tmg tleldw()rk. I am especl:aUy thaJnkfill 

me on OCC::asIOllS 

I to 

",h"""". atte:mplts at kee:piIllg 

sallrlpling were not t",t,.Il., 

I am to 

JiI111:st;U van 

orc,vi(ied me 

was willlinlO fCl(mdlshllP we now a source 

"G:azaJne" walked me thn:>uJl~h 

intlioduce:d me to 

prompted me to pursue 

on natlJral hidnl"V specirnlens 

were 

permilssicm to remove sanrlplc~s 

areas. 

v 
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proJect was suP'Pl1c:d a 2enerollS 

""''-'!i.fIoU, SUfll'PQl:ted me mmnenliiely 

I am esp(:cially gl'atetul as 

son me 

I am gratlefuL 

moltivaltion to CODlplete 

l"Arrvir,o out resl:ar(:h own 
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mODlthly raiDlfall recorded at 
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Waterberg b~lbo(m displa:ying an unusual 
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intiivirtnl'll batloOlrlS as ret1ect(~d 

carb'on lS()tope anallysls of diJIeR:nt baboon tlssules ....................... .. 
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sanlplc~s were 
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trees 
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prinl18te taxa 

Swartk.rans M,embc,rs 1 

Prc~vi()usllv plJblilshe:d mean 

taxa Swalrtkrans Membc~rs 1 
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1 

....... uv ...... '" are ",..."nn,nr 

is even more 

taxa are a more 

lel!itO~::el1le can 

as 

resources gallnelQ. 

• ... "'., ....... IS 

most IUl1laaInerltal meichaniSlm 

most extreme eXIlLllltlles 

reS~)on(bng to et 1; Hl:II1'1nn 

1 
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et resource is to most ............... ,I't:" ... t" 

atte:mp,te<1 to COIlrlDa:re balbocm 

1 

naool:ms are ""'.., ..... 'IUU.:1 C~[)nSl<1ere<1 

taxa 

et 

amlongst moaetn savanna pnma'tes. 

most 

mOIl1k:e~yS are SODleVlrh 

bec:au~>e so 

Da[)OO,ns. it renlalIlS to Co-

et .. "''''nrt..... some evi.<1eJ1Ce 

2 
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rotltnsont eXIUolted dltl'erelnt resources 

on amuo~~les 

extant hOl1tllnClids. Howe1ver. chimpliiIlZ1ees, 

prilltlate spe<~ies, are ton~st-jjwe:llel·s. 

are turnUllg 

~clloemnger el 

diUc~rent ecol,oglC:al re:qullrements to 

torests, uIUll:z;ed savarma resources 

to oatJ1001118, 

IS 8Ul,pclrte:d 

utilIzc~d resources even 

haVlnll a signiticaJnt savaJnna COInp(>nent 

et 

.. u' ........... e; can extl~ndc~ to baboon species 

hOlninid blehaviolural ada,ptaltion is 

on assessments were aVlliiable to 

It can thelrefore resource utlIlZJltl<]ln 

contemlpOimy pril1tlate tilxa resources to hOltnllllids 

sante envirollme:nts. SaV'anIla plr1m;ltes can 

hOmllnid evoluticlnal)' radialtion patt1ems are beli«~ved to 

is pOItra~yed 

to repetitive 

are replreslentc~ 

grolups. It appears 

prolPosc~ a COlTlpar:aole 

tilxa 

3 
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cercotnthecollds can same ecological sulJ'-groutun~ts. 

lill1llted to are 

horninilds) to Ch8Jlges 

amlong;st extant pmnatE:s, 

most sui'labile aJllallogIle on to 

hp~lUj Ilv on a grIllminOlld 

was not 

et gel,ada batloollS are hinhh.l speicializc;:d te~edc;:rs. 

aOOlearto 

ball,oollS e"hiil.it a more marked gel1lera:list behlaviour extant 

eco,log;y was prclbalbly more similar to 

taxa as mOClelS 

an expres~iion 

exisited. Th~:reflore, it is imJ)or1:ant 

OYl"lIOI"YQ con'lPQ·rts£m to 

makes use on,ipe:d.al belliaviour to hyp,othe:size mechanlisms und,erl}ring 

fur1her extEmaE~a to meJ~ahc;:rbivorc;:s as ..n.Ll,l .... Q~U elleptlan1:s, 

to 

res:pol1ded to a ch,mging savanna haolitat a ... u .... "'. is meirely an 

4 
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an 

fimclamc::ntal ecologic:al pIlnclples as 

ditlilCUlt to distingtlish difltrreIICeS 

method is on measurements 

con1V'ertc=d to staIldalrd 

R= are 

savanna 

use 

are 

to 

are 

as water 

it is to 

as trUIZIVOrv 

an aite:mative 

are me;asured against 

or 

are on 

is 

et 

to 

are a nUlrnhc:lr 

an to 

It is 

are 

are 

.VVJQ J. t1U'!t'lU"V qua.lity (:Schoc::nmlger et 

s 
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-

Spcmhc~iffiier et et 

adJ:unct to measurements is concurrent measurement otperce:nbige 

is a measure a 

or durmg 

et 

imlPortantly, ho'we1~er_ is same hallnult, 

are reI~lted to ditlerellces water sources. anilmal tissues are explectc~Cl 

to retl€~ct dlJler'ences water aCCIUls;lticm (\",he'fuer drilliculg or 

water pn:domiltlaJ1ltly sweat 

et 

ext2lnt un~~ula.te 

as 

Sctloelnin,ger et 

Sclloeinin:ger et 

an to dOC1ume:nt e<;O!C,glcal vlU"iability 

water 

et 

et 

as COl1ltrO.IS, 

ScJloenmger et 

Thlllcke:ray et 

to a more ngor()Us 

IS(JltO]JlC measurements 

prilltlate tixa. 

6 
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envirollDlental vafllablles at (!liohtlv 

on ot'(\w1th turnover rates 

:spcmbc~lm,er et 

an~llv!;ed to access nlP,tl:'l'l'V irlfolrtn,iticln 

to <lepoSltlon, as 

mmmnal Sllecies. nreJlvidlinll an apt:1ro):Iriate ec:olclglcal context. 

were so as to omaIn tenlpc'ral 

var:iability ""n"ln an mClllvlClual. 

Memhiers I 2 were an'llv~;ed. 

mO(lem bab,oon enlllme:l. It must 

on <lurIng an indJividlual's 

a vast nUlnbc~r ma:tertals, nrnVu11n1l an 

tOllClWlllll ctlapt€~r, a,'ail~lble liteJ'atwre relevant to 

bal.110011s is review'ed. Ch:aptc~r 2 contains a rev:iew nf t1lrevlinn~ stuclies 

on isotope:s. Cltlapter 3 eialtlollltes on 

use perc:entage nitl'Oge~n as an indilcatclr 

pres:ents a 

are des(:ribe~d, ana:lv~I~~ are presenlted althlou~~ raw are 

APt:,en<llces I throu2h results are disc:ussc~d 

bab,oon die1;ary varliability "",r." ... savanna CODrlmlmities, Ple.lstolcelle c(~rc(lpitbecOid rI''''l'''' .... , 

7 
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2 

current ge<)gnlphllcal dlSltnbutl()O 

pertainling to content essc~ntially Cle~lcnlbes batloolllS as 

extreme t'tlf'huv g,ene:ralists 

is revieVlred. mcl111des an mtI'oCltlCtICJn to melnbe:rs 

Pap,ionini is COIltlprilsed 

ge11lera lMaCatCa} are m(lJlge11lous 

to sub-·Saharan • " .............. R.ecellt1y. moJecul.aI pJtlylc)geIletlc stuClJles a reV'lSl()O 

two mWl1galbey 

LO,phiOCE!lJUS, are not gr01UPS, as mOJrph(Jlo~:lcal 

are ascnb(~d 

on postcranial mo):phc)loglcal Character 

is UnCJlear; con:fusicJn SllllTOlmds 

are 

a 

is re<:og;m2reCl as a 

occur a 

8 
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are probably 

Hama,dl1'as balt>o()ns occur montane areas a pop,ula1tion 

baltJo(ms are common 

a 

balt>o(ms are more ",1",,,, ... lv rc:la1ted to is to 

chru:ma baboollls. Accordil12 to uTH'hin a 

as distinct spelC:ies is 

on mOI'PhcIloglcal variatiolns 

a et 

are to 

are to 

two et 

to 

to 

are asa to 

or as a et 

9 
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allopabic taxa I, 

"fhre-slpeClles" nornenclature is 

baboon mOlpholtyples are referred to common names, seems reasorlabJle 

a more def'init:ive nornencla1ture term "bllboom;" 

term 

to ch;:lCIIlta wlbolons ~_ •.. ___ nth"' ..... rl.,'" mdllcated), as IS 

bab()ons are ecological generalists, 

partlclilar hatntat-sl)ec:ltlc modliicaltiOllS are not extreme to 

bablOOJlS is 

more COllSls:rellltly 

occur. 

babloollS d:isplayc:d a more gerleralize:d 
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Ethiopia was 

Laiklpla. ro.. ... llYa. bab()ons repclrted.ly mCOll)Ora:te as 

Iblivorous colc)bille rn,onk:eys (H8.lrton et cases. balt>o(ms he~lviliv on 

arutlY4~ed stoltna(:h contents cl1~Lcrrla b~lbQions near 

rhi,WIIles) are 

conditi4:ms, as water content 

were 

as 

mClu(le v,RMJlno amounts 

as 

aminal matter 

nutJllents are most iml)orltant 

canied out on bal:loollS an atte:mpt to explain 

secclndary c()mpIQunljs are generally select4:d a~~allllst. H~lboons 

h".h ..... pf()tein content 

col,obilnes (Barton et Harton et 

to 

(hplrl'lMJ qua:lity as gOrllllas 

11 
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du('ati<m on veillow bat.oOlrlS 

was 

appear~:d to were uUIIIZc::d 

(I\.Inrf'nn et 

mdica1tmg a 

gerleraJist pril1nate taxa shoulO aOa1)teO to teeclmg 

on 

more 

sec10ndlary conrlpounCls, cc,mpiflfed to spelCles 

are not 

folivorous spe1cies are (Ganzhom, 

to a 

nutriellt content. some gel11era.llst spe:Cles, seclondlary cOl1npoluncls are 

as 

Harton et blOlillasS) is 

COIlsidlere:d a more Imr\(\l1~nt detemnmant is sel(:cti,,,ity (H~U1oin 

some stuclies not 

constraints on I.>al.>oon tee,om:g. 

I\.In,rfn,n et 

conslde:red a extreme seasol1lali1ty 

more appilLI'ent if conciitions an 

absem:e or a decrea!;e 

regilOnS experience a 

resources utillize:d 

two l.>al.>loon UU\JJ.I~, sepiaraited an alti:tudllnal 

as as was cOlnplnsc;:d resource 
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tree was utllllZe:Q 

more summer months. et 

are dictated 

as dist:::us:sed aU~j"f ""- batlOolls 

rep,ortc::d to 

so he~lvlllv on 

it was at one two sepalfate Spet:::les tree occum~d 

two 

tree was cOlrrellated 

some areas was 

to 

tum4ed to 

as ... u .... , .... as a source 

obtaining water 

as N81rnib batloolls are to conserve water 

to 11 con:secllLtive 

most 

abllDCl811Ce. even 

batloollS is 

OPI)ortunistic hel1iaviour lJmlnlVorv mel:ely HU()WS batlloollS to 

on at area. 
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to 

one bal)()(Jln were almiost ex(:lw:led 

a a 

aurlOS! never came contact 

is a phcmolillellon 

ertebrates are sonletililles mc()rpclratc~ 

is most common 

de'\l'eloped a 

is 

baCloollS are 

renlalIls an case. 

is 

batJloollS are resource aV~lila,bility 

contact 

TnlIls1V'aal} were to 

ranges cover rebltivelv 

a 

baboon ran~~ing patt1erns is pre~ientted 

it is not t11fl·t!UV quality cOllStr'aints on 

resources are aV~li1able to optilnize nutritionlal UIJtake. as precilctted 

two dec:adc~s to 

is known 

are to 
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to inte:rpret extant priDtlate eCOilOjlr;y 

to dOClll1l1entteedirlg 

context otlnarnmal C~Jnunwlitic~s 

same hatlitalts. 

SctloelRin:ger et 

MBillag,ilSclllf, to elu(:idate 

for'llgiIlg at ditl:erent 

more insc~cti'vorlous spe~cies 

to tlunnan !'IIr.ti'vitv 

Sch.oen,ing'ef et 

were signifilcarltly 

...... "' •.• I'!'" were sholwn to prilrnrurily on (Schoe:ninger el 

utiliultio,n o'f Slllvanml-b:ased resources. Scillocmilrlgc:r et 

matter were 

(Schoe:ninlger et 

not consume suttlci.ent anllmal matter to 
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sa'varma:-h'De resources 

spe1cies is indiicatc~d 

enamel apatite carbOflate were 

most com;istentindiClltor more tollVOlrOllS 

are 

was more dellle1ted herbivlJre. Bec~awse b~lbo!ons are omnivof(Jlus. at 

as ACGICIQ aItl1lou~~h it 

are not nec:ess:arilly dc~ple:ted cOllopared to 

resources occur more 

",,,,,,p.r:1I1 areas 

was 

area were nh,~p.nilM 

a more 

area, savanna 

to bat:iOOllS dlrinking more 

at doc'ume:ntirlg b~lbO()D 

on chal:ma bab,oon 

Th~lckc:ray et 

are hlgllest gnISS€:S are more cOlnmlon:ly 

Me!,sinll). Tlhaclk:enlY et 

avarietv 

one en1vin)nrneIlt, rlipt~n·\I vmjatlililty was more 
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Thflcke:ray et 

mean anl1lual 

raUlIIau exc:ee(ls 1 vv,,",nuu. is beillev~~d to 

to 

amount water actuallly .. n .. " ... vI .... to bat)oo>os. int,erpret:aticm is not 

current uncjerl;taIldillgs 

.n.Ull",au Plelsto(:ene depC)Slts conlpnse a 

is en<:ountered savanna emrircmnlen,ts 

notllmig is known behlilvioural adalJtations. I 

account nre'viOllslv des:cnloea taxa perltam to N01tably, no 

GOl"go,pWleCI'I,S were obtainc~d taxon is theretiore omlltte:a 

were rel~ltivelv are clo~lely relt:llted to 

were Dre:vic)Us.lv 

as 

mcIIUa(~a as a sut,gelBus a review 

name Sillrl0J.,ithecllS 

tax4onomy CWTenltly, two spel;;ies are recc)gm.zea 

pru:iicult:llr, ........... ~.v .. et T. osw4!Jlfii. 

two is 

on ditltere:ncc~s an aQa.Dtnre bf~ha'viol11ral peI·sp(~tive. 

reatlceamci!lors. simIlar to 

et 
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T. oswaldi 

simllarto of Irlodem ge:laWlLS. alltnoulgn T. 

oswald; app1ears to 

a 

coruiwru~daslig.~yhi~l~~,roporti(m 

ursinus POI,uls,tioJlS as two 

renlaiIls a matter 

on tax4lnonnc sub-grcluping acC()rdiJlg to 

Spe(:les. AC(:ordlmg to 

is sp<:cu:s even a ChrlonocllIlle. 

is renlar~~abl.e. H[ow'eVf:r. as l'reedl1nan 

Par'apGrpio specimlens is on as 

it can spe1cies are cun~ently ac:ce~'ted as biol,ogic:ally aCClural:e, 

diflfere:nti:al resource utilizat:ion ~ntilJl'\1I' temlporal se:par'aticm fSLVO'Llred 

nr()Viiies some eVldeIlce 

a sex or a 

Dil"lot)ith~eCl'4s was nre:vicms,(v cc)nsidered as own 6'.,." ..... , is CWreJ1ltly recogJli:z<!d as 

a sut,sp(:cic~s 

app~ear to 

are mO(lem gorHlwi), 

:::: van 
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ro/Jlinsoni is most common cercollitl:lec1oid 

bai)oo·n is 

to GUl,IV3t cer1:ainlly allces.tral to 

a 

et 

Gel'COI-Jtthi::?COlfaes are mernbers is 

mo(lem savanna ecoisysteltlS, 1:"lree<1ma:m a 

Col.obines are 

Ple:ist,oc(me savarma is surprising, 

cons.idered an important mldiclltor 

most nni'<>hllu occur cOlltelmp,orane<)usly 

abundance was to retllect CIOI;e<t, woool,and 

palaeoi-enlVir~Jnnrlents ('Volde(]abriel et et 

monki:::Ys were to a ten·estriallitp.~tvlle 

cOlnpllete contrast is 

animals C()nSllme:d hiiohj"r amounts 

prima,tes are ftnr ... h, 

two synrlpatric 

to 

to iso1topi.callly diiffelrent teecling UGUlt3. 

sim,ilar to moclem baboonls, 

a !.,;4",Da:ieo 
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indicm:ingrell.m(:eonL~··DW~OO 

vm 

W~ to 

strategi1es at difl:ere:nt or to taxonomlic cC'nfil:slon 

a varJietv prinrtate taxa are conside~red 

rete:rred to ~ ursinus. or simply 

are most Imllort:ant dlel:ary 

a more impOl:tarlt resource 

are utilize1d, source most en'virc)nrneIlts. 

occur, altJIlol1gh bat)oo>us. lnsteac1. bllboons are extreme 

opportulnist teecllers. rPArlii Iv adlaptilrlg to enVirOflInental conc1itions to exploit 

applears to 

to meet 

are a 

sytlnpa.triC taxa. Dro'vidf~d some im)Orltant ins:lgh'ts 

resource utilliz;;ltio>u relation to 
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3 

to a 

cha]pter presents baclcground mto,rrna,tion on 

is dlscm;sec1. mtro~:en content is wl,rlplv ac:::cepte:d to 

prc)tei.n content a ma1nmal a 

account 

blologlical tissues is 

now relati'velv to nl1li\l!lf" a 

terres:trilill e,:::OS:VS1:eIIJIS occurs 

is 

des(;ribl~d a blmlodal distribution 

two dltl:erelnt pltlOtclsynthe1:lc Dlilth\lVavs: 

pholtos~mtl1letlc plan'ts) are com;istently delJ1letf:d cornpa,red to 

pbotc,syntllesls occurs phC)tOSYI1lth~:tlC structures 

a ... "' .. t ..... , I "' .. deSIgn knClwn as a pro1mllnent, ........ "' .. .1 aUJiUle:Q 

I) con(;ludled 

ph()tol;ynthesls, can a 
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anatolIlY was not nec:essiarily c()rrelat«::d 

it to more common 

phc.tos:ynthes:is seems to an evc,lutionary adapta1:ion 

season is 

10Vi/-al.tltulele. summer railrlfalll, tntlpic:ai or sutltropical eIlvironrnen,ts 

et occum:d at 31 among 18 tamllIes 

is attIiblllted to 

corlvelrSI(Jin to A't..I..UU: .. ana.tolIlY Uilb'bel'el 

photc.synttlesis is most common 

summer rallltalll, savanna en'virltlmne:nts 

~ ...... v ... gra~~ses are predoImnantily 

areas stmLlbs are alll1lost exc:lusivelly 

ditl:erence is 

dItter,ent amounts. 

gre:atest tractlon;atlCln occurs elurmg carlboxyla'tion 

converts 

atoms. 

is a 

occurs elurmg carbm(yljiltioln 

is it is 

on, further fta(~tionation is limited 

are more ele]lleteel 

to et 

is 

or 

is 
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equlatlC)D 1, F is 

co-efiiicient a is 

some de~tree 

on dwing ph()tosyntbesj[s, 

is un<ien~to(,d 

F + 

to diffush>n 

to carbo)l{vl:aticln d repr'eserlts 

on 

on IS01tOp:ic 

a pholtos;vnttlesi!;ing 

v~lnp..: stem 1 ....... ""1'" 

effc;:ctir12 an nve:rall enriichnrtent 

{Farquhar et 

is a C0l1lsis1tent dq:)letion forc~sts as cOltllPared to more 

as 

{f'arQuhar et 

is more delpleted of 'w~)dll:md or sa,'amlah 

more 

radiatl<>n on dis(:rirrlination against 

saVanJ1a grclunld. even 

are sOInet:imes as 

wetter hai)itats are slh~htllY more det:lletc~d 

areas bec:am;e water stress causes stclmlltal clc)Sures turn cause a redluc(~d 

is not as hp'Ill'1l1Iv discrilnil1lated a,~ainst dl11rir:lg plbot1osyntbesis 

areas as it is wetter areas {Ties2:en. 
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11Jl:1'VIJ~ are lnv'p.r!:,plv related to amount water aV~l1Jable to 

(St!~wa,rt et Stewart et 

is differlent areas mean anIllual rainliall 

to reduce:d 

is a 

to 

on !!rOWirlll at 

y"""U;:', altJllolJlgh not as as 

ph(,tosiyntbesils are to 

on diil:ereillt eIIZVJneS invlolvf:d 

subtyples is is oVf~rlaln bc~twleen 

means retl,oI1:edlly 

presented means 

It''-IMt', grasses, a(:lapted to emrlronm,ents. was 

gra!;ses COl1nbililed was 

on (,;Arlnnn Isotope tra(:tlonatllon. 

is abSIDrb€~d dlUnI1lg 

a 

stOJmalta are opened 

stomata are at 

occur SiItluUtanieolllsJy pro1poJ1iolils dc~pelilda:nt on on cer1tam 

as tenlperatlJre, so 

can 

to reduce 

wetter COIlditions, 

more similar to 
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are to sWlltch to more tavclunlble COflditions, 

phC)toiSYlllthe:sis is most common amcJngst Sllcculents 

adalpte:d to 

exc:ept:iolllS. IS sel(Jlom nh~~I""""l"rI a 

savannas. 

values are reflec:ted ammals n:ea:m2 on 

herbIvores. or mdlre(~tly annoals teecung at high.er tr10phic 

Mllllson et 

significant ccmtrilbutilons to aninial 

is an ablmdant 

det.l1enciant on 

most 

to areas; 

It is to use 

he]~hhrorles were aep1letc:a 

tee(lers were 

to bro'wse mc!orporated 

herbIvores. or indirec:tly 

source 

at 

C-c:on1;ent is inte:rm~:diate 

are 

to extract 

is 

cOl1npared to savanna spe:cies, 

comlparc::d to hlgh.er camOf'y 

to 

a 
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It 

diflfere:nti,al1eedlIlg on grasses, even thOlugn 

mean 

are deplletc~d cOllnparea to 

vIsceral tlISSUI;:S are sll,~htlly more erurtCllea 1"1', ... ",,,_ et 

(Slllonlleitner et a 

kenltin, was inijjallly re~pOJ:ted as more erurtctled 

is probably 

NaleamLura et ~P()llhl;:lmer et is rra·QItllOnaU) most 

a is beltwc~en 

l apatIte J can 

to recrystaUiZ8ltton 

Cw'bolllat'es over 

aPBltite as as 

h01we1ver. more mtlrtca.te 

he"h1\'on~" is enrIchc::d 

diflference is 

on 

betvl'een 12 rel,atn,e to 

SigIlals are relllabJle tii, .. h:I1M.l 

van 
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van as most 

source It was 

structures a 

on no 

occurs 

ca. 

e/ 

a 

change is retlectc:o 

to conisid~er 

mat·erialls. It 

or 

ho~we"er. seem to 

COIlltrit)ute to natlilral 

are COJ1S1Clereo. 

it is nec:ess.ary 

spt::cunerls to more 

niu'ogcm is more cornplex, 

tacl:ors is reslPonlsible 

to 

values cannot 

as 

anilmal tissues can, 

ditl'erelltia1tion betvlreen spe~":les t:scnoe:mn.ger et 

a nnr\rlv 

as 
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is a 

as legum.es) 

is not ahva"s 

case HaJldlf~y et it 

con1trast to nitf()gen tixaltion. deniltriticatiC)n pr'ocelsses 

N-e;W1 IChea,asden.itrijjcaltion 

is depilete~d rellathre to an amltnal 

swamlDV areas or on 

rate 

prolposc~d a 
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mass ........ ' ....... to PY1'\I!lI':" 

_-',OI_a .• _ •• __ water stress or 

stress 

eX4::rete more cOlnct;:ntJ~ak~d 

are 

to 

cause 

a DrC)2rleSS1Ve 

( 

more 
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mtro,~en are 

... A.' ....................... "''''.,'' are eml1Cl1ecl 

more Dr()telln 

It seems 

~D4[)nllie1l1ner et 

1 

et 

sources 

account 

is 

....... ,,, ........ a 

more 

no 

an 

a 
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across ttP~·". ... t taxa 

IS a 

sources. 

as 

water 

" .. ,,''''''''''''... are 

et 

it 

to 

It 

et 1 1 
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el (1 

as OD10mied 

an 

are 

,;on,;oI""',,, Cat'Donalte are 

.. ",1'1, ...... 1' water sources 

were nrl"QPI!\t 

1 

to aOC:UInient 

savanna ..... " ... , ...... el 

• ..... , •• "" ... el 
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matter 

out 

Ne,'erttlele!;s, it remams 

Dal>O(),n caecum 

acC()rdulg to 

matter cOl1ltaillS Il1ltOl'1mat:lon 

ecological ",,,,h'lId,, It is theJ'etbre eJ(pe,:ted 

FQP~P'Q are infolnmative regl3lfdirlg mlainlly is not dlgest(~d 

so isotiopic analysis 

examplle, bllboons are to masltica.te 

tract 

bla(les) are 

more so bet'wecm diflc:rerlt IIlldl"ldtlals 

same spc:cies, ulndi:gested 

an13llv!I.i!l is 

is not ..... ""'"''''''' is actuality 

SPC)DhC:lmer et 

as an eco,logical indlicatcor 

Nalcamlura et 

Sclloemnger et 

Dro~nde a loni~er-tenm insight 

exarnine a spe<~les> ecologlc:al v8lnability 

can at difler1ent 

pUlllXl'se. as is 
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an .... '04 ...... can 

even '''''''''",,04 

is 

at a 

an 

mcmutl, on """" ... "'"... , .................. ", .. 

Cnl:1LCll1la O,IlO()OEIS were to 

a 

It seems realsOIlab 

a on flv,PJ"llro:p 

DOiSltC:C1 on a 

nnM'\f\l;1p even ... " .... 10, .. 1f1I0llmmon on is 

van 
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thrC:lUg;hOl1t an anllnal' nrr)vlcie!t an 

is contlprised is 

a fibrous pro1tein 

COJ.lag;en, a is derived 

an anilmal 

source. 

delltIrle is cOlllag~m \ .......... "-1, ..... "".;0, 

nitr'o2c:n Isotopes can, Bo(:her'ens et 

et 

dentme cOlllag~m is tonned 

an anllmal's 

not turno'ver as no cal'ciulm "'Itl1Idr.aw,als occur once 

OTn'wth rec()rds are penmarlent {:SCh01lf 

is 

(rnicr()SC10plCall) Vllli<lnlp. as a1tc~rn'iltIl1lg U'UIU~}, k1tlov.'n as von 

COnlCel1ltnc pattiems starltmg at 

Molnar et 

individl1als. Mo,lnar et 

anImals is 

stress 

dentme is sim,ilar 1Zr0'wth rate 

mak:es it ditltlcullt to ot Saml)les wlthm a we.U-detuled 

dentme COIJlag€:n is derived llnCllerg,oes a relatively 

turnover event a rljl'·t~f'V Balllsse et 
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an:alv'sis on an abrupt change 

L,,""oa:sea to a miJlC.tul~e LA""oa:sea _____ , was retlected 

a gra(iual change 

two mClntlls \J:>i:Uil:S~iC et 

not dlS,slI1rlihlr to 

is tOlimeit1. 

bacloolrlS at eruptlcm is 

a parti clllar 

on sex ( 

was ac(;elc~ralted canttve cOl1opared to 

as bablOOIIS at 

erulptIcm are 

a partlclliar 

was tonmelQ. 

or~~amlc tll!iSUC~S are abs1ent, emumel is y' ..... ;U,L)' more 

van 

1-, 
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as If''''' ...... ' .... 

as COIlaense~a ",'UU''''''', 

are a reasol1labJ 

tr",~t""t1 as a ............... 6>."'. measure 

as across 

are 

wa~rsources. ~onsllae.rea 

mass sn~ectro]rnetrv. 
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4 

areas 

were to investiga1te Varllablllty 

matenal was obUlmed. 

a 

labc)ratory treatment measurements 

mass spt::CU'oIIletly 

was out 

areas 

savanna was a areas 

were on resources to 

savanna is a 

to 

areas a 

to resources 

a 

context. 

was 1 

taxa are 

a 

Ulxa. 
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Figure.U - Map ofSoulh Africa showing approxin1:l1c Iocalion or the Walffllerg 

and the: Kruger National Park in relation 10 the maJOf cities Capc To ..... n and 

Johannesburg (map not 10 scalc), 

-',1.1. T he WalerbC'rg 

The Walcrbcrg is an area of mountainous bushvdd si l\llllcd in the southwestern pans of 

South Africa's Limpopo Province. Fieldwork was carried 01,11 In IWO r<:5(1'VCS in the 

Walcrberg. Zoctfonll'in Private Game Fann is • small (ca. 7kml). privately owned plOI of 

land. localed about 40Uo south of !he 10wn ElJisl':lS. The Wdgc~onden Private Game 

Reserve, aOOm 60km 10 the south of Zoclfolucin and 10ian we" of VaalWlller, is I larger 
• rcscm: of rough ly ;lJQkm-, 

Clmrole 

The Watcrbcrg falls wilhin the wann. temperate. summer nlinfaJi area of South Africa. 

The wet season occurs between October and March, while April 10 September an: 

charlclcrislically dry months (Fig 4.2.), Annual rainfall onen exceeds 6OOmm, althouHh the 

Vaalw3tcr Weather Station, about 25km east of Wclgevonden, recorded a higher mean 

)9 
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anllual rdlllfalltl\;m the Elllstlis Station, nearer to Zoetfontein, between 1968 and 2002 (fig 

4.3.). Tbe Wel~vondcn Office recorded an average of 634mm of rain per !lMUm between 

199) IIntl 2002. IIltllough annual rainfall during this period is 562mm if the floods of 2000 

are excluded. AVenlgc daily muimum temperature recorded at the V3.lIIw3ler Weather 

SI.uion is 26.SGC, but during the sumlller months temper.lturcs often rise above 35"C. lbc 

Waterberg usually e~pc:ricnccs mod~l1Itc frost during the winter mOl1lhs. 

Figure 4.2 _ Mean monIhIy raInt.tI recoroed III the EIis ... IIId Vaalwater 

Weather Slations beh.een 1968 arel 2002. indicating MMOna! rainfall 

patlemS In the Watertlerg (Data supplied by the SOuth African Weathef 

Sln!au). 
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Figure 4.3 - Annual rallifall rec::orded .t !he V.atwater and flliar.s Weather 

$tatiolls between 1966 and 2002. The Icrmer ltallon " nearest 10 the 

Welgevonden Private Game Reserve, whn. !he latter ia closest \0 Zoetfontein 

Game Farm (Data supplied by the SOuth Alfiean Weather Bureau). 

VegetatIOn 

Acocks (1988) clusilies the Walerbcrg as "sour busll\'dd", comprised of tall straight 

ITreS (predomiJtllnUy Fuurea sulig'w, the TransvlllIlllc:ech) wilh tufted SOtIr gJ1lSSvcJd in tile 

less rocky areas. The area displays a characteristically high herbaceous productiviTy. For 

ecological purposc.o;, the vegetation of the Wattrbefg is divided into Ilw"cc I'cgelalional 

landscapes, namely plateaus, hillsides, and I'alley bonoml (Fig. 4.4). The plateaus iIIl' 

chal':'lClo:ristically woodllllld 5a1'anna. ... hile open grassland is common on the valley 

boIIOIT15. Hillsides an: hc:r.vlly wooded, csp«ially al the foolSlopes where: dense riparian 

vegetaTion dominates the fringes ofrm:rs and S!reams that now beTween The mounTains, 

Faunal Compo.mitlll 

Because much of the Waterbcrg's conservaUon land has been r«laimcd from earlier 

agricullurnllands, many specie! of African mammals ha,'c been n,:.inTroduccd TO The area. 

pmicularly OIl Welge"OIldcn, Only II few largc mammal species oc,:cur OIl Zoetfonlein 

(allhough bro ..... sing. gruing, and mixed feeding ungulates an: present on The farm). A 
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Sp€~CU~S is 

not 

W €~lglev()fl(len is sOlne'Nnat more 

S01.1thc;:rn Afiican savannas. 

HabO<)fls occur nUl1nbers on reserves. arumals are 

seen throu:gh()ut some 

pelio(lic~lny traverse WelgevOilden, as 

counts. an 

~nlihll"V ,y\rliu,tiln<>l" are, on occ:ruaOltl, CIDUltlte:d as one 

Watertlerg batloOltlS are extJreIl1lely 

can as(:nt)ed to tourist dl;)nsities are relative:ly 

are not as halJitliLate:d to hWnallS as are some 

Zoc;:ttolntein, balboons di.sphlY a are as 

on sun~owldiIlg a~:ricl.lltw·al 
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+ D"" .... 
o Valley Bottoms 

I!:! Hi.sides 

B Riparlal Zones 

FlgLirf 4.4 - Map of Welgcvondcn Private Game Reserve showing distribution of 

landscapes. based on topography and vegetation (Map provided by Wtlgcvondcll 

Private Game Rcscn"c) . 
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sm:tching more 

area covers alrno:;t 

DraJ{ensberg mOl.llIltarns to 

eastern botmdarv 

runs 

is 

reserve, geIler~llly delcreasi.ng 

mean annlual rainltall ca. 

west to east COITeSipolnds to an mtiitu(llDJfil 

sou.thVl/est to east. Raiinfil~nls hinhlv seasolml. 

wettest months, 

to 

west to east at 

savanna 

on 

west to east 

Sotlth'we:st to ca. 

at Pre1toril11Sk()p 

an elgllteen- to twelnty-'year cvclilcal raiIltfml pattern, wetter 

are more or 

canried out 

orten 

de:!iCI1Lbed seven 

more 

summer monfils, 

on 

was 

or within 

a killometers to can 

western grani~~s w;so(:iatc~d 

eastem reg;ioDS. are clmiely 

mi(ls1o'pes on are chaiIactert:zed 
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not 
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two seasons. 

area on one U"",.,,,a..;:.lUJIl. 

were ... Vo .. ""."'."' .... a cornD~lfatlve 

were scarce 

1 ). 

ditler,ent seasons 
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were 

a 

reserve. saInpies were "'v •• _~"' ... 

Table 4.1. List and details collection W"'t .... l-........ and in the National Park 
l LlllnaS(:ape vegjetational data Venter & GeJrteIllba(:1l 
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were 

reserve. were at 

were were at 

was 

to two 

areas. 

was on 

reserves. were oven 

not 

Table 4.2. List and details of baboon faeces collection sites in the Waterblefg and in the National Park 
(Lam;cal)e vc'geltati()nal data from J>efS. ""'1,"1"', J. 

Bushman's 
Mziki 

Nalana 

L Sabie 
River 

Hillside 
Bottom 
Bottom 

Bottom 

Southern Granites 
Southern Basalts 
Southern Basalts 
Southern Granites 

Dense woodland 
Dense I 

tree 

Dense I rimuiJ'lln 

Grassland I riparian 
Riverbed 

woodland 

Baboon site 
Baboon site 
Baboon site 

road 
road 

riverbed 
Rocks and grolJnd 
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Waterberg, baix)ons are cle~U'ly uncomlfomlble 

tlee:ing at 

was difllcult. ditticllltIces were, h01we1fer. beI1letilclal to 

as not cornpl.icate 

Zo(~ttbnteiln, Sf:veral ki:lonleters were tra1fele:d on 

a 

sanlph~s were 

as M()ts'lVe(1i), saOlplt:S were collected 

berleat:h a (!nlit~l'V bUpj'7,or'lJlQ ,nxc:;,I.) tree on 

were pre:selllt, 

come 

WlehZ,eV(IDClen were obltauled 

sittiLated at 

most rec1entlly dc~posited sflm):Iles were selc:cted. 

strands were IOClitted 

to ascertain tem}:)oral variabililty 

were retlinc:d isoltopic allah'sis. It is not cer1tam 

a difl:ere:nt lDIQIVu.lmli. it seems unlike:ly 

se"enlll metres 

two 

case, 

belc)ngced to sante 

was not to doc:umlent variability betwecm lllidi\i'idulais. 

were sanlph~d 

at a tourist 100J.(out 

to coillect 

"'WUIJ'~, are not uncommon. 

roa(lsid,es (S:abie-Sllrukuza area 

bal)o(IDS were to 

eXl)ected to a more 

"Steve:nscln H.amJIltolrf' were collected to COIltlpensate 
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was COilSICler(~O area arcmn:O 10c:ate:O on one 

ml1lablltin:g areas nearer to 

were obl:aiIled 

was 

to were 

indivl(luals were aV~lilable 

spec~iml~n samplc~d is pre!;entc~d 

were ob1tallled 

to we,lthelnng proces:ses. 

was im]po!lsitlle. 

Tralmaraal Museum were ODl:alnleo. were selc;:cte:d so as to 

Mpiumlalanga InUfVp.llcl were se1~~cted. as were babioOllS 

avalJlable prmclmlty to areas. Museum SJ)eclmeltlS current 

as most one spe:Cintlen 91 

opI,ortunity to some historilcal cOIlnparis()Ds. 

Table 4.3. List of baboon SpEICil1nel1lS from where bone and tooth sannplEls were obtained. 

UCT9786 M Adult Maxilla M3 
UCT9787 Nov-01 M Adult Maxilla M3 
AZ. Jul-86 M Adult Mandible Left M3 
AZ. 770 Jul-86 F Adult Mandible Left M3 
AZ. M Juvenile Mandible Left Mi, M3 
AZ. 792 Jul-86 F Sub-adult Mandible Left M1,M2 
TM 911 Lowveld 1926 M Adult M3 
AZ. 798 Lowveld 1984 ? Adult Mandible Left M3 
AZ. 797 Lowveld F Sub-adult Mandible Left Mi, M3 
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, ...... ,.-- .............. et 

Att.entlon was to pre'viOllsly uns:amI,led speCimens, so as to mcrea:,e 

bec()me aVaJllabJle, mere[)Y ot)tailling a 

more rotliUSt SaJlllples were 

nrOVl(lf~d a realKlwlble replrese:ntaltion 

willialnsi was sanlpl€~d as it can consldc~red an unusual 

selc:cte:d so 

vu .... u. a tenlpclral 

to faciclitate ~l,ah,,~i~ 

asc:ribc:d to 

to isot~[)pic ana.lvsils. 

Mellllbe:rs 1 

were 

to 

most suitable 

van 

saIrlple was a 

nUlnbc::r so 

SaJlllpleS collected, a nwnbc::r was 

samlple. Sarnpl~es were 

sanlplc~s were grolund 

labc,led as 

a un1lque nunlber to 

to hornog;eni:ze 

saIrlple was weilghc~d a 
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Zoe,tfonreiin were ansilY2:ed. 1 

replrese:ntiJlg a 

a saITlple was COIlsicilerc:d too 

same spe40ies same CoJllec:tlon were cOlnbiineld. addition. not 

were sep1arated 

Tblerc~folre. some were lablele:d as '\.11"'","",1 .. ' 

specinlen were hOlrnogerlizc~d). or 

were an~lly.~ed seplaraltel'y) 

an 

to 

was 

was out 

Watert.erg reportc~d on 

indiviclluaH were pre:prured 

as to measure 

was saI1opled. roots 

a vwrietv 

context. 

spec:ies. were anallyzed. fi.Jlrthc:::r 

were amuy.1:ed. 

meant 

relevlmt to are 

.. ,... "'6"" mrurnmal sIIec14es cc:>ml)arc:d to 

a 

was sec'ti0I11ed. starting at 

it was deltenniIled 

secl:ion so 

V. ".,In,ll", olf material is 

Hnwp.'vp.Trtwasd&lcrrrline:d 

sinlUlltaneol1s measurement 

mtf(),Il;en isotc)pes needed to 
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vv ....... an int1egrated lC)flg:-tenn t1jl'·t~r'V a'Vel'llge 

were reJ:1nmred were aV~lilable some museum 

dentine was samlplecl). 

den·tme was sanlplc~d sc:quientiiall:y . .Mlolars were 

it was aeC:lac:a 

rows were sanlplc:d 'W'hel"eVf~r poss,ibl1e. so 

a diarnonld-tiJ,ped mlClrodnlll, a dirunetier dent me DO'Ndc~r was 

diame:ter were .... '''''''''' 

trarasverse O1"f\wfh 

sanlplc~s were obtamc,d 

"'v ...... .!";"' .. was lso.latc:d 

insl11tlicielnt D()wdler was 

were extcmdc~d traras:vel'Selv. a'f01(llmg overlaD 

at or 

dentme DOVlrder acc()rdillg to 

cunent meltnociS Arc:hae:om1etry LatJ,0l'l11tory at 

tral~mcmts were plaloed 

sanlplc::s were cornplete.ly dleminerali:l~ed. HUlnatles were rerr.lovc:d 

a fra!smc:nts were placed 

a solution water to remove 

DeJntirle Di[}Wlder was a 

treatment were requirc~d co1.lagcm rc:maine,d. D1entine DOVlfder was not trea,ted 

as not COlltalln a cOlnponcent to warrant treatment 

It was treatment caused sanlpl(~s to 

not 

an um;lccc~talble runount or rmterisll. 
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delltirle C(>J1a:gen saDlplc,s were rreleZe-(IfleO at 

COIJlagcm was weigh~~d 

Babioon en3lmel is relative Iv one saJIlple enamel was 

Pm!Vde:red enamel was rerrlovl~d a di8111011d-tiPPl,d 

enamel omwdc,r was 

millutc,S to remove or~~anIIC mlatelrial. 

a SOllJtUJln to ensure uniforlll treatment 

saDlplc,s were 

saJIlple is requin~ iSotClpic analYsils. at 

enamel was rerrlOVI~ 

Trams,raal Musewm was prelparc~d 

et 

J:Slcr::ach was not enamel pretre~ltment. as or~~anlc matter 

were alr,eaclly 

sollLltlcm was hOVVeVI1lr as Om.lSSllOn 

more Soilible carbollatc,s 

zones. smnples were ...... '''' ...... 

enwmel was rre,eze-Ofleo at was weilghc,d 

collagen) were cOlnbtlstc,d an autclmlltted 

were me:asured 

a con.tinlllous 

sYstem atta(~hed to a FjDlnig~m 

org.EUlic tissues is 



Univ
ers

ity
of

Cap
e Tow

n

on 

4"'1-' ............ measurements 

are 

was 

set 

II 

were not 

nUJPuG'1' most 

mass 

to 
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content 

trees 

actionation tac1;ors to 

reserves were 

to 

were not Wl'!,!::nf~rI 

are onutteO 

"",,-,lLUllI.Jlo. et 

not account 

IS a serni-lommtJltative "'" .. .uu ........ 

1 

area 

as 

as 

tre,atea as a 
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were cOltnpared 

seasonal tluctlilations were as ditlerellces betwe(~n as 

differellces betwecm c~lte8:onl:s were analysc~d 

inclivildual or mean 

were not cOllSiclen::d n::le'Vat1lt. as of"ariaticlfi is pot:entiailly ... "'u ..... w'ithiln 

analvsl:s are presellited 

to 
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5 

an 

are coJnpare:a 

is ........ , ..... 0.> are dislcussed 

areas. 

were 
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Table 5.1. SUlnm,ary of data from trees and grasses in the Watert)erg and the 

Trees 

Trees 
Jan 

Jan 

Trees 

June 

Grasses June 

were eru1.ctled 

were the:retbre obligate 

it 

47 -24.9 1.9 4.4 
18 -11.4 1.3 2.6 

1.8 
28 -26.4 1.3 
78 1.7 
17 -10.5 1.2 

15 -13.3 1.0 

32 -11.8 1.8 

125 -25.5 1.8 
-11.7 

1 

trees 

2.7 
4.2 
3.2 
2.7 

4.5 

3.5 

3.7 
3.2 

3.0 
2.2 

were indistInct 

ingens sanlpl€~d is not 

mai.ntaJin a CODlSis1tent disloretion beNreen 

as a 

2.6 
1.9 

2.7 
3.6 
3.1 
1.8 

1.4 

1.9 

2.6 
2.2 

1.2 
0.9 

1.2 
1.7 
1.4 
0.9 

1.0 

0.9 

1.4 
2.0 

Park 

0.5 
0.4 

0.6 
1.0 

0.2 

0.3 

0.3 

were 

to 

ingens is 
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vl'lln~!1iI were nh'~ ... nJ ... rt were geIlerfuly 

Zo,etii:,mtein were slildltlly more eru:1ctloo n 

± 

ditl:erence is not significaJnt 

to dlsc:em 

to trees 

to 

content 

as 

to 

content 

± 

to 

content 

more 

trees 

areas, 

Wjllterbc;~rR were 

two reserves 

pa1tteIn was even 

it 

Zoc~ttontelm were sigrlific:aJntly 

not signiti:caIltly hlgJler meaJn 

W f~h!lev()n(len were 

is 

was 

not a 

is 

to 

a 

trees 

trees 

not areas. 

are 

a not 

to trees no 

seasoruU ditl:c~rence was 

a 

change was 

more de]pleted JaJnlJarY comlparc~d to September. 
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are to 

et are to even 

is 

is to 

to 

an 

to 

is 

as as 

some 

were 

more 

were 

as were too 

are to 

to 

is some were 

were not to 

Geopllyt(~S were mean value:s 

areas. Suc:cull~nts (El.IPhc'Jrb,ia ir.lgelfS 

were not distinl~t 

a 

excess SBIIlple was repeatc,d are 

to a rate 

WeJgevOllde]n. ru'lVirlli a one 



Univ
ers

ity
of

Cap
e Tow

n

sumple was obtained. it is unclear 'oIhether this result can be considered 3 gcncr:ll 

R'p~scnlllliOD ofgeoph)1es in the Waterberg. 
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b 

Trees 

Figur. 5.1 .-<: _ Box plots of mean • .nd starld.rd deviations With outIieI'S lew Ii''c (a). 1i''N 
(b), end %N (el 01 t'oos, grllsses. arld /orbs c:oIIfJcted klINt Kruger Park and the Wllletbe!g 
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Waterberg 

• ." ~J. ." .,. 
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." 
·n 
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1) 13C PDU ·u E3 September 
(%.,) .,. 

*f 
0 E3 January 
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." 
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• ~ • ~ • " ~ & ~ • • • ~ 
0 0 ~ 

~ 
~ 

2 ~ w 
~ 

Kruger Park 

• ." h ·u .,. 
0 

." 
·n 

05"C POll ." 
(°/...,) ." BJuna .,. 

H 8h ~-
E3 January 

.~ -.,. 

.>0 

• • 
~ 

• 
~ • ~ b g 

FIgure 5.2 a & b _ Box plots willi mealW. ltandard deviations. and ouUiafs. showing seasonal 

chauges in I\"C of dlff"renl plant growIh foIms from till Waterberg (a) and tile Kruger Park (b) 

Each plant groupong conatIlIi of poOled (I8Ia lot the difle<ent organs .nIIly2ed. 
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Waterberg 

"0---------""--------------, 

" 

, 
, 

Kruger Park 

• 
• 
• E3 

, , 
, 

E3 September 
E::I January 

E3 June 
E3 January 

Figure 5.3" & b - Bo~ plots wi!1> melW'll. ltandard dev1ationl. and OUtlilirli. mowing l8aSOl\8I 

ct1anges in a"'N of different plant grOWlh forms from the Walarberg (a) and tha KNotr Paf1>t (bl. 

Each plan! grOUporlll conslstsof pooled daLi kJ( Iha (Wareni organ, anal~ad. 

66 



Univ
ers

ity
of

Cap
e Tow

n

Waterberg , 
, 

, 
2 E3 September %N 

f ~ ~ 
E3 January , T~ @8 

• • • l' • ~ ~ • ~ • 
~ 

~ • ~ ¥ ~ • , g 
G ~ 

0 
~ 

Kruger Park , 
, 

" , 

.~ 2 t* 8 June 
%N E3 January * 0 ~ t ! ~~ t '? 

• • C 8, • • • 
~ • • i • ;. • ~ ~ r , 

~ " b G 
G 

Figure 5.4 I & b - Bo~ plots with means. standard devta~ons. and ou~~rs. showing seasonal 

changes In %N 0/ different ptanl growth forms Irom the Watawerg (a) and the Kruger Park (b). 

Each plant grouping consists of pOOled data lor the dil'!erent organs analyzed. 
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5.1.2. V IIrilibility Between 1\1 icrobabitwt$ 

Variations in plant isotopic composition between microhabitms of the Walerberg and 

Kruger Park arc presented in Figs. 5.5 to 5.7. Within grasses. no significant difTercnce~ 

were observed for spccieli that followed different C. sub-pathways (NAOP·ME, NAD·ME, 

rCK). Taxonomic anocmion of C. subtypes follolWd Sage (>/ al. (1999). This designation 

of C. subt)1lCs is. hO\\l:ver, confounded by methodological inconsistencies employed for 

identifying C. sub-pathways. ·Illus. the lock of differences in mean OIlC values between 

NAOP·ME, NAD·ME. and PCK grasses in this study may be an anifact of erroneous 

designation ofthe<;e sub-pathways to the grass ta.'{a analyzed. 

In the Wnterbcrg. grass Ol)C values did not vary significantly between sampling sites. 

and the - ) " .. decrease in slle values from Septemtx.r to January WIIS evident in all 

microhabitms (Fig. 5.5a). Watcrberg lrceS had 81le values I !Q 2"/ ... high~r in the Opell 

w(>Odlund site MOlswedi eomp31ed to the more deme!y vegetmed riparian 31cas 

(Bushman's Puinting and M;ciki) during both September and January (Fig. 5.5.1). 

Kruger Park plunlll ',,'re no more varinble lh:m the Waterberg pl:lflts (Fig. S.5b). eveD 

though sampling sit~s were funbcr apan and tlk-..... is much more vegetational heterogeneity 

in this reserve. During eaeh month of sampling. mean sl le values of Kruger Pork trees and 

grosses did OO! differ by more than I ~/"" between any of the microhabitatS (sites) sampled. 

with onc notable exccption. Hlangnnzwanc. an arid. open grassland site on the basaltic 

KnobtoomiMurula savanna. had gr .. ssc~ thaL di$played u mean olle value of ~9.8 ± 1.0 °/ ... 

(n .. 13) during June. Such II high overuge for grasses within a single area is largely 

unknown. and th~ only reasonable explanallon for thi~ seems tn be lbat the soils of this area 

lire highly saline. It is striking. however. that these grasses had amongst the lowest s Ue 

values for Kruger Park in January. Analytieal error can be ruled out here because sample 

analysis Will> not carried out according \0 collection site. l;>uL plams and fae<:es we1\' in fact 

analyzed in rumJom order. While tbis observation remains somewhllt unclear. the values 

noted IlI.'re do not appear to be reflected in the ol le values of mammal faeces from Kruge: 

Park (sec section 5.2). 

Between-site variations in plam SlsN values in the Watcrbcrg wert' small. with all sites 

having plants e.~hibiting II similar range of values (Fig. 5.6a). Seasonally. the WareTberg 

plams showed no significant changes. e.~eept for the site Mziki. where trees and grasses 
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irlCft"ast:d in O'lN from September to Jallllllry. [n Kruger I'urk, ho .... e\cr, :.;rDsses from a I 

four mierohabilaLS shifted to become ~bout 2"1 .. more posithc in /:iuN in Janunry compa!l:'i 

10 June (Fi~. 5.6b). Tm:s from Kruger Park sites displayed a similar seasonal trend lU 

o~ for grasses, but the I Ilangan7.Wllne trees did nol diO'er seasonally. 

Trees and grasses displayed l1lI increase in nude pmlcil! con lim! rrom the drier montM 

\0 January (Fig. 5.7). Apm from the Mziki site. and grWlsa from Bushman'! I'amting, Lh! 

protein content of tl\.'CS and :';TaSseS collected in Junuory i~ signi flcuUlly higher (1'<0 .02) 

than planlS eollttK'll in S<:ptcmber and in June for both th~ Walerbc::1'lO nnd Kru!i:cr Park. 

resp«liwly 
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• 
Waterber,g,,--_ 

·n 

j 

,I' ... _ 
• 

Kruger Park 

=e =e I 

I 

- - -b 

Flgur. 5.5 _ 80. pial, willi means and $IaIldard deviations ~ seasooal change. in ~"C 

of trees and gra_ !rom di118AIf11 aJIIection sites In the Watelberg and me Kruger P.r~ . ....... '" 
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Watorberg 
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F1gure 5.6 _ 80Jc pioLs ¥IIIh means and standard dlMalioos showing s.aasooal <::/langas in 1i"N 
of trees and 1I'3S&e' from dift.ant wIIudioi, site5 in 11>0 Waterbefg and \he Kruger Pir!o;, 

r.~YeIy. 
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Waterberg 
r-------~ 

-
Kruger pa~'k-,---________ , 

I 
I,~=:J~ - - - -b _ •. 

FIIIUflI 5.1 - Bo~ plots with means and standard cIevIatlons ~ telI.:lIIBI c:t\angP in %oN of 

trees iIIId gra$$8$ from dilferent collection sites in the Watortlerg and the I<JugII' Partt.. 

respectively. 
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S. I.J. I'IMnt I'uu 

Different po.ns of trees. romS, and grosses from each reserve exhibited some degree of 

variablluy In isotopic nnd protein cOlliposition. Nombly. al1e of tree leales "'ere about 2 10 

)0/ ... lower comPllred to fruits in both the \Votemcrg and Kruger Park (Fig. 5.8a). This 

pattern is consisll:m for buth months of snmpling in the respective ~as. and the difference 

is IIIW1l)'li slrongly significnnl (p<O.OO.J). aile vnllle!l of lree oo.~ ~cre intermediate: 

between thm of le~I'es nml fnlll, bUI oo~ .... 'lIS only significantly different (p<O.OI) from 

both kayes IllId fruit in June in Kruger Park. GmS! ports did not dirt"r by lIIuch in !)Ile 

l'alllCS. although it nppenred tlml seeds were the most IlC-alrichcd gmss pan dunng 

Janunr)' in both arcas (Fig. 5.8b). 

Tree burk wus depleted in I~N by 2 !O 4~/ .... on ft, 'ernge, compared to lea,'eS and fmilS 

(p<O.05; Fig. 5.9a). The .sill\. of different grass po.rts did not display an) consistent patterns 

(Fig. 5.9b). In June. at least, tlte r0015 of forbs had 1()l.l.'l.T 81 ~ lalues tIuut leavC'S. hut there 

were insufficient samples 10 test whether lhis held tnIe in the Watcrberg (Fig. 5_9c)_ 

The most prot('inaccous ports of trees and forbs were !he lea"cs. esp«ially during 

January (Fig. 5.IOa 8:. c). Grass seeds often displayed a higher crude protein content than 

other puns of gmsscs from Kruger Part.. but in the Watcrbcrg no signifICant differences 

bct"~n grass seeds and leaves were o!l5en'ed (Fig. 5.10b) 
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5.1A. Summary (If Results fr(lm Plaats 

The .... suh .. ofpl~m 3m,lyses lire used here ~o J"II"ovitJ.. II dielUry b~seline for int~rpreu"ion 

of mammal diets in the Waterberg and Kruger Park. With respect to implications for dietary 

eculogy. several significant points can be made: 

C. grass lI lJC values cxhibited seasonal variabili ty in both. study areas. decreasing 

from June and September to January. 

Plant 3'~ values and crudc protein conteJ1t ",-ere higher during January than during 

drier months. 

Variation" in plant iaotopic compo~ition and crude protein content between different 

microhabitats were small. and thus spatial differences in results observed in animal 

tissues within eacb rescn'c renecltrue dielury differences. 

Kruger Park trees contain more clude protein than trees from the Walerberg. and are 

thus higher qUIlHty fO<.>ds. 

Fruits were enriched in Uc compared 10 other tree parts. bark was IJN-dcpleled. and 

leaves had the highest crude protein composition of all the organs of trees . 

All succulents sampled from the Waterberg bad olle values that were 

indistinguishable from thot of C. grasses. and were the most ISN-enriched of all 

plants. 

Data fur a single geuphyte spt'Cirnen frum the Waterberg hints thattbese plants may 

have low 3 '~N vwues in this regivn. 

S.2. "aeeH 

Faecal samples were grouped by spe<;:11!S and rc:sults are presented in Tables 5.2 and 5.3. 

~or comparison with ""boons. faett'S from other mammal spo!<.:Jes were ~"Ombined lIS 

gr.w.ers. browsers. 0.00 mixed-feeders, but using only those species for which two months of 

data. "'ere available. Thus. grazers are represented by ~.ebrn (£quUl burchelU!J; buffalo 

(.I.).'/Icerus caffir); bluc wildebeest (ComJOchaeles luurinu .• ): waterbuck (Kobus 

ellip~'lprymIlUS); and wanhog (Phacochoerus QiJlhiQpicus); in the Waterbcrg. and by the 

So1me species in Kruger P:trk. barring watcrbuck. Browsers are represented by gimffc 

(Giruffu camelujX1I"ool/s) and kudu (Trogel/Jflhu~ )'Irepsirews) in both regiuns. Mixed· 

feeders ure represented only by impala (A"p)'Ceros melamp/IS). 
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'These resull5. indicating diclar) \'anabilily wilhin nnd hl:lwllCn Ih~sc IlfOlips. and 

baboollS. are pTe5rnled in Figs. 5.1 [ 10 5. 15. 

Tlble 5.2. Data from WilterbefV mil/TIfTSl/aeces 

6"C Ii"N " Sf)Kin Month " Me.n SO .. n SO ... " SO 

Zoetfonteln 
AepyeelO.t me/,mpus "'" 

, ·208 " 53 " " 02 
CormochMIlIs raurinus " -145 0.6 50 " " " Equus lIurchf/",' " -140 " " " " " Hya~1 lIrunMa , -16.9 " " 00 " " HySlrlx IfrlcMIUSrrlll~ 5 -24 2 " " " " " -- , -217 " 55 
Or!Jo/I'IIflUS OIBOlrtlflU$ , -252 09 57 " " " Ory.c flillIIN, , _144 07 " 06 " 02 
Panrh«l pilrdus , -114 " " PlptO urslnus 50 -233 " " 09 " 07 
PhllCOChoI!rvS IJ.llliopicwt , -130 " " " " " Trag.SpllUs srrep.s..:ema " -252 09 55 03 " 02 

We"'evonden 
Aepyeeros mel.mpus .." , -,., " " " " " ''" 

, -16_0 " " " " 03 
AJceIaphus lIuselaphus "'" 

, -145 63 " Ceralotherium .siroom So. 3 -145 " " " " " "" 
, -U7 " " Coonoc:traelQ launnus "'" 5 -139 03 " " " 02 

,~ , .15 1 " " " " 03 
Equus~ .." , _U 1 " '3 U " 02 

-"" 3 -130 07 " 02 06 " G,"",IJ eamelopfUdallS .." , -257 03 " 06 " " "'" 5 -'" " " 0.6 " 03 
Hya_onmt .. a .." , -154 " " " 06 03 
Hyslnx afncaeiJUSifIJIlS ..,. , ·2" 1 " " 05 " 02 
Kobu:s~us ..,. , _140 " " "'" , _1 44 " " -- ''" 

, _16.7 " 20 
Papio Ul'SlflUS 50. " -" , " 3.' " " 06 

"" " -21 2 " 3.' 07 '3 05 
PoIamochoero5 porCt/s 50" , -197 00 36 02 " 0.6 

,," , -'" " " Sync::erus CIt"', "" 3 -152 07 " 07 " o , 

"'" 3 _14 8 05 " " " " TIJIlIlltragu5 OIYK "" 
, _26' 0.' 57 " " " Tragelaph"5 scliplus 50. , -" , " " Trng9laphus SIrep&1CI1OS 5op' 3 -26 , 0.' " 02 " 03 

"" 
, -'" 05 " 03 H 00 
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Table 5.3. DaD from Kruger P .. ri< marnmaj faeces 

5'" %N 

"" " .198 30 62 25 22 06 
ConnochHte$ taunnu$ J~. " -14 3 0' " L' " 02 

J~ , -15.0 '" " EquU$ bvtChell" M. " -139 0.' J< " " 03 

"" 
, -15.2 ., " ,. " " Grrsffll c'meioplrdal/$ '"~ 
, -270 " " " " LO 

J" " -27 I 08 " " 25 0.' 
Kobus '1ItpSiptymnus Jo" • -16 I 09 5' " " 0.' 
P,nlhefl leo J"~ , _170 " " " " " P'plO ursInus J"~ 50 -25 I 06 " " " 06 

J" " -,. , " 5.' " '5 " PhlCOdloerus aethlQPlcuS J_ , -u I " " 09 " " J" , -150 58 " Syneerus ~ffIr J~. " _1 47 05 " " " 03 

Joo 5 _16 1 06 65 " " " Tr&g9IlIpItus Sffl~leM}S J~ , -'" 05 " " " 05 
JM , -28 a " " 

5.2.1. Complri~on o(l\Iam .. al Ok" Ilel!' «n the Wl lerbt,rg IInll Kruger l' l rk 

As was the ease with phUIls, aile values from mammal f:teCe$ were cleurly dislincl 

between gra7jng ( I1C-ennchcd) and browsing (IlC-depIClcd) spo:cics (Fig. S.lla). No 

significanl differences were found In mean ¥JlIZer or browSt. ... I\'Je 'Illues between the 

Walerberg and Kruger!'arL, although the IDeIlI1ll for both llroup!l "ere shghlly hi"hc-r in the 

Watc:rberg (Fii:- 5.11 a). "Ille l:.ck of die1lll} diffCt\'nccs bctlO.ccn Ihe two oreas is further 

indicated by the calculated %C)-intake. I'i~ S.lib show! that the small ditTm:nccs 

nllsen·ed in mean 1\'1e ,·alucs of gmn-rs lind browse-IS bet ... .rt:t:n Ihe Woterbc-r& lind Kruger 

Pari.; do not reneel differences '" the proportions of Cl 10 C~-based foods consumed by 

Ihesc animals. 11K: small inter-habilll\ diffcrel1(:CS are attributuble to minor dirferellcc:il In 

plan. iii Ie values between these regions. Similarly. no differences were observed In impala 

dielS between the two regions. although they exhibited a "idcr runge dietary ne:o;ibility in 

lhe: WUII:rbcrg (- 20 10 70% C) illl.;lli;e) as eompan.'tIlo Kroger Park (-40 10 55% Cl inUlke). 

Amongst baboon faeces. II strongly significunt difference (p<:OJ)OOOOI) was found III 

mean allc vnluc:s between the Wa\erb~-rg and Kruger Part (Fig. 5 ] ]). Baboon fucccs from 
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the: Water~ WCTe more enriched in lie. indical,nl: oomumption of betwecn 50 0I'Id 70"4 

C'rbased foods.. whiLe in Kruger Part baboon faeces RaJ lower a"c ~olucs. indicating 

utilization of - 80 10 90% Crba-ied foods (Fi.:. 5.11.11 & b). 

It .... oold ~m that baboons in tbe WaterlJcrg commonly utilill:d I:rnsses during the study 

period. Ho .... c\·er. this area comprises a much lower abundance of palatable I:IJII.S' speeie,j 

Ibnn Krul:CT Park (e.l:. Acocks, 1988; Burger. 2002. pcrs. cumm.). Funh<!rmo~, impaLa 

diets we~ not dilTerent between the regions. The po~ibility that other "C-cnricbed dietary 

items. apan from I:nlSSCS. form a sil:llificant component nf the diets of Waterocrg baboons 

must thererore be coll5iJcred. Given the daUi obtained from planl$. and the obscrvali(lns of 

baboons fceding on Euphorbia ingens in Wclge~onden. faecal aile trends hl..cly renect 

higher utilization of succulen ts and fruits by baboons Jiving in the Wotcrbcrg. 

f",,~ .. r S'lN ... IUQ Wele gCIlc:ralLy mon: p<»itivc ,han , .. L=1I from pl"nl'" bUllherc: "'1U 

considerable o'·erlap. and thus call1ion is taken here wben interpmin& these results as a 

function of trophic Ic\'cJ (I'i.:. 5.llc). 11M: highest values were ol!sc ..... ed in mL~ed·feedin& 

impala from bolh areas. Bm~ wen: more enriched in '~ dum &nw:n In the Waterl:teri. 

but oot In Kruger Park . Trees and gTII5IiCS ti-om these tWO nrens did not differ oonsistent ly in 

mean a'~N '"!Iluc5. and Lhus the difference in faecal a"N \-alues betwccn bro"''!Iers and 

g=rs in the Waterbcrg cannot be ascribtd to g..:nctal trends in local \'Cgctation. 

Baboon fllCC:llli"N \'alues w~1C lower than other mammal sp«iC$ from the Waterbcrg, 

and l<.'Crc similor to broW5C1" 0I'Id ~r \'alucs from Kruger '·ark. funhcr cxu:ndinil the 

argument against using li"N in faeces as a trOphic Ic,'Ct indicator (Fig. 5.lIc) (but see 

Kelly. 2000; and Chapter 6). Between the: TCseT\·cs. f~al a"N '"!lIlIeS did nOI differ for any 

ofthc dict.ary sub-~ps. but baboons exhibited Significantly lower (p<O.OOOCH)I) values in 

the Waterbe,¥ than in Kruger. The low faecal a"N values in baboon faeces do not 

nccc55.llnly eontrudiet the suggcstion Ih3t "C-cnrichcd faeces renect utiliz.ation of Ile· and 

"N-entkhed succulentS, lIS preferential retention of "N may occur durin.: digestion (e.g. 

Ambrose, 1991). It is also possible tltatthe low .s"N valllC5 observed in baboon faeces is 

due to utilization of "N.deplcted geophyte oorm5 and tubers. bul insufficient sample! of 

this t)'(lC of plant materinl "'-ere lI~nilable 10 determine I<. hcthcr a"N values 3l"C c(llUlJ/entiy 

low for geophytes. 
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Crude protein in faeces .... a5 hil:hcr in browsers than in gnl7..elli ..... hlle trnpala faeces had 

f:ICCal nllrO\:cn levels intermedime bet .... een l!lese groups (Fig. 5.lld). Baboon faeces had a 

trwe prolein content simi lar 10 Ihnt of bro .... sers. ~lthough in the Wateroe'll baboon faeces 

tontained mon: prou:in thun even the bro .... slng species. In all groups (1:11IZCrs. browsers. 

impala. and b.1boons) faecal protein levels were sil:nlficantly hil:hcr (p<O.OOOI) III Kruger 

Pnrk than in the Walerberll. even 1hollllh plll!1lS did not difTer signifieand} in ~.N bet .... een 

these TClllollS. 

The hi1:hcr protein found In Kru1:er mammal faeces ma) rcflC(;1 heterogeneily III Kruger 

plantS. allo ..... ing for sclC(;tion o f higher quality foods ..... hereas the rcl:llh-cl) homogeootlS 

vegeunion of the Walerbcrg does not provide lIIlimals with Ihls option i\ltemali\"t~ly. 

Kruger plants may be richer in dil:es:tion inhihitors soch IJ5 condensed tannins. and e\'cn 

lignin. which would lead \0 prccipi1atlon of uliCSlcd proIeins tllal contribute 10 nm,ed faecal 

prolein lc-.-c ls. 
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~.2.2. Sfilsona li ty in the Wa ttrbcrg 

The alJc vallk'!! of faeces from grru!ers IIOd browsers. n$Jlecth-cly. indicated no 

detectable dietary chlUlges between Scptember Wld JllnUllf)' in tIK WlItCrbcrg (Fig. 5.11a 8:. 

b: Tablc 5.2). Mi.~ed·feeding imp.'lla consumed significantl} more gnw (P<O,02) m January 

than in September, in :lOme ellSCS fllCcc~ having atlc \'3IUI."S 115 high 115 - 14-'_ reflecung a 

- 100% gr3S.'l-based diet (Fig. 5.12a). 

Baboon diets did not c~gc significantly. in tCl11lll of the ratio ofCJ· to C.·bnscd foods 

coll.'iumcd. betwecn these momhs. At first glllllCe, then: appears 10 be seasonal dietary 

variation in ""boons (Fig. 5.12b). 1I0\\C\'el". the esumated pcn:c-ntage C} mtakc is 

influenced by thC" seasonal change of _3D
, .. obscr.'td in grasses. As discussed abo\c. it 

appears thlll grusscs do not corrtribute significantly to tho: WIIICTber'g baboon diets. 

1bcrefore lhe IIpp~m dietary shin shown in Fig S.12b is Slml'l} a representation of the 

problem auocialed with using 81le -end·membcr- val\Jll!S 10 calcullllc an absolute 

percenlage dietary C) (5« Chapter 4). 

F3CCal 81~ values cxhibill.-d minimal SIl:IISOf1I1I changes. cxcept for 11K higher values 

obscn'ed in grazer facees from January as compared to Seplembt."1" (Fig. 5. 12c; Table 5.2), 

I,hich minors the seasonal change in ~ 8'~ vull.leS. 1bc overall lock of scasonal 

\'ariability in fllC(p] illOtopic !.bt.:. CPII possibly be aUnbutcd to the lack of min in thC" 

Watcrbt"rg bell\~n September 2002 and January 2003. tIKreb}' suppressing normal 

fluctuations In the availability of high quality foods. NCl'enhdess. grazers, bro"''Scrs, and 

mixed fe<:dcrs _II a('pl:ared 10 consunlC' higher quality diets in JWlUUl')' than in September. !IS 

obser,ed from crude protem content of fac<:o {Fig. 5.12d: Tablc 5.2). In contrast. baboon 

fae<:ts c:\hibitcd :1 small but significant (p<O.OO5) dccrease in fatcal nitrogcn from 

September to January. 
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5.2.3. The Walemug Baboon' 

Tbe complex combination of dietary items consumed by different baboon groups in the 

Waterbcrg is clearly reflected by the results displayed in Fi£.. 5.13. Faccal IiIJC \'alues 

a\mlged around - 21 oJ"" (Table 5.4), While these: ~lIlucs rencct a C,)-dominated diel. these 

arc relali"dy llC-eoriched gi,'en that they were collected primarily from sleep sites 

coclosed by dense riparian vegetation. Clearly, faecal SI)C values renect the utilization of a 

signi lic:mt propor1ion of I.)C-enriched items. SUcll items might include slICculenl$. fmiLS, 

and ,some grasses in and around these: habilats. Ins«ts may also form a part of the 

Wllterl:lerg baboon diets. but no analysis were performed on this mllK!rial to provide suppo" 

for ills«thory. In any e\'enL the WlltCrtlerg comprises a relatively low abundance of 

insects. especially during the drier months (Burl!C'r. 200J. peTS. comll1.). 

Although fnece~ displayed II wide rungc of s"e ,ruues, baboon faeet'$ indicated few 

5p;ltinl and seasonal dictnry dilT~nces throughout 1M Waterberg, with t"''O notable 

excepti()!l': Nalnnallnd ~tfontcin. 

The highest faecallll JC ,'alucs for baboons were ob.scn'ed al Nalnna (mean '"' - 18.4 ± 2.0 

"J_ It - 6). ",here faeces W¢TC collected aroull!l a CAM rholosynthe:sizing EuphoTbiQ 

;ngcll< !ret' on IO.-hich baboons had been observed fced ing (Fig. S. IJa &. Tabl .. 5.4). This 

()bservalion provides support for the suggestIOn that succulents. rathcT tll3n grasses. are an 

imponnnt dietary item in the Walerberg. 

The baboons ofZoetfonlein had diets signiflCantl) more depleted (p<0.OO3) in IIC than 

the Welge~'onden baboons (Fig. 5.13a), This is a rurther irtSlllJ)OC ror the 10'" importance of 

grasses for Walertlerg baboon dicu. It is e~ident thaI the Zottfonlein baboons do not 

supplement their diets with a sigrnHcant amount of succulent planu.. but prefer CJ-based 

resoun:es. One possibilit) that mt1';t be considered for Zoetlbntcin is thai th¢-sc b>lboons 

conunonly ublize agricultural CJ-plilllts, such a!I mango!. on farms neighbouring 

ZoetfonlclIJ. a resource thai is not a,'ailable to the Welge~'Onden population 

6t~ "alucs of baboon faeces did not displ3y any obviously consistent p3ttcms. and 

could not be co~lated It) die\3ry seie<'tivlty (Slle ~3Iues), or dietary lluaJily (%NJ (Fig. 

S_ 13c). Some of the hIghest '<lIlIeS were obtained from faeces from Nalana. In ~eeping with 

the observation that succulent plants "-ere IJN-enriebed. but raeces from the plateau 

(Motswedi) were as I~-ennehed as Nalana faeces, 

" 
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It appears th;ll faecal oljN values 00 in some .... '3)5 renOXI fceding at differC'llt trophic 

1I."\·e1s. Brown hyaena (II)'{I<'II<I brUOlll(,U) fa~'Cfl; Ill\: coosistcntly 2 to 4",. more enridlCd in 

I~ than herbivores (Fill. 5.12e). Bu.shpigs and babool1$ both h~ low faIXalj)IJN values. 

Barb of these animals are omnivorous and 11 is possible thaI 10\\ j)1'N \ 'NIIeS in their falXes 

reflcct omnivory. Kelly (2000) found that. amongst tem:slrial ITulilImal.!l., omnhotcs had 

S"N values intemwdi:l1e bct\wen those of herbivores and Cami\OfClI. AltclllDli\'dy. 

bu$hpig.~ and baboons commonly utilize underground stOOlge orllMS- and it is possIble that 

low j)llN values in their faeces renoxt this behaviour, shen the extremel}' low Sl~ ... alue 

obscr.·cd in the singlc geophytc tuber from this area. 

TIle Motswedi faeces exhibited high variabili t) in %1\ \alLM:S (mean " 2.8 ± 1.Q%; FiK. 

5. 13d). evcn though sample size from this locality was small (n .. 5). l1ahooru; from 

Zoetfontein appeared to ha\e higher qualit) diets than those: from Well!evonden. but the 

dirr~'Tl!nce is not significant (p>O.05). Notably. faeces from Bushman"s J'ainung had the 

highest concentration of protein of 1111 sleep sites in WelgevOIxkn. and baboons from this 

area also had s lightly higher faecal slle values in September (Figs. 5.133 It d; Table 5.4). 

Thus. within Welge\onden. hIgh dietar) quality Itllgbt be correlated with a grc:ner intHke of 

IJC·enriched foods. 1be o~t'" pattern is obser."Cd for the W:nerberg as a whole if 

7..oo."Ifootc1I1 is Included 111 thr analysis. 
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Figur. 5.13- Box pIot5 "';111 means. Slandilfll devlatloos, .1'Id ouUiert. showing Muo ... al eeoIogoc:.l van.l/on 

in baboons /rom VillOuS microhabitalS in the Willerberg frem faecal aoalytlt 
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W$lge~cnden Bushman', Painting Sep! 25 -198 " .. 3 63 3.2 0.6 

"'" 20 -21 0 " '" U. 23 O. 

"'~ 50. 20 -21 5 " '" "2 25 " Jo" 20 -21 3 ,. 
'" '" .. 03 

TshelShepl So. 20 -2 1 0 ,. 
'" " 20 02 

Jo" " -212 " '3' '" 23 " MOISwedi So. , .,. " 87' ... 28 " " .. ~ .." , -18. 20 .. , '" " .. 
"'" .. -21.2 U 53,3 .u 2.3 .. 

5.2.4. Srullnal il) in the Kruger Park 

As was the o;ase in the Waterbcrg. Kruger P:lrk gr.uers and broYo'Sl.-rs exhibited hule or 

no seasonal chanGes Ul faecal IiIlC values (Fig. S. 14a & b; Table 5.3). Mixed·feeding 

impala also d,spl~)cd IlQ siGnificant ~ dietary nlJctl.L:ltion~. II is surprising IMI 

impala didS did not w!)' scason.aIly. as these: animals ha~e been reported 10 displu~ 

rudically du:w)' shins from 5I:3SOn 10 Sl:lIS<)n (Meissner ", 01.. 1996; Smith , 2003. 

IUlpubllshcd data) 

Inboon diets shined from an a~cragc calculnted 85". utilization of C)·based foods in 

June 10 ml>re than 90"/. C)-fct!dini III JWlUary (F ig 5. 14h; Tablt; SA) Grass Ii"C values did 

II()( elWlnG!: so:asonally 10 Kruger f'Pfk by Il$ much ali in the Walerberg. and thus monthly 
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diff<:rence~ in faecal ,sllC values are eonsidcl'I:d 10 reflect lruc dictary varinlions. The 

significantly lower (p<O.OOO3) utilizalion of 4-based n:SOUfCes by baboons in January is 

nol surprising. sine.: Ihe period between Junc 2002 ~nd JanuJry 2003 was panicularly dry. 

It could be cxpcl:lcd lhol after h.-avy raill$ lhere would be an increase in thco availability of 

palatable grasses in Kruger Parie It is JXlssible. but I10t testable u$ing these clula. Ih~\ 

baboons may only increase their inta].;e of grasses in this an:a during higher rainfall periods.. 

PaneffiS of variation in O'~ values of gnuer. browser. and impala fUl.""(;es (Fig. 5.14e: 

Table 5.3) wen: similar \0 thost oOOl..-rvecl in the Wa\erberg. Trophic levcl fco:ding 

differences wcore evident in faecal 3'~ values in Kruger Park, in lhot lions (Pall/hera leo) 

had faCl:es roughly 310 5·! .. more enriched in ''N lhan hcrbi~orcs (Fig. 5.14;::). Baboons 

had low faecul O'5N values. although these were I10t the most I~N-depleted amongst Kruger 

Park mammuls.. This obs.:rvmion again confounds separation of trophic l~vel feeding by 

Ii'JN nnalysi$. ntleast for omnivores. 

In June. browsing spe<:ies and imp.da had fal""CCs with hl!1her o'~ \'alucs than did 

grazers. whereas in January. browscr fueces were the mOSI I~'-dcpleted. Only the changco in 

gTllZCr o'~N values is significant (p<:O.OOO2). which follows the 5ea;iOnallrend observed in 

Kruger Park gross ,s' lN values. Baboon fllC"Ces wc:re as depleted in l'N as were graur 

fa..'Ces in June, but were significllntly more enriched in January (p<:O.OOOI). Baboons and 

grazers in Kruger Park, therefore. exhibited the same sea'iOnal JXIltem in faccalli1!N \·alucs. 

even though baboon faecal Ii 11C values indiC1ltL""\I very lill Ie utilization of gruss in this area. 

Kruger Park manunals had faeces showing similar lI~nds in crude prolein cunlent as did 

Waterberg manlmals. Baboons and browsers had the highest faccal protein levels.. followed 

by im",,1n. whil" grazer fDec"" had low protein conc<.""nlr.llions (Fig. 5.14d; T3ble 5.3). 

Except for browsers. in which faecal protein dCl:reascd belwecn June and January. Kruger 

mammal faeces showed D higher crude protein conleOl in Jllnllnry lIS compared to June. 

This p;tllcm corresponds 10 seasonal changes observed in faecal O'~ valuo:s of these 

animals (Fig. 5.14c). 
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5.2.5. The Kruger Park lbboon8 

The Kruger Park baboon faeces displayed II lower runge of ;sDe "alues than those ofthc 

Wnlerberg. which is surprising given the vari<'lY t)f micmhnbit31s that ex ist in Kruger. 

Baboons showed a significant scasonal shift tt) 10\\1'T ;SUC valul'S in Jnnuary (p<O.OOO3; sec 

S.2.4 abo\·e). Faeces from Stevenson Hamilton had mcan SllC values thaI were 

significant ly lower (p<O.OOOI) from uther collection sites. but further siKnitican\ dit.'iary 

dim:n:nces oc\\I'CCn areas wen: not obscrved (Fig. 5. 1 Sa & b: Table S.4). The lack of intro­

habitat variabil ity observed in baboon faecal ane values indicates thaI incorpomtion of 

human food items did not significantly alter the carbon isotopic composition of lheir diets. 

Faecal ol !N \'alut.'S ofbabooos. on the other hand. ma) h;m" been affected b) feedi ng 00 

hum3i\ foods. Tiles!.' values \\1're highest in arca.~ (Sabie-Skukuza; LO\\cr Sabie Bridge) 

where baboons would commonly consume human fllod items (p<O.OOO3). as well as at 

Stevenson Hamilton (Fig. S.15c). Stevenson Hamilton is not si ll.llI1ed on an arterial road, 

but high faeea! Sl~ values in this a1'COl could indicate that tourist hand-outs an: common 

here. It is suggested that high faecal /lI$N "alucs might be a response to feeding (III humnn 

dietary items. liS these would be highly digestible, increasing excretion of t'N~nriched 

prote in in facces {sec Steele & Daniel. 1978; Sponheimer ('I lll .. 20033). 

Crude protein in baboon fneces did not ditTcr bct\\eeTl aTl) of tile sites sampled. iUld was 

not correlated with the patterns observcU in mean SlsN values (Fig. 5.15d: T3ble 5.4), Thi~ 

show~ Ihat Krogl'T baboons living in areas with low!."r tourist densities have diets of a~ high 

protein content. and hence nutritional quality. as those that Tqlularl)' consume human food 

items. 
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5..2.6. Summary or Rnull~ rrom faeen 

The result, obtained frum foe<:e:s provide the most important insighls inlo baboon 

f~inK ewlog) for this study. includmg the following: 

Waterbc."i baboon [at'l;es were about 4% .. more enriched m I' e. on average. 

compared 10 those from Kruger Park 

Ilaboon faecal <'IIJC values exhibited a wide range in the Walernerg. while mcans 

did 001 :IDc)\'. any spalial separntion in different pans of Kruger PIlflr:: 

Consumption of ";"plwrbiu ingem. and possibly other succulent plants. weTC 

reflected by /'inC values ufbuboon faeccs III the Walerbcrg 

I'erccmnlle ni trogen in ooboon faeces was consistcnlly relw .. "Cn 2 and 3.5 Ln "'I 

Seasonal chunllCS in dula oblained from baboon foe<:e:o; were minimal 

Baboon faeces ""ere c:onsiSlemly IUllOOgsl the lowest in <'I I~ for all mammal5pC'Cics 

5.3. SHiMI AnMI) sis or UMboon llain 

Intra-individupl and seasonal dietary ~'ariabilily in baboons "'"35 ol:>ser\'cd in serial 

isotopic lUlalysis of hair strands Wig. 5.16 10 5 II). Dld.tissue fractionation of stable 

carbon isotopes in hair is - 3-/ .. (e.,. SponheimCT tl aI. 2001b). thus -end-memlxr- <'I lle 

.. alues for haiT are hilliler than lhose: for 1Uec:es. Variability 10 <'I"C values. and hence 

Sl'lI3Onal diela!)' variability. WItS greater m the Walerne'1lhan in Kruger Par\,:. bul hairs 

from onl) one KrolltT Park ,ndi.idual ""re analy.ccd. Baboon faeces also shOWN higher 

<'Ille 'anahLlily in the W.ICT~rg t/wln in Krug~r. thus II ~Jlmilar resull oblilmed from hair 

analysLs;s nut ~urprising. 

In lig. 5.16to 5.18. rwghly cyclical trends in <'IuC wld /'i u N value, are evident for most 

haiB. If babDon hairs WU'" al II Similar mle to mllC1lques. i e. on overuge lem per month 

( Inagili &. Nigi. 1988). then eo,'eL)' 2em segment cOlTCSpOnds roughly 10 IWO monlhs of 

grtIwth.. Therefore. hairs of 12cm in length repr\'SCnl Qoout one yCQr of gro\\1h, lind longer 

haiB reflect dietary shifts o"er an c.1:" longer time pmod. 

<'Ille values tend to show lemporal variability In the opposite direction of temporal 

fluctualions in <'I"N .. alues (especially in UCTIJ 9789, 979 1. 9795. and 9797), but these:: 

variables arc: nOi cons;slclllly correlated (i - O.OIlS 10 0.5353). 
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Ind ividual WlItLTbcrg baboon hair stronds showed changes in a ile '':Ilues in tIM: order of 

J 10 4"1 .. ( FillS. 5 16 & 5.17). From pIon! al'e values :md tIM: dict-tissllC" froctioll:l.liOll fador 

for hair (1lS discussed in Chapter 4). vllriobilit) in hair olle ,-allies correspond to temporal 

dietary s hifts of between 20 and 30% in tIM: omount of e r bascd foods consumed. o Ue 

values probably underestimate these temporal dietary fluctuations. l!.i\'cn the rellllivdy ~Io\\ 

mtenulltion time belwL'Cn the ClllOOn in hair IOd that of the diet (Jones e/ ul .• 1981 ; 

Sponheimer <'I a/ ., 200)b). Ht~c. indiliduals in tAt Waterbc:rg likely Iud tempo!'31 dietary 

chnng\$ greater than 30%. Results frum f3e(:" indicate that IlC-l:"1lrichcd itcll1$. such IIlI 

s uccu lent plants. grasses, and fru,". "'<'rt: consumed by b3boons in combinoo amounts 

fluctuating bet"'·l'ell - 10 ond 50%. Variability in olJe ,·allieS of h/llr indicates greater 

temporal diclury changes than do fliltCl:S. lilcl} du .. to the flilttlhllt OIlly 1 ..... 0 seasons· worth 

offlleces were obtllinc:d. lind bt.'Ca~ o f 10", rainfall during the .§tudy period. 

lil'N IlIlues in baboon hairs from the Waterbt.'f& elIOhlbitcd fl uctU:lI ions ofbctwcen 2 and 

)"1 ... (Fig. 5.16). ol'N pancms along hair strands nllly reflc<:t climatic changes throullhout 

lhe 5Casonal C)· clc, but the poor c:orrcbtiOll hctwct.""!l O"C and oUN crelltes unccrtainty as to 

'" hich season is refle<:ted by each JCJOIDCnt of hair It is more likely that thl: plIllem observed 

ill li"N values rellecl!il temporal cOOilges in the qualit) of d lcts consumed. but further 

information on nitrogell iSQIOflC frDCtion:ttion In INImmll15, particularlY primatcs, is required 

10 tcst this. 

One hair from the Wat~bcrg (UC"III 9790) di spluyed an aboormally high deviotlon in 

/l I' N ,·alues of 0 .4 to 1 1.6"1. (Fi,.. 5.17). The two sections of hair thm c)(hibil~d thi s r~sull 

were udjacCDt to each other, IIfld both h:Id em ratlQ5 \\,Ihm the normal rntlge for proteins 

(s« Appcndi~ III). Thus. the results C::tnDOt be :tnnbutc:d to anal)1ical error . The sharp 

increase ill /lu N. followed immcdimcly by a radical dc.'Cl inc. likely reflC~15 D single e,·ent 

during the individual' s life. Tbcse t'xtremcl) '·Dtlllnt/ll~ values m~y indicme dietary stress 

(e.g. Schoeninger e/ m .. 1999). On present e\ idcncc, thi~ iluo;-rptctation is not testablo;- . 

Three hairs from a single Kruller Par\.: individUllI " ·cre analYl.ed (Fill . 5. I 8). All of lhe~ 

hoo /IDe ,·al~ rllf1ging from rtlughly - 1'1 to -2t ~/_ indi~ting a similnr lcvel of reliance 

OIl Cl -based foods ll'I observed in faeces from Kruger ParI.. ol}N values alonl? these hair 

$tr.lnds "'ere /"Clathel), stotic . .... ith o nly one seclion from one strand ("' lIoir A~) dev lallng 

by more than I-I .. from the a,·cragc value. It is impo$Sible to makc gcn!.'ralizations about 
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Flgu ... 5.16 _ Lw.. graphS 01 ~"C (\aft axis) and 6' "N (righl axis) values obta,ned from serial analysis of 

baboon ha;.. .11'lJI1dS from \he Walelberg, sampled In 2= increments. The mosl ntOIInl growtiIls al\he hal 

I00I. (furthesl left on the .·axl. 01 each plot). WlIl1 the oIdeSl grow1h allhe lip of Ihe hao .. (funt>el right along 

11M .~es). 
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intra-individual dietary variability ror Kruger baboons rrom !rueh a small sample 5~C 

Nevertheless, the results of this analysis indicate that differc:m haiB from the $lIIl1e 

Individual yield compatible results. e\lcn thougll in some CIISC'S differc:m life stages may be 

Ttcordcd. llli~ demonstrates tile appropnatcnl'SS of intC1']lf"Cting dietary flexibility from 

isotopic analysis of baboon lIail'$ from the Watc~rg. 

UCT 9790 

-Ie 0 
-17.0 
·18.0 

--\~ °1 .. ,,9.0 
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_21.0 

-22.0 , , • • • " " " em From Root 
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" " ro 

_ _ i"·e .... 
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Figura 5.17 - Line graphs 0I6"C (left aJds) and 6 liN (rig~t 

illUI) vaIuft obtained IIQm HriatlllWlly$Is 01 a hall strand. 

sampled In km Incfamantl.lrom II Wa!efbe<g baboon 

di$fIla)'W"lg an unusuaDy high 6"N IlucI .... Uon. The ITIOSt_t 

growth 1$ al ~ h;tir root (furttlesllflft on lh8l(·aKls). with the 

oIdeSlliJl"DWIt> at N lip altha heir (rurtMr right along lhe x-

""". 
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Figure 5.18 - Line graphs of 6"C (left 8XU11) and 6"N (right axiI.) valuas obtained from &erial anaIysls 013 

bilboon hair strands 01 the same indiVidual from \he Kruger Park. 5iJlT1p!ed In 2cm Increments The me.t 

recent growth Is al the half roots (Il.rthest left onlha K-8XIS of each pIoIJ. WlIh lila oIdast gl'OWlh at 1he lip 01 

the hili's (1I.lIther right along !he )(·axas). 

s .... nun~ Collag~n . Tooth D~ntlne Collagen, and Tooth Enam~1 

S.4.I . lknlineeollal:~n 

Intra·individual vanab,lity of aile and a '~ \·;;tlucs in ooboon looth dentine was Iowa­

than Wt obscn'ed In hai r (Fi&S. 5. 19 to S.21 ). End-lTII:fIlbcr aile \'alucs for collag~n are 

lIiglier than those: for hair. due to the dict·collagen fraclionatiofl facto!" being 4.S 10 S~/"" 

(c.g. Ambrose: & NOff. 1993). 

a'le values nuctuated by :lmOllnlS of only 2·1 ... wlthtn mdil'iduals. gcncra lly rangin{! 

from about - 21 to ·19"/_ a"N w lues ..... ere n:lalh'Cly high. betwcen 8 and 9"1.." bUll'Cldom 

\"llricd by more than I-I ... within an IndIVidual. The low i$Olopic vari:uion is $OfIIcwh:1I 

surprising, since Inc time period CO\'cred by sene1 analys is of molar 1000h rows. if 

accOfllanec with apposition ratl:$, suggests that sc\'cral years of ecological information at{ 
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~vinced in the data. One has \0 consilkr that the pcricxl l'L-Prl:SI.'1Ited hy necessarily erode 

sampling may be longer than that covered by hair sct:tions. Low variability in dentine serial 

analyses is thus probahly aUributablc 10 crude sampling of dentine sections of ' l mm in 

diameter. creating overlap in the growth lines sampled. tbereb)' decreasing variability of 

isotopic series. 

The cyclical trends obscr.'ro in hairs are absent from dentine series. owing primarily to 

the lack of variabil ity in 1)1~ values withlrl individualanimais. Teeth data do. however. 

indicule that baboons did change their diets through time. Shifts in 1) llC values from the 

earliest forming tooth (M il to the most recently fonned toom (M) were nO! in the same 

direction for all individua ls. suggesting that an anima1"5 age d()c.~ 1"101 affect the ml io I1f Cl 

10 C. items consumed. 

It is CO(lCludcd here that scrull lllJ.llysis of a'le in tooth dcntine collagcn offer some 

insights illto bitbooll l"t'ological variabilil). bUI lhese results heavily llllden::slimate dietary 

nuclual ions liS compared to fIlL'CeS. lind e\Cn hair. 1) IIN vlllues in tooth dentine are even less 

variable th[lfl arc f, lle \·alucs. indicating a slower tumo'-cr rule of hody pool nitrol!-en than 

for carbon. Thus serial anal)'sis of SUN in teeth is I\Ot al all informal iH~ aboul ecological 

\llll"iubili ty. 
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ihal doed in 1986 (dealtl 01 TM 911 was \926). 
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HisrUTlcal ComparlSQI1 

A comparison of ""lIe values obtained from diffcrem tet:th of different individuals 

tc\"ealcd information about dietary variability over a n:hllivcly Ionl! time period Fig. S.22 

presents resulls comparing the calculated percentage dietary Cj, as obso.'f\·ed in ""He values 

of !he various teeth. and whole bone collagen, or individuals from the Waterberg and from 

Blydepoof1. which is situattd in a similar low\cld habitat 3Soccurs in Kruger Park. 

Boot: IUId denlint' collagen from Zoelfonlein specimens renCCted similar dielary habits 

3$ infcrTed from faecal ""lie values, helJlg rouildy CXW. C,-based. In contrast with results 

obtained from Kroger Parle faeces. lhe BlydePDOn baboons apparent ly consumed less C, 

(-70 to ItS%) than did those from the Waterheril region (Ellisras: - itO to 1000/0). Since the 

museum specimens lived almOSI IWO decades ago (and TM 911 lived in the very early 

1900's), the mOSt plausible explanation is that baboon dieUl have chaniled in response to 

habitat shifts. 

The reclamation of agricultural land for wildlife coIISCT\'mion during the 1990·5 appears 

to have providl-d the Waterberg baboons with the opponllllity to feed on savanna-based 

resoun:es thaI had previously been detC'riorated in the region. As s~1Cd by d!ll8. from the 

I:JI)depoon specimens, the 1oW\'cld hahitllt prc\'iously offered a SIgnifier-II proponion of 

consumable savanna-b~ resources 10 baboom. Modem f8o.'Cai s"e values indic.atc that 

in Kruger I'ark. t~ resources have become depleted. or IlRl lalitly i¥nored by the 

baboons of today. FlICtorll inctLiding bush encroachment and increased consumption of 

human food uems may ha\e comnbutcd 10 the d ieta!) shift in I~ towveld habilal$, 
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Figure 5.22 _ Box plots w,th means and standard de~,aloons showing fiuctua~ons in the per<:enl3ge of 

C,-based foods In the diets 01 ind ividual baboons as renected by s"e ~alues 01 bone collagen a 1<1 

seria l sampUng 01 denbne col lagen from those Individuals from Iha lowvald. Elhsras. and Zoe:follein 
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5.4.2. Tooth Enamel 

Tooth ellMltl earbonate from all molar teeth available WDS analyud for .slle and .s"0 

values (see Appendix IV). In order to provide a more direct oomparison with data from 

fossi l material. The data obtaincd represents the entire enwncl surfllCe of each tooth. IS this 

was n<:CcssaJ'y to remove suffic·ienl sample for isotopic nlCasun:ments . 

.slle tlnd .s"0 valu", in specimens frum the low\'eld and from the Wutetberg .... 'l;'re both 

r.mdoml) di5tribulCd. with 00 spatial or temporal p.:mem5 being evidcnt..s lle \aluc! from 

tooth t'rmmd c~rbonute did oot display great variability. ranKing from - -13.5 to - 10_0"/ ... 

Given the diet-enamel carbonate fractionation foclOr for .sIlC of - 11.5 10 lJ~/ .. (e.g. Lee­

Thorp O!/ III .. 1989b). these values suggest u diet ranging bet\\'CCn - 100 nnd 8O"t. CJ. 

6110 values were highly variable. between - -1-3.0 and -3,0"/_ being a:msistcnt with 

li"O ''Illucs for othcr mwnmal spceie.~ pre\-iously analyzed from Morea Estate, also si tuated 

In the Limpopo Province. South Africa (Sponhcimer & Ltt-Thorp. 200 1). No consistent 

difference ",llS found in 6110 \-WUCS belween specimem from the Waterberg ~d those from 

the 10W\lcld. This is 5urprisina.1:S the two sulCly a!1!'Uli are approximately 600lm apan. frum 

east to wesl. The resuh suggc5l.'l that climatic diffe!1!'11CeS between the tWQ fC1lion, do not 

affect. evcn indirectly. baboon ti~suc oxygen isotopes, as would be expected (e .g . Smilh. 

2003, pel'S. comm.). No other mammal speciH' looth enamel WlI.S analyzcd. and hence it i, 

impossible 10 draw conclusions about Ihe dT~ts of such factoT'S as differential \\'Iller 

50urees and body si>':C on baboon 6"0 values. 

PIOlllng en:unc:1 e:uborsate aile and 0 '.0 values for different teeth (1\'1 I. M2. and MJ) of 

c:acb inodividu.'ll s:\mplcd. also rc:\'caled no di$Cemible patterns. Nevertheless. these rcsulU 

are directly comparable with re~ulL5 from fo~si l primllIe toOth en:uncl. and 1m: used here 10 

usiSi WIth InterpretatIons of ecological behaviour in Plcistoccrle ecn:opith«oids. 

5.5. Comparuon Ilf R~lult, fnlm J)Irrrrtnt Tislul'!I 

Different tissucs differed in Lhe Iype and scale of I;C()logical information rach provided. 

Toole 5.5 presenlll u COm pari50n between allc VlIlucs lind calculated pc~ntage dIetary CJ 

from each tissue. Because calcul:mons of percentagc dietary C} incorporated published 

diet-tissue frnctionllIion faclors. this comparison is more appropriately represented in Fig. 

5.23. indicating differences in dieUlr)' variability D$ rcfleo::ted in each type of material. 
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Table S.s. Companson d 6''c values and dietary vanab,1oty bttw Mtl bebOO\'l tISSues 

&"C E.I. '%C, 
A, Jon TI_ n tlnctsl n (Samples) -, SO ." ... -, SO "" ... 

w,,_ -- , , -188 " _197 -17 <I '" " '" 90' 
o.mine"~, 6 103 -198 " ·229 _176 913 " '" 1000 
Enemel carbonate • " -11 9 " -13 2 -103 92,1 '3 ." 1000 
Ho, , " -190 " -21 2 -166 ,>6 .. ,eo BB,3 
FHeM (september) ". ". -21.7 '0 ·25 . _185 803 '" 33' '58 
FHCe$ (January) " " -2 1.2 " ·252 -17.8 '" 12.5 25.B '" ,-- ". '" -215 7.' ·25.<1 -165 .. , '" '" '" 

""",Id Bon.col~ , , -IB.3 7.3 ·193 _17 . 751 " 88' '" Deotlne collagen • 36 -19,0 L2 -22.1 .167 781 " '38 1000 
Enamel carbonate • , -11.7 09 .12.9 -103 '" .. ". 92.7 

Klug ... Park Hair" 7 " -19.8 " ·21 2 ·188 '50 50 '" '" Faecet (June) 50 '" -25 1 " -272 -235 85,0 ••• '" '" Fate .. (Jenulry) 38 38 -263 7.' -283 -2 1 9 '27 79 '" 1000 
FlMlClla Pooled .. B6 -25,6 " -28.3 -219 88.0 " '" 700 0 

In oolh the Woterbcrg Ilnd the.- Kruge.-r Park. f&eee.-s exhibitc.-d !he greatest ckgrc.-e.- of 

die1llf)' vorill1ion. This rnuh is IlOt surprising, sioce farees represc.-n.t diet in !he orde.-r of 

only D fC'o'o dll)s. Dalll from hai r in !he WOlerbcTg also suggestc.-d 0 mtSonable al'l'lOUnt of 

variotion in baboon diets through time. Dcnti~ oollngm from Kruger Pad. specimens 

displayc.-d D simil3l" lllIlOunt o f dietary \'an",birity as faa;es fmm the same area. Some o f thIS 

con be atlnbuted to the txtmdcd time scllle pro,·idcd by the specimens from \\-here s:mtples 

weI'C obla.in.cd. 60~ eollttgen IIIJd enamel ca.rbonnte 81'e 110 indiCation o f dielaJy ,·ariabihty 

IICI'OSS time In baboons. Dentine ooltttgcn would probablY M'·I: yielded a similar result, h!ld 

specimens bcc1! oblamcd from tM sall'lC time period. These l'CSults demonstrnll,' that skeletal 

tissues. although pro\'idmg longer-term dietary uvcnlgcs. undCI'L'Stltnate dietary vunubilaty. 

e,en in serilll nnnlysis, 

The large number of foecnl somplcs 1Ir1(11)".lCd docs not woolly account for the greater 

\·ariability observed in fnet",1 isotopic valw,. since II large number o r hair and dentine 

collagen samplCi were obtamed by serial I'Ir1:Ilysis. Greater variobililY would probably 001 

June been observed in hair. bone, and tooth m~lerilll. n:spo . .'cthely. had the number of 

individuals 5IImplc.-d been incrcrlSc.-d, gh'en the IIllenu.,tion time req uired for tissue growth 10 

rcach equilibrium with an o.nimal'~ diet. Fo.etCl> SI:em to be the most appropriate mPleriai 
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ror dicllll) studies of modem faUrlU I ivinll in wild sItuations. pro, iding the most accu.rJ.tc 

ren~chon oflme e<:oloikal variubility within taxa in uny one cnvironmcm. However. roa 

maximum resolution, these ~uirc c{)Illinuous collection. 
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S., . Cueopilhec:oids ofth~ South Afriam rl~inoc~ne 

A summary of ouC lU1d 0110 values obtulIled from f~~i l primal~ tooth enamel 

cnrbonale is prcSl::nted in Table 5.6. All discussed in chaPlet 4. a Jail!e number of specimens 

yidded poor Il$ults for one anal}sis. and more so In their 5110 w.llIC:s. likely doc I{) the 

presence of glue. An enlire Jist ofthesc: rcsuJb is displa)'cd in Appendix V. Spe<:imens that 

yielded poor results arc: omiued from the results in Table 5.6. 

SpecimclU SKX 2800 (idenlified as I'uplo (Dim,pil~flU) ingtm) lU1d SK 246] S 

(identified ali I'urupupio j ones,) sho .. '\:d slle \'a]~ more consistent With "alues ex~ted 

for The~()pilhet:US f)SK'uIJi (sec: Lee-lborp. 1989a) or CtrCfJpilhuoides '",illlumsi (sec l.uyl. 

2(01). Spc:cilTK1ls SKX 2800 and SK 2-'6 15 are 001 included in the (ollo"'lI1g dlSl:ussion 

doc to the likely la'Woomic confusion. 

Tabte 5.6. Mean /i"C and /ilia values !of new+y ~'-d loud primate taxa !rom Swartlu"ans 
Membefs 1 and 2 

TIieropilh6clJs oswaldi "' 5 ·2.B " • •• " Tlletopilhecus oswaldl "' 
, -" 

Parapapio jOrfeSl ",. • ., " 
, ·32 " Papio (DIfIOpiI/MK;U$) ongens "' • -02 " J -J5 05 

Pilpio robinsonl "' • -" " P8f)io robinsoni "' J •• " 
Apan from specimens th:u yielded poor results, fossil primat" e,rnibited OI~C values 

within the C, and C. Mend_membc:T' fllftge observed in previously PJblishcd datil for 

browsers and gnv.crs from Swlll1kn1ns (J.cc..Thorp el al., 198911; Lee·Thorp & van der 

Merv .. e. 1993). Hence. all prim:lle tllXa utilized II mixtun- of bolh C)- and C.-based 

resoun;cs. Nooc: of these taxa had tooth enarroel carbonate S"C ~~ltIeS similar 10 modem 

baboons. .. ilieh arc: more depleted In IlC. Taking inlO account the depiction of Ile in 

atmospheric Co,. during the twentieth century (e.g. Marino .t: McElroy. 199]), the dkt of 

C. williams; most clOf,Cly resembles Ilml of modem ~boons. liowe\n. faecal and hair data 

or modem baboons 5lI!;l:CSIS greater ulilintion or "C-I,.-nriched !"dOurce.$ than does en:unel 
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carbonate". and thus it is more likel)' thm P(lpin roitlru(1II; and al least some members of the 

genus Parapapia had feedinill'Cologics Qlin 10 modern baboons. 

CefCflpilitecoidl'l ",iJ/iumsi (considered \0 be II colobine monk!!')'. e.g. [)elson. 1992) had 

aile values indicating a IlCdeple11.'d diet. allhough one spt."Cimen had a aile valuc of-

7.2"1_ reflecting a high ulihzauon of C4'basc,"II resources by this individual. Titl'ropirituu~ 

iIS"aldi from bolh Mem~'fS I and 2 ha.l aile \'alun indicating II grass-based diet o r 

bet\\een rough!) 80 and 100"1ii e~. The remainilll fossil baboons had a l1e uJucs lhat wcn: 

ta: .. onomically indistinct. wIth the mngcs oHTlappmg m all eascs. Parupapia janeT; had 

similar ;SIlt: .-alues 10 Papia roltlfuaol rl'OOl Member 2. Papin roitin.mni from Mccmber I 

WCTC slightly more ccnnched in "C. bul oot ekarJ)' different from Member 2 specimens. 

Papia (Dillapilhec-ll5) In1(l:tI$ had the most depleted mmn olle values of all bOlboon I.II.'(a. 

but again the mngcc ofvalucs ovalapped with both f'upia robimani and Parapapia jane.fI. 

The most ncgalivcc 0"0 "olucs wen: obscrvL'Ii in TlwfflpiliteclI5 a5Wllldl. This rna} 

wt1CCt greater reliance on drinking Wllier b)' this II1.~On lhan olher primale sJlCciccs (e.g 

Sponhcima & Lee-Thorp. 2001). which would be expecled for II pT<:dominllnlly grazinl! 

mammal. Cercapllhecoiliel' ... IIliwnf; had IlK: highest 0"0 "alues. while the baboom 

P/JrujKlpia jalfl'si and P/Jpia rn/t;,uom had /It'O \ulucs inlcnncdiale bc!\\el" thai of T. 

as ... ·nldi and C. ,,"/fill/nisi. 

J're\'ious]y pubhshed data for some I'leisloccnc ccrcopitheooids from the Sierkfonieir 

Valley (I...ee-lborp 1" ill .. 198%. Lee-Thorp & \"aJ\ del' Mcrwc. 199); Lu},. 2001) art. 

5ummartzed in Table 5_'. 1\"0 values for somc of Ihcsc spL'Cimcns an: presented by Lee· 

Tho,p (2(02), bul these \\1."" obt:uned using earlier. incompatible pre1n:lIlIllcm melhods 

and an: therefore 001 included here:, Spc:clmcns an3JYled by Luyl (2001) only Include IhoS( 

!Tom StcrkfonlCin M<,mbcr 4, since the specimms shc analYled from Member 5 WCTC 1'10' 

idenlified 10 genus ll:\el. 

A similar dislriootion of olle values In CucIJpilhecOid/>j williamsl is reponed by Luy 

(2001) lIS is obserV<'d in the ,urrenl dala. wilh some mdi\'idua)s being fllr more Ile. 

ennehcd lhan olhers. l-l ence, it may be concluded thai C ""1I!ia"~fi specimens eluSler tnt,. 

1\\0 dielaC)' groupings: lho:ie wilh a e.·duminated diel (combined n" 3). and Ihose IIhoo", 

diets were hea"ily Crbased (combined,. - 5J. This rrmy be due 10 misidentlficalion o· 

~pecimcns. Ihe presence of more: than one SpeCies of Cercopllhemides in Soulh African 
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I'leistocene deposits. or sex and age relill.ed dietary differences between individuals. T1u: 

laner seems highly unlikely. however. g;ven the large hlOtopie diflcrence between the twO 

groups. and the lock ortlle sex and ag~ distin~tion in modt:m Pupio Uf.";I1//I>', 

Tilble 5.7. Prell!OUsly published mailn /i"C and /i"0 values lor fossil primate tiIXa from Swankrans 
Members 1 and 2 (from lee-Thorp el III . 1989a and lee-Thorp 8. van der MeIWe. 19931. and from 
Sterkfontein Member 4 (from luyt. 2001) 

Swartkrans 5 -2.1 20 lee-Thorp6t1ll . 1969a 

Papin (Dinop/tMcUS) Ingens Swartkrans , -106 " Lee-Thorp 8. van der Merwe, 1993 
PlNapapio jonesi Swal1krans , -11 2 " lee-Tharp 8. van der Merwe. 1994 

Csrr;;opi/heC(lideS williamsi Ste<1<fonteln 5 ·93 " • " 1.9 luyt (2001) 
Parapapio broomi Ster1<fontein 5 ~, 'A , -" 14 luyt(2001) 
Plmlpapio jonesi Sterklontern , -6,4 " 

, -" 06luyt(2001) 
ParapaplO whdel Sterklonteln , -10,3 " , -" 27 Luyt(2001) 

Mean olle values for Thcropilhecwi oswuidJ pI.Iblish~d in Lee-Thorp el ai, (198911) 

correspond Ilell to \'alues from CUJTeI1t specimens. olle I'alues of Papio ro/)il1son/ appear to 

form tWO isotopically distinct groups. Newly analyzed specimeru; are between 3 and 4"/'Q 

enriched in IlC compared to those presented by Lee·Thorp ci al. (1989a). Difficulties due 

to difTcuonces between <,arlier pretreatment methods and those follol\oo in tltt: currenl slOdy 

can be ruled out here. Luyt (2001) and .... an der Mel'lle tt uf. (2003) showed that tll<' effect 

of these different pretreatment methoili minimally influence slle values. Secondly. the 

range of slle values in newly analyzed specimens of 1: onn,"'i did not differ consistently 

with previously reponed values. nor did those of other primate taxa. Therefore. it is 

concluded thll\ anulytical error has not pbyctl a significant rolc in observed variability of P 

robinsoni Ol lC values. lfindccd only onc species is represented, ;1 appears Ihat P robinsoni 

had an cxtremely variable diet. most closely resembling the diet of modem baboon§. 

Caution should be notctl her<', howel· ... r. since thert' b likelihood thaI misidentification nf 

isola\<.'d teeth a«:urrcd. In th.., C\lfTent study. samples w ... n: taken mostly from isolated teeth. 

whereas at leasl some specimens reported on by Lee-Thorp e/ uf. ( 1989a) were from 

maxillary or mandibular rragments. 
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cha]pter pres:ents an interpretatic)n 

teecting ecology as mdllcat(~d chalpter 5. 
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Aplpenldlx I A. Data for Plants from the Ws!terlberg. C,olltlcttld In Selltelnbttr 

9882 WP119 Acacia karroo Bark 
WP117 Acacia karroo 

9882 WP118 Acacia karroo 
9899 ZP011 Acacia mellifera 
9899 ZP012 Acacia mellifera Fruit Zoetfontein -22.8 0.7 
9899 ZP008 Acacia mellifera leaves -25.2 
9899 ZP009 Acacia 4.1 1.8 
9899 Acacia mellifera leaves 3.7 7.0 1.2 
9875 WP102 sp. Nalana -8.9 5.7 39.7 1.4 

sp. Roots Nalana -11.9 13.3 0.7 
ZP024 leaves -10.9 -3.9 53.7 0.5 

9902 ZP023 Roots -11.5 2.4 39.7 0.5 
9902 ZP025 Seeds -10.7 2.3 1.0 

sp. leaves -10.0 3.8 80.3 1.0 
WP081 Aristida sp. 3.1 0.9 

sp. 2.1 0.9 
Arist/da sp. leaves -9.7 2.7 59.8 0.8 

9851 sp. Roots -14.3 1.2 8.8 
WP033 sp. -11.0 58.5 

leaves 3.3 80.3 0.9 
9910 -11.0 1.1 

Roots -10.1 59.1 1.0 
Roots Zoetfontein 0.8 

9909 64.2 1.3 

9910 ZP051 -11.2 1.1 
Combratum Bark Zoetfontein 45.4 

9928 ZP105 Fruit Zoetfontein 8.3 0.7 

9928 leaves 1.8 
9928 ZP102 leaves Zoetfontein 1.7 
9928 ZP103 leaves 
9845 WP017 Combretum Bark -23.9 1.0 0.8 
9845 leaves -24.9 

WP015 leaves 1.2 
9845 leaves -25.0 4.8 1.5 

9845 WP018 Roots -23.3 1.4 41.8 

9888 WP081 textilis Roots Mziki -27.8 38.9 0.7 
textilis Stem Mziki -27.7 24.4 1.1 

9841 WP008 textilis 3.9 
WP009 textilis 3.7 43.9 0.3 

9855 Bark -20.0 2.5 30.8 1.3 

9855 WP041 leaves 4.0 44.0 1.0 
leaves -23.2 2.1 1.0 
leaves 3.8 30.8 
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Aplpenldlx I A I continued 

9849 WP028 
9849 WP025 Leaves 1.0 
9849 WP026 Leaves 1.0 
9849 WP027 Leaves 4.7 34.4 1.0 
9929 ZP109 Bark Zoetfontein -21.4 2.9 38.1 0.9 
9929 ZP106 Leaves Zoetfontein -22.9 3.2 45.5 1.4 

ZP107 Leaves -22.2 2.0 45.2 1.6 
9929 ZP108 Leaves Zoetfontein -21.6 -0.6 7.1 0.9 
9857 WP048 Bark Motswedi -23.8 0.2 47.0 1.2 
9857 WP047 Leaves Motswedi -25.8 1.2 47.8 1.1 
9924 ZP092 Leaves -14.4 1.2 0.8 
9924 ZP091 Roots Zoetfontein -11.8 1.3 59.5 1.3 
9924 ZP093 Seeds Zoetfontein -12.6 3.1 63.5 2.0 
9861 WP060 sp. Bushman's -10.8 1.9 57.8 0.7 
9861 WP059 sp. Roots Bushman's -11.5 3.0 48.4 1.3 
9852 WP035 sp. Leaves Motswedi -10.9 3.5 64.8 1.1 

sp. Seeds Motswedi -10.3 5.1 57.9 0.7 
9917 ZP071 sp. Leaves Zoetfontein -10.4 3.2 67.4 0.7 
9923 ZP089 sp. Leaves Zoetfontein -10.2 2.2 70.1 0.7 
9917 ZP070 sp. Roots -13.0 2.6 8.3 0.2 
9923 ZP088 sp. Roots Zoetfontein -13.9 4.1 8.4 0.4 

ZP072 Seeds -11.6 4.8 1.1 

9923 ZP090 Seeds -10.9 3.3 56.7 0.8 
WP101 Leaves Nalana -12.7 7.2 44.8 1.5 

9848 WP024 Bark -25.2 0.6 33.6 0.4 
WP023 Faurea Leaves -25.9 2.6 47.9 0.8 

9907 ZP039 Ficus sp. Bark -23.9 6.4 41.8 0.9 

9907 ZP040 Ficus sp. Fruit -23.1 11.3 40.9 1.6 

9907 ZP036 Ficus sp. Leaves Zoetfontein -23.9 10.6 43.0 1.3 

9907 ZP037 Ficus sp. Leaves Zoetfontein -25.6 9.6 39.3 1.6 

9907 ZP038 Ficus sp. Leaves Zoetfontein -26.4 8.6 28.4 0.8 

9898 ZP007 Forb 3.9 47.7 0.9 

9919 ZP074 Forb Whole Zoetfontein -25.1 5.3 43.3 1.3 

9911 ZP052 Forb Whole -24.7 4.0 42.5 1.8 

9912 ZP053 Forb Zoetfontein -25.3 4.2 19.8 0.7 

ZP094 Forb Whole Zoetfontein -24.8 2.9 42.5 1.6 

9913 ZP057 Grewia bicolor Bark Zoetfontein 4.9 6.4 0.8 

9913 ZP054 Grewia bicolor Leaves Zoetfontein -27.0 6.2 45.3 2.2 

9913 ZP055 Grewia bicolor Leaves -27.5 6.9 46.0 1.9 

9913 ZP056 Grewia bicolor Leaves -27.1 6.7 42.6 2.0 

9870 Grewia flavescens Bark Mziki -27.5 0.9 46.5 0.7 

9870 WP090 Grewia flavescens Fruit Mziki -23.0 5.8 46.2 0.9 

Grewia flavescens Leaves Mziki -26.4 5.8 47.6 1.8 
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AplPenidlx I A I continued 

9870 WP087 Grewia flavescens Leaves Mziki -25.8 5.8 48.7 1.5 
9870 WP088 Grewia flavescens Leaves Mziki -27.8 5.0 49.2 1.8 
9863 WP065 Grewia occidenta/is Bark Bushman's -26.8 -1.1 31.6 0.9 
9863 Grewia occidentalis Fruit Bushman's -24.7 2.9 46.5 1.0 
9863 WP064 Grewia occidenta/is Leaves Bushman's -27.2 4.9 45.9 1.5 
9914 ZP061 Grewia occidentalis Bark Zoetfontein -24.7 -0.2 45.8 0.5 
9927 ZP099 Grewia occidentalis Bark Zoetfontein -24.9 4.9 43.3 1.0 
9914 ZP062 Grewia occidenta/is Fruit Zoetfontein -24.8 4.7 45.7 1.0 
9927 ZP100 Grewia occidenta/is Fruit Zoetfontein -26.2 3.2 40.3 0.7 
9914 ZP058 Grewia Leaves Zoetfontein -26.2 5.2 46.6 1.6 
9914 ZP059 Grewia Leaves Zoetfontein -26.7 3.7 6.7 1.2 
9914 ZP060 Grewia Leaves -26.1 6.5 43.9 1.9 

ZP096 Grewia Leaves Zoetfontein -27.8 4.8 6.4 1.4 
9927 ZP097 Grewia Leaves Zoetfontein -28.2 5.1 53.9 2.3 
9927 ZP098 Grewia Leaves Zoetfontein -27.1 4.4 6.4 1.3 
9879 WP111 contortus Leaves Acacia -9.6 0.4 65.8 1.0 
9879 WP110 contortus Roots Acacia -10.1 0.5 67.8 1.1 
9879 WP112 contortus Seeds Acacia -9.4 -0.2 64.6 0.8 
9853 WP037 sp. Leaves Motswedi -24.3 4.2 42.1 1.5 
9843 WP010 sp. Leaves and -25.8 -0.4 30.6 1.5 
9867 WP078 Leaves Mziki -9.6 7.5 62.5 1.0 
9867 WP079 Seeds Mziki -8.9 4.0 75.9 1.2 
9864 WP070 Ozoroa Bark Bushman's -26.8 0.7 13.0 0.3 
9864 WP067 Ozoroa Leaves Bushman's -22.4 3.6 62.7 1.2 
9864 WP068 Ozoroa Leaves Bushman's -25.9 8.2 55.0 1.1 
9864 WP069 Ozoroa Leaves Bushman's -24.9 7.5 53.7 1.3 

WPOO6 Pan/cum maximum Leaves and -10.3 2.6 59.1 0.6 
9839 WP005 Panicum maximum Roots and -10.2 1.7 66.4 

ZP034 africanum Bark Zoetfontein -23.0 0.3 6.6 0.6 
9906 ZP035 africanum Fruit Zoetfontein 2.9 6.6 0.7 
9906 ZP031 africanum Leaves Zoetfontein -25.3 5.4 47.5 1.3 

ZP032 africanum Leaves Zoetfontein -24.6 6.0 6.9 0.9 
ZP033 africanum Leaves Zoetfontein -25.0 4.0 7.0 0.8 

Bark Motswedi -25.4 2.1 38.2 0.6 
9859 WP054 Leaves Motswedi -25.4 4.1 46.0 1.2 

Leaves Motswedi -24.8 5.5 48.4 1.2 

9859 WP056 Leaves Motswedi -26.4 4.7 47.4 1.3 
9871 WP094 rotundifolius Bark Mziki -25.6 -3.9 46.7 1.1 

Leaves Mziki -28.4 0.9 56.3 1.2 

9871 WP093 Leaves Mziki -27.4 -1.4 49.3 

9860 WP058 Leaves Motswedi -25.6 2.8 60.4 1.6 

WP085 corda tum Bark Mziki -23.7 5.1 41.7 0.4 

9869 WP082 corda tum Leaves Mzlki -26.8 5.3 38.8 0.9 
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Apl~endlx I A I continued 

9869 WP083 cordatum Leaves Mzikl -25.9 4.1 50.1 1.2 
9869 WP084 cordatum Leaves -24.2 4.3 1.2 
9900 ZP016 Tarmina/ia saricaa Zoetfontein -23.7 0.4 42.2 0.4 
9900 ZP017 Tarmina/ia saricaa Fruit -23.7 4.1 44.4 1.3 

ZP013 0.8 
9900 ZP014 Terminalla sarlcea Leaves Zoetfontein -24.1 46.4 0.8 

ZP015 Tarminalia sarlcea Leaves Zoetfontein -24.7 2.2 46.4 0.5 
WP039 retlnurvus Leaves -25.0 2.1 1.8 

9854 WPQ40 retinurvus -23.7 -1.4 48.3 0.3 
WP074 X/mania caffrs Bark Bushman's -28.7 0.2 36.6 0.7 
WP071 Leaves Bushman's -27.4 2.3 50.7 1.3 
WP072 Ximania Leaves Bushman's 34.0 1.3 

WP073 Leaves Bushman's 50.9 
ZP066 Ximenla caffrs -25.1 45.4 

9915 ZP063 Leaves Zoetfontein 49.3 

ZP064 Ximanla caffrs Leaves 51.3 

ZP065 Ximenla caffrs Leaves Zoetfontein -27.4 53.5 

9883 WP120 mucronata 45.8 
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ApJ~el1ldix I B. Data for Plants from the WSiterlberg, COIiEICtE.d In Jarlualry 2003. 

10166 WP123 Acacia Leaves Bushman's 
10185 WP160 Aristida Motswedi -13.2 4.4 

Roots -12.6 2.4 
Aristida Seeds -12.5 3.3 43.6 

WP125 Aristida sp. Leaves Bushman's -14.5 5.1 48.1 1.3 
WP128 Aristida sp. Leaves Bushman's -13.6 5.6 58.0 0.9 

10167 WP124 Aristida sp. Roots -13.6 3.5 0.6 
10168 WP127 Aristida sp. Roots Bushman's -12.9 2.9 56.7 0.6 

WP126 Aristida sp. -13.0 4.6 45.4 1.1 
10168 sp. -12.7 5.2 45.4 1.3 
10186 WP163 Burkea 0.5 1.4 

WP162 Burkea africana Leaves -27.2 3.4 54.6 1.7 
10169 Combretum 2.8 62.3 1.6 

2.6 0.7 
10167 WP164 -26.0 7.3 58.5 1.7 
10194 -27.3 8.3 56.8 0.9 
10194 -11.6 3.9 45.1 0.6 
10176 WP142 cinarea Bark Mziki -24.1 3.7 47.6 0.7 
10176 WP141 cinerea Mziki 5.6 65.4 3.0 
10186 WP167 -13.0 7.2 54.4 1.6 
10188 eriantha Roots Motswedi 3.7 45.3 0.7 
10188 WP166 eriantha Motswedi 3.7 57.3 1.4 

WP170 Motswedi -25.2 2.9 47.1 
10189 Motswedi -25.7 4.0 63.1 1.7 

WP143 Leaves Mziki -26.6 1.8 62.6 1.1 
10190 WP172 Bark 2.3 61.7 1.4 

Leaves -26.5 1.2 1.5 
WP145 Leaves Mziki -15.5 3.5 44.6 0.9 
WP148 Mziki 1.5 46.3 0.6 
WP147 Leaves Mziki -27.6 -0.1 71.2 1.6 

Nalana -14.7 4.6 44.6 0.6 
Whole 1.1 

10165 WP122 Leaves -27.2 -3.8 66.2 
WP132 Fruit Bushman's -25.3 5.3 45.8 1.7 

10171 WP134 Grewia Fruit Bushman's -25.0 13.5 69.3 1.2 
10170 WP131 Grewia Bushman's -26.9 4.2 68.3 3.4 
10171 Grewia Leaves -25.5 13.4 60.1 3.2 
10172 sp. Whole -27.6 0.2 70.8 
10161 sp. Whole Mzikl -29.8 1.8 2.4 
10191 sp. Whole -26.0 5.5 47.0 1.9 
10182 WP156 Leaves -12.1 6.9 65.5 0.6 
10182 WP157 Mziki -12.5 5.6 1.0 
10192 WP174 Pa/aea Whole 57.4 2.2 
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Aplpenldlx I B I continued 

rotundifolius Bark Mziki 
Leaves 2.2 

WP136 Solanum sp. 7.0 
cordatum Bark -1.3 
cordatum Leaves Mziki 3.3 1.3 

WP176 Vltex mombassae Bark -23.6 61.2 1.3 
WP175 Vltex mombassae Leaves -27.2 58.5 1.9 
WP138 X/menia Bushman's 51.3 
WP137 Leaves Bushman's 
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Data Coillactad In June 2002. 

8978 KP216 exuvialis Leaves -26.8 4.8 44.8 1.4 
8979 KP217 Acacia exuvialis -29.6 -1.3 46.7 0.9 
9021 KP311 Acacia Leaves -28.3 12.2 49.7 2.0 
9022 KP312 Acacia Leaves 2.3 2.1 

Acacia Leaves -28.7 1.8 
KP386 Acacia N'watimvambu R -25.9 1.6 44.1 1.4 
KP387 Acacia Bark R -25.6 0.1 49.2 0.9 

Acacia Bark R -24.4 0.2 49.3 0.7 
KP023 Leaves River -26.9 -0.1 1.6 

9083 KP024 Leaves Crocodile River -29.2 0.3 2.4 
9085 Leaves River -27.3 -0.4 45.2 1.8 
8966 Whole R -10.0 1.2 45.7 0.4 
8967 KP431 Whole N'watimvambu R -11.6 1.6 45.3 0.3 
9008 KP252 No Roots -12.6 3.8 41.1 0.4 

9008-9011 KP253 adscensionis Roots -13.0 3.5 0.4 
Balanites -25.5 8.8 2.0 

8972 KP210 Balanites Leaves 7.8 42.2 1.8 
9047 KP343 -26.1 0.2 1.4 
9048 KP344 1.4 47.4 2.4 
9049 -25.8 1.0 44.1 1.6 
9123 sp. No Roots River -12.0 0.2 0.3 

9123-9124 sp. Crocodile -12.2 0.7 39.4 0.6 
9124 KP069 River -11.6 0.6 0.4 
9061 KP361 Bothriochloa sp. No Roots 1.7 44.1 

sp. -9.4 0.7 0.7 
8964 Bothriochloa sp. No Roots R 1.9 45.8 

8964-8965 KP428 sp. N'watimvambu R 1.9 11.8 0.3 
9002 Chloris No Roots 4.9 41.4 0.5 

KP242 -13.1 42.2 0.5 
8928 KP367 Leaves N'watimvambu R -24.8 3.4 45.7 1.4 

8929 Leaves R -25.6 4.4 45.4 1.2 
8929 Bark R 1.7 0.8 

KP336 Leaves -27.4 5.2 58.5 1.3 
9036 KP331 Combretum imberbe -28.7 4.5 1.0 
9077 7 Leaves -27.4 -0.5 53.7 1.4 
9079 cinerea Leaves Crocodile River -27.3 3.2 54.3 1.6 

KP022 River -27.4 0.5 47.8 1.6 
8936 KP380 cinerea N'watlmvambu R -23.5 2.2 49.8 2.2 

8936 KP381 cinerea Bark R 0.6 45.7 0.9 
8938 KP382 clnarea Leaves R -22.3 1.5 48.4 2.3 

KP383 cinarea Bark R -23.8 46.4 1.1 
KP212 cinerea Leaves -27.6 1.6 40.3 1.1 

8976 cinerea -26.1 44.4 1.4 
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KP028 
KP029 River 

River 1.2 
Whole N'watlmvambu R -12.9 

sp. No Roots -9.6 1.4 
sp. Roots -12.9 

KP264 sp. No Roots -12.9 
9118 No Roots -12.5 0.4 
9119 No Roots 0.3 42.4 

No Roots -9.7 3.3 45.1 
Roots 2.2 8.4 

KP425 No Roots N'watimvambu R -11.5 3.0 45.9 
8963 Roots R 2.9 45.5 

Euclea divinorum Leaves River -28.3 -0.2 SO.3 
Euclea dMnorum Leaves 0.1 SO.5 1.2 

9037 Euclea dMnorum 7.0 8.6 2.9 
Euclea divinorum Leaves 2.7 53.6 0.9 

Whole River 0.6 51.7 
Forb No Roots 2.9 50.9 1.8 

9034 Forb No Roots 5.5 45.0 1.2 
8950 Forb N'watimvambu R 4.6 46.7 1.1 
8951 KP407 Forb R -27.5 7.4 44.2 

KP412 Forb N'watimvambu R 45.4 0.4 
KP228 5.9 0.8 

8991 Forb Whole 4.4 40.2 
8996 KP235 Forb Leaves 40.8 1.2 
8997 Forb -27.4 5.6 1.1 

Grewla River -28.0 7.2 1.2 
sp. River -28.1 1.4 

KP012 Grewia sp. Bark River -26.3 2.5 1.0 
KP398 Grewiasp. R -26.7 1.4 

8946 Grewiasp. Bark N'watimvambu R 2.8 44.7 
8947 KP400 Grewiasp. Fruit N'watlmvambu R -23.5 
8947 Grewiasp. R -29.9 2.4 

8947 Grewiasp. Bark R -29.1 -5.8 1.0 0.0 
KP220 sp. Laaves -27.1 0.8 

8982 KP221 Grewia sp. Fruit -24.5 5.8 44.0 
River -28.5 1.5 0.9 

9074 sp. Leaves River 2.2 41.9 0.9 
sp. -27.4 1.0 
sp. Bark -25.1 2.0 
sp. -25.7 2.1 49.0 1.0 

9128 contortus No Roots -12.6 0.9 
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contortus Roots Crocodile River -12.1 0.8 39.2 0.5 
Whole N'watimvambu R -10.2 0.6 

8992 KP231 0.5 1.0 
KP232 -24.3 0.0 44.2 0.6 
KP233 Fruit -22.8 1.5 

9063 Crocodile River -26.9 2.7 2.3 
KP314 cepassa Leaves -26.3 5.2 44.9 2.2 

Leaves -27.8 1.7 41.0 2.1 
8934 KP377 Leaves R -24.1 2.1 45.2 2.1 

KP378 Bark N'watimvambu R -24.7 0.7 44.3 0.8 
KP240 sp. -12.5 5.4 
KP337 Ozoroasp. Leaves -27.1 3.4 45.1 1.8 

9125 KP070 Pan/cum coloratum No Roots River 1.1 57.9 0.4 
9126 Pan/cum Whole 0.1 54.5 0.4 

KP356 Pan/cum colora tum No Roots -11.5 48.5 0.3 
8957 colora tum No Roots N'watlmvambu R -11.8 1.5 28.3 

8957-8959 KP420 colora tum Roots R -11.6 3.7 29.1 0.7 
KP243 Panicum coloratum No Roots -14.9 41.1 0.5 

9003 KP244 Pan/cum coloratum -12.5 7.0 42.5 1.3 
9003-9004 KP245 Pan/cum coloratum -13.1 3.9 40.5 0.6 

9121 KP065 Panicum maximum River 0.7 
9122 KP066 maximum Crocodile River -12.8 0.9 44.8 0.7 
9056 maximum No Roots -9.8 43.0 0.5 
9056 KP355 Panicum maximum Roots -9.9 0.7 

KP414 maximum No Roots R -10.7 2.7 32.3 0.7 

8955 maximum Seeds R -11.1 2.4 44.2 2.1 

8955-8956 maximum N'watimvambu R -12.5 1.4 21.6 0.5 
9005 KP247 Pan/cum maximum Roots -12.9 4.2 0.5 

9005-9007 maximum Roots -12.3 4.1 39.7 0.5 
9007 KP251 Pan/cum maximum Seeds -12.4 7.3 41.7 1.3 
9131 australis Stems -25.9 5.3 0.3 
9131 KP078 australis Leaves Crocodile River -25.7 8.7 44.1 1.1 

9132 australis Stems Crocodile River -25.3 1.6 
australis Seeds Crocodile River -23.8 3.8 45.2 0.8 

9132 KP081 Crocodile River 5.1 0.7 

9134 Stems Crocodile River -27.7 7.7 40.9 0.3 
Roots Crocodile River -26.3 40.2 

Crocodile 8.4 
9135 KP089 Stems Crocodile River -11.3 5.2 47.8 0.4 

Seeds Crocodile -12.1 5.9 50.1 1.0 
Roots 4.5 0.3 

sp. No Roots -8.7 2.0 38.9 0.3 
Solanum Leaves River -27.7 -0.6 45.2 1.1 



Univ
ers

ity
of

Cap
e Tow

n

Apl!)en,dix I C I continued 

sp. Leaves -26.0 1.1 43.2 0.8 
sp. Roots -25.5 0.7 0.9 

9043 KP340 sp. Stems -26.7 0.8 43.3 0.7 
KP341 So/anumsp. Roots ~25.0 0.1 0.5 

904>9046 KP342 Solanum Leaves -25.1 2.7 43.4 1.8 
8948 sp. Stems N'watimvambu R -25.5 2.5 47.5 1.0 
8949 Solanumsp. N'watimvambu R -26.8 2.0 46.4 1.1 
8987 KP226 Solanumsp. Leaves -25.9 7.8 43.4 1.3 
8988 KP227 sp. Leaves -28.0 6.7 1.5 
8930 KP371 afrlcana Leaves N'watimvambu R -24.7 2.3 43.6 1.1 
8930 KP372 africana Bark R -24.7 1.4 44.4 1.1 
9113 No Roots Crocodile -12.5 3.1 44.7 0.6 

9113-9114 sp. Roots Crocodile -13.1 1.8 47.9 0.6 
9115 KP057 Themeda trlandra No Roots Crocodile River ~12.2 0.2 43.3 
1>9117 Themeda trlandra Crocodile River -12.7 0.4 0.5 

9052~9054 Themeda -9.2 2.4 40.5 0.7 
9054 KP352 Themeda trlandra -9.4 1.3 43.2 0.3 
8969 KP433 Themeda trlandra N'watimvambu R -11.5 1.6 47.6 0.4 
8969 KP434 Themeda trlandra N'watimvambu R 2.2 46.7 0.7 

91 12 KP051 Crocodile River 0.3 36.5 0.9 
9112 KP053 No Roots Crocodile River -12.4 0.8 45.6 0.5 
9050 KP346 mossambicensis No -9.3 0.7 39.7 0.5 

KP347 ~9.9 2.5 44.1 1.0 
9013 mossambicensis No -12.2 4.5 40.4 0.7 

KP259 mossambicensis -11.8 5.4 0.5 
KP003 mucronata Leaves Crocodile River -24.7 3.5 1.7 
KPOO4 mucronata Leaves River -25.4 1.1 1.7 

mucronata Bark N'watimvambu R 3.0 
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Apl;3endix I D I continued 

eriantha Roots R -11.7 
leaves Crocodile River 4.3 47.6 
leaves Crocodile River 1.1 

obtusifolia leaves River 2.4 49.0 1.6 
Ehretia obtusifolia leaves Crocodile River 3.8 47.6 2.4 

10646 KP593 sp. leaves N'watimvambu R 5.3 41.5 
KP596 sp. N'watimvambu R -12.0 5.0 1.0 

10647-10648 sp. R -13.1 3.4 34.8 0.5 
1 sp. 6.7 42.0 1.1 

10612 KP554 sp. No Roots -13.7 7.6 
No Roots River -12.7 0.2 44.2 

10561 KP489 Whole Crocodile -12.7 1.2 42.8 
10525 No Roots -14.3 3.0 44.3 1.4 

KP452 Roots -14.3 2.6 20.5 0.4 
Euclea divinorum leaves Crocodile -27.2 50.0 1.1 

10541 divinorum leaves 2.7 1.0 
KP475 Forb No Roots -26.8 4.3 3.7 
KP476 Forb No Roots River -25.9 3.0 51.3 2.9 

10550 Forb Whole Crocodile River 4.0 43.4 2.4 
10514 Forb No Roots -26.5 4.4 41.2 1.5 
10515 Roots -26.4 1.5 
10516 KP440 Whole 3.8 2.1 

Forb R 4.5 42.0 2.0 
KP577 R 3.3 1.1 
KP534 Forb -27.1 9.2 41.4 2.1 
KP535 Forb Roots 1.6 

leaves River 4.8 4.4 
10553 Bulbs River -26.1 3.9 37.2 1.5 

leaves River 3.8 46.1 2.1 
KP528 montlcola leaves Crocodile 4.1 2.0 

10667 KP621 sp. leaves R 4.6 42.5 
sp. leaves R 5.5 3.0 

Grew/asp. leaves 10.1 2.7 
10627 sp. leaves 6.7 41.4 2.2 
10591 sp. leaves River -26.5 1.9 45.4 

KP469 sp. leaves -26.7 
10543 KP470 sp. leaves -27.5 50.6 1.2 

KP491 contortus Roots -12.5 1.5 43.4 0.5 
10564 KP492 No Roots River -13.1 2.1 44.0 0.6 
10634 KP578 leaves R -23.2 4.2 49.3 2.4 
10636 KP580 Whole R -25.6 44.5 1.7 

10600 KP538 leaves -25.8 6.1 43.8 3.7 

10601 leaves -25.4 3.4 
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10544 KP471 leaves 
cspassa leaves 2.7 

Melinis No 1.2 
KP453 Pan/cum co/oratum 1.1 
KP454 Pan/cum co/oratum 0.9 

coloratum N'watimvambu R ~ 12.1 4.5 41.0 1.2 
KP800 Pan/cum coloratum No Roots N'watimvambu R 4.1 43.4 1.3 

Pan/cum colora tum R ~11.7 4.9 43.8 1.1 
Pan/cum coloratum N'watimvambu R ~12.2 1.1 
Pan/cum colora tum No Roots ~12.0 41.3 
Pan/cum -11.9 5.9 44.7 1.1 

10813-10815 Pan/cum 
10565 Pan/cum max/mum Leaves River 41.4 1.1 
10588 KP494 maximum River -12.5 0.4 

KP495 maximum Leaves River -12.9 4.5 39.5 1.2 
maximum River -12.0 43.7 

10567 Pan/cum maximum Seeds -12.4 3.1 42.3 
10529 KP455 Pan/cum maximum Whole ~12.7 3.7 47.1 1.8 
10572 australis Leaves River -27.4 8.1 

KP504 Stems River -27.0 4.8 45.8 
10573 KP505 Leaves River -27.1 7.7 41.8 1.4 
10573 Stems River ~27.1 4.2 49.8 0.7 

KP507 australis Roots 8.3 0.8 
KP499 No Roots ' River ~12.4 1.5 40.9 0.7 

vlrosa Leaves Crocodile River 45.5 1.8 
10551 KP478 Whole River 40.0 1.4 

KP479 Fruit River 1.9 
10839 KP563 Leaves R 4.1 44.8 2.9 
10640 KP584 Solanum Roots N'watimvambu R 2.4 42.1 0.9 

KP540 sp. No Roots 41.2 2.7 
KP541 Solanum Leaves 42.4 3.4 

10803 47.0 1.2 
Solanum 1.1 

10870 africsna Leaves N'watlmvambu R -24.9 41.9 1.9 
africsna Leaves N'watlmvambu R 42.5 1.7 

10571 Themeda triandra 2.5 49.0 0.8 
10532 triandra No Roots 3.1 1.0 

triandra -11.5 2.3 0.9 
10818 mossamblcensls No ~13.5 8.3 38.5 1.1 
10817 mossamblcens/s -12.8 8.2 39.8 1.3 

mucronata River -25.8 2.8 1.7 

10595 mucronata Leaves River -27.8 4.1 42.0 
mucronata Leaves 
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3.7 1.1 
WF001 6.4 44.2 1.7 
WF002 6.0 1.6 
ZF001 4.7 1.4 

9718 -21.3 5.9 44.7 1.4 
5.9 1.5 

ZF004 5.7 45.7 1.5 
9749 4.7 1.1 
9750 ZF006 4.8 42.5 1.1 

WF007 -14.5 43.3 0.8 
-14.7 4.7 37.4 1.1 

9547 WF006 simum 5.8 33.7 0.9 
9567 WF008 taurinus 49.1 1.4 
9568 WF009 taurinus 4.4 46.5 1.1 

0 taurinus 4.8 48.1 1.2 
9570 WF011 taurinus 1.1 

2 taurinus 3.8 43.4 
taurinus 0.9 

9712 ZF008 taurinus 4.8 0.8 
9755 ZF009 -14.9 5.5 47.3 1.0 

41.5 0.7 
9744 4.8 48.7 

4.9 49.4 0.9 
4.4 45.0 
5.3 45.3 1.0 

9777 -14.5 4.5 43.1 
9779 -1 45.9 0.9 

WF013 -1 47.0 0.8 
WF014 -14.4 2.9 46.6 0.9 

9531 8 -1 6.2 33.9 1.0 
WF019 -13.3 5.0 34.1 0.8 
WF015 -13.5 4.2 44.0 1.3 

9549 WF016 -15.5 4.2 47.3 0.8 
9550 -14.5 4.2 40.7 0.8 

-14.5 3.9 46.3 0.8 
Zoetfontein 46.7 0.8 

-1 3.8 0.8 
-13.7 5.3 45.3 0.9 
-1 48.3 0.9 
-1 3.6 46.1 0.7 

9740 -1 3.9 48.0 0.7 
-14.0 44.3 0.8 

1 
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0.8 
ZF026 0.8 
ZF027 48.5 0.8 
WF020 lVIotswedi -25.7 4.7 50.0 1.9 
WF021 lVIotswedi -26.2 4.6 1.7 

9553 WF022 5.2 47.8 1.9 
WF023 6.4 47.6 1.8 

9545 WF028 brunnea -17.6 6.7 4.0 0.5 
9559 WF025 brunnea 0.7 
9560 WF026 brunnea -14.7 6.8 6.1 0.7 
9561 WF027 brunnea -12.9 6.8 5.3 0.7 
9585 WF024 brunnea IVIziki 7.2 9.9 1.2 
9783 ZF029 brunnea -17.3 8.7 6.8 1.8 
9784 ZF030 -16.5 8.7 7.5 0.9 

WF030 3.9 43.4 2.1 
9558 WF029 lVIotswedi 4.6 38.8 1.8 
9720 ZF031 -25.6 5.2 41.5 1.8 

ZF032 -25.2 5.2 33.5 1.8 
ZF033 africaeaustrslis Zoetfontein 5.2 39.8 1.9 

-23.6 5.5 40.2 2.1 
9782 ZF035 5.9 36.7 2.0 
9565 Bushman's 4.2 48.1 1.3 

ZF036 Zoetfontein -21.7 5.1 33.6 5.5 
9734 ZF037 5.9 42.5 1.8 

ZF038 5.5 46.5 1.6 
1 Zoetfontein 3.3 49.5 1.1 

9728 ZF040 -13.8 5.0 44.5 0.8 
9760 ZF041 -13.8 5.0 0.8 
9743 -14.7 4.7 47.4 1.0 
9785 Panthers -17.4 8.4 38.8 6.6 
9480 WF132 ursinus Bushman's -19.9 3.5 74.4 3.1 
9481 WF133 3.3 77.3 3.4 
9482 ursinus -19.6 3.7 72.0 3.0 
9483 ursinus -20.6 3.7 75.6 4.4 
9484 ursin us -21.1 3.7 3.7 
9485 WF137 ursinus Bushman's -21.4 3.5 64.6 3.5 
9486 Bushman's 2.8 78.5 2.5 
9487 WF139 -18.0 2.9 74.1 2.6 
9488 -21.6 3.8 71.6 3.7 
9489 WF141 ursinus 3.0 75.7 2.1 
9490 WF142 3.5 
9491 WF143 ursinus -20.4 3.2 68.8 3.5 
9492 WF144 ursinus -20.0 2.8 2.9 
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ursinus 

9495 WF147 63.6 3.8 
9496 WF148 3.1 62.9 4.2 
9497 WF149 3.0 68.2 
9498 3.0 71.5 3.5 
9499 ursinus 4.2 73.3 2.3 

WF152 ursinus 3.6 77.3 3.3 
9501 WF153 3.6 70.6 3.8 

4.3 72.2 3.7 
WF155 2.9 64.5 3.2 

3.3 65.4 3.2 
9475 WF177 ursinus 49.2 2.2 

Motswedi 3.4 65.0 2.6 
WF179 Motswedi 1.8 57.2 2.5 

Motswedi 7.5 63.0 4.6 
9479 Motswedi -21.7 49.7 
9505 Mzikl -21.0 2.2 67.0 2.9 
9506 Mziki 2.5 76.0 2.9 
9507 Mziki 75.1 3.3 
9508 Mziki 2.0 

ursinus Mziki 3.1 
ursinus Mziki -25.4 2.2 
ursinus Mziki -21.0 3.0 77.0 2.3 

9512 WF164 ursinus -21.7 3.1 54.1 2.3 
9513 Mziki -19.8 3.1 73.7 2.5 
9514 ursinus Mziki -19.6 3.3 1.5 
9515 WF167 2.6 3.0 
9516 WF168 ursinus 2.3 57.7 1.5 

WF169 ursinus -20.1 2.4 1.7 
9518 WF170 ursinus Mzlkl -21.3 2.4 2.1 
9519 WF171 ursinus -23.2 2.2 79.9 2.6 
9520 WF172 ursinus -21.6 2.5 50.3 2.5 

WF173 ursinus -22.2 2.5 57.0 2.3 
WF174 ursinus -21.2 7.6 70.0 

9523 WF175 urslnus -21.0 2.3 50.6 1.8 
WF176 Mziki 2.6 56.7 
WF182 Nalana 4.2 2.4 

9526 WF183 3.1 59.1 2.0 
WF184 Nalana 4.8 57.4 2.1 
WF185 ursinus Nalana -22.1 3.2 69.9 2.8 

9529 Nalana -18.1 6.4 65.0 3.1 
ursinus Nalana 6.7 68.0 2.0 
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ursinus 

ursinus 
urs/nus 1.9 
urs/nus 1.9 

-21.2 3.7 
ursinus -18.4 3.5 65.7 1.9 

9462 -20.5 4.2 74.3 
9463 3.6 65.3 1.6 
9464 ursinus 3.4 1.6 
9465 ursinus -24.0 4.1 67.8 1.7 
9466 -19.5 4.1 63.4 

ursinus 3.6 
9468 -23.7 4.1 68.2 2.3 
9469 ursinus -21.4 3.5 71.1 

4.0 51.8 
9471 ursinus -21.2 3.5 52.4 2.0 
9472 urs/nus 3.6 46.8 

WF206 ursinus 3.6 47.8 1.7 
9474 ursinus -20.9 4.1 47.7 

ursinus Zoetfontein 57.8 3.9 
ZF045 ursinus 66.8 3.0 

urslnus Zoetfontein 4.2 70.1 4.3 
ZF047 ursinus -24.3 3.9 66.6 3.1 

9590 -22.3 2.9 75.5 4.2 
9614 ZF049 ursinus 3.8 51.7 3.1 

ursinus 4.5 2.5 
9616 ursinus -24.4 4.6 54.9 3.1 
9617 urs/nus -20.1 4.4 53.1 2.4 

urslnus 4.0 3.4 
9621 ursinus Zoetfontein -22.3 3.8 2.6 
9622 urslnus -23.1 4.2 3.1 

urslnus 3.7 50.7 2.9 
9624 urslnus -23.7 4.2 51.9 
9625 urslnus 51.3 3.6 
9626 urslnus Zoetfonteln -23.0 4.1 53.7 3.4 
9627 -23.5 46.1 3.3 
9628 ZF061 -22.5 2.4 45.7 
9629 ursinus 3.4 
9630 ZF063 urslnus 3.0 
9642 urslnus Zoetfontein -20.6 4.9 2.1 
9643 urslnus 6.9 43.9 1.7 
9644 ZF066 ursinus 4.6 51.2 

urslnus Zoetfontein 5.0 2.6 
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-23.3 

-13.4 
-12.6 

WF21 0 

47.4 2.7 

44.9 1.1 

1.2 

1.0 
1.1 
1.1 

1.6 

1.8 
42.7 1.7 

1.8 
1.8 

1 
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Zoetfontein -24.4 5.5 46.6 1,6 
Zoetfontein -25.8 5.4 48.1 1.6 
Zoetfontein -25.6 5.8 50.6 1.8 
Zoetfontein -24.4 6.2 49.4 1.9 
Zoetfontein -26.4 5.5 47.7 1.7 
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ApJllencJlix II B. for Mammal Faeces from the Waiterlberg, Collected In Jal1lUalry 2003. 

10199 WF220 -14.0 4.7 
10196 WF217 Random -15.6 6.6 

WF221 Random 44.5 
simum Random ·14.7 4.7 

10202 WF223 teurinus -1 6.7 38.9 1.7 
1 WF224 ·13.8 4.3 41.2 1.1 

WF349 5.3 42.5 1.0 
Random 5.5 39.9 1.3 

WF227 4.7 39.5 0.8 
WF225 4.6 41.2 
WF233 Motswedi -25.2 5.7 51.9 1.9 
WF228 Giraffe Random 2.5 
WF229 Giraffe 47.1 1.9 

Giraffe Random 4.4 49.9 2.0 
10211 WF232 Random 4.7 50.9 

WF231 Kobus Random -14.4 45.3 1.0 
WF278 Random 13.0 2.0 

10253 WF279 4.7 36.0 2.4 
3.9 46.1 1.9 
3.9 39.4 2.1 
5.2 2.0 

10257 WF283 ursinus 47.2 2.2 
10258 ursinus 3.7 44.9 1.8 

WF285 3.7 2.3 
ursinus 5.1 2.1 

10261 WF287 4.1 2.4 
WF288 ursinus -21.7 3.7 3.5 
WF289 ursinus Bushman's 4.1 
WF290 ursinus Bushman's 3.6 

10265 WF291 urslnus 3.1 2.1 
WF292 ursinus 44.8 2.2 
WF293 ursinus 3.8 49.4 2.8 
WF294 ursinus 4.0 41.6 2.8 
WF295 3.7 45.4 2.2 
WF296 3.9 39.8 2.1 
WF297 ursinus 3.4 
WF298 ursinus 3.0 43.5 2.7 
WF299 ursinus 4.8 
WF300 ursinus Mziki 4.3 47.9 2.7 

Mziki 5.1 34.2 2.1 
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App1endllx II B I con:tlnulad 

Taurotn'QUS oryx 
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Apl~endlx II C. Data for Mammal Faeces from the Kruger National Collected In June 

8592 KF089 
8593 KF090 River -18.0 2.8 2.0 
8594 KF091 -23.0 2.8 2.5 
8595 KF092 -22.9 3.3 57.6 2.4 
8586 KF083 Giraffa 3.1 60.0 2.7 
8587 KF084 Giraffa River 5.1 67.4 3.1 
8588 KF085 Giraffa River -27.2 3.8 70.9 3.0 
8589 KF086 Phacochoorus River -14.6 2.6 50.5 1.6 

KF087 Phacochoorus River 3.5 48.2 1.3 
8591 KF088 Phacochoorus -13.9 3.3 48.1 1.5 
8596 KF093 caffer Crocodile River -14.3 2.6 54.4 1.3 
8597 caffer River 4.3 
8598 KF095 River 61.2 1.1 

KF096 caffer Crocodile River -14.5 1.3 
8600 caffer River -14.6 1.9 1.1 

-17.9 3.6 1.6 
-16.4 4.4 53.1 1.4 

8563 -16.7 4.7 1.4 
8564 -20.0 3.9 57.7 1.8 

KF062 -17.2 3.7 56.7 1.5 
8572 burchellii -13.7 2.8 51.9 0.8 
8573 -14.3 2.5 18.5 0.5 
8554 -28.0 3.5 59.5 2.7 
8555 KF052 -27.5 2.5 60.2 2.6 
8556 KF053 Giraffe -27.9 3.5 65.2 3.0 
8707 KF201 Giraffa -27.6 3.1 66.1 2.3 
8575 KF072 Phacochoorus -13.5 4.5 48.6 1.5 

KF073 Phacochoorus -14.3 4.9 40.9 1.3 
8577 KF074 Phacochoorus 51.1 1.6 

KF075 Phacochoorus -13.7 4.8 50.5 1.5 
KF054 caffer -14.2 3.2 49.5 1.3 

8558 caffer 3.1 1.2 
caffer -14.5 3.7 54.5 1.3 

KF057 caffer -14.2 3.6 1.2 
8569 KF066 caffer -14.7 3.3 1.1 

ursin us 4.3 2.9 
8523 ursin us 5.5 12.3 

KF021 ursin us 4.8 12.2 
8525 ursinus 12.7 3.2 
8526 ursinus 5.1 12.5 2.8 
8649 burchellii -14.0 0.7 55.9 1.1 
8650 burchellii -14.1 3.4 61.1 1.3 
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Apl~endix II C I continued 

8642 KF136 Panthers leo Maroala 
8643 KF137 Panthers leo Maroala 
8644 KF138 Panthers leo Maroela ·15.0 8.5 50.8 7.9 
8645 KF139 Panthers Maroela -17.7 9.0 23.9 2.6 
8646 KF140 Panthera Maroela -16.2 9.4 30.3 9.3 
8647 KF141 Panthers leo Maroela -17.9 10.2 70.8 8.1 
8634 KF131 N'watimvambu R ·21.1 6.3 62.6 2.3 
8635 KF132 N'watimvambu R -20.1 6.9 71.3 2.5 
8636 KF133 Connochaetes taurlnus N'watimvambu R -13.9 4.5 61.8 1.5 
8637 KF134 Connochaetes taurlnus N'watimvambu R -13.8 4.9 59.4 1.7 
8616 KF113 -20.3 6.0 58.7 2.5 
8617 KF114 -16.8 6.5 56.8 2.2 
8618 KF115 -17.0 6.8 54.8 2.3 
8619 KF116 -18.4 6.6 59.6 2.2 
8620 KF117 -18.5 7.1 56.7 2.4 
8621 KF118 -18.9 7.1 59.3 2.0 
8622 KF119 -19.0 7.0 56.0 2.1 
8623 KF120 -20.0 5.9 59.8 1.9 
8624 KF121 6.5 55.9 1.8 
8625 KF122 -16.5 6.0 60.5 2.0 

KF106 Connochaetes -15.3 5.6 58.6 1.3 
8610 KF107 taurlnus -14.4 7.6 51.5 1.6 
8611 KF108 Connochaetes taurlnus -15.3 5.7 55.8 1.3 
8613 KF110 Connochaetes taurlnus -14.1 8.0 52.3 1.4 
8614 11 Connochaetes taurlnus -14.1 6.5 55.4 1.4 
8615 KF112 Connochaetes -13.8 8.2 53.3 1.9 
8626 KF123 Connochaetes taurlnus -13.8 7.9 51.9 1.5 
8633 KF130 Connochaetes -14.5 7.9 51.7 1.5 
8605 KF102 -13.5 3.2 64.6 1.1 
8606 KF103 -13.7 6.9 51.7 1.3 
8607 KF104 -13.7 4.3 58.6 1.2 
8608 KF105 burchellii -14.7 5.0 57.0 1.0 
8604 KF101 caffer -14.3 7.0 47.0 1.2 

KF109 6.4 67.5 3.3 
8627 KF124 -26.5 6.1 69.3 4.1 
8628 KF125 5.6 72.2 2.8 
8629 KF126 -25.8 7.6 64.1 2.5 

KF127 -26.8 6.5 64.9 3.4 
8631 KF128 -26.6 5.8 63.8 3.5 

KF129 -27.4 4.4 71.6 3.2 
8504 KF001 ursinus Sabie-Skukuza -25.8 5.2 41.9 2.1 
8505 KF002 -26.2 4.2 44.8 2.4 
8506 KF003 ursinus Sabie·Skukuza -24.8 4.2 45.3 2.4 
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Aplpenldlx II C I continued 

8508 KF005 -25.9 4.1 2.4 
8509 KF006 -24.2 5.2 44.0 

KF007 -26.1 5.4 43.1 2.8 
8511 KFOO8 -25.7 6.0 45.7 2.2 
8512 KF009 5.0 13.5 1.8 
8513 KF010 Sabie-Skukuza 4.5 44.2 2.9 
8514 KF011 -26.4 4.5 13.2 1.7 
8515 KF012 -24.6 3.6 12.0 3.1 

KF013 -26.9 4.6 14.8 1.9 
8517 4.3 1.7 
8518 3.9 2.8 

5.4 13.3 1.8 
8520 KF017 -25.4 5.6 14.2 2.0 
8521 KF018 -25.1 5.6 14.6 1.6 

-25.7 48.1 2.6 
-27.2 44.7 

8535 Sabie-Skukuza -25.5 5.0 49.0 2.6 
8536 KF033 Sabie-Skukuza 4.2 51.4 3.0 
8537 KF034 Sabie-Skukuza -25.9 4.2 36.8 2.0 
8538 KF035 Sabie-Skukuza -25.5 3.2 
8539 KF036 -25.1 4.4 49.9 2.6 
8540 KF037 -25.1 4.8 42.7 2.2 
8541 KF038 -24.8 3.4 
8542 Sabie-Skukuza -24.6 5.6 49.1 2.8 
8543 KF040 -24.4 5.9 50.7 3.4 
8544 KF041 Sabie-Skukuza -24.7 4.8 46.7 3.1 
8651 KF145 -14.1 3.0 54.9 1.2 

KF146 -13.2 1.9 58.7 1.2 
KF153 -15.0 4.4 56.5 2.1 
KF154 caffer 3.6 60.4 1.9 

8661 KF155 caffer -16.1 2.4 38.1 1.1 
KF156 -15.0 2.6 56.8 1.3 

8527 -24.1 3.6 12.3 2.5 
8528 KF025 4.1 2.5 
8529 KF026 -24.2 3.6 13.4 2.3 

13.4 3.9 
-25.0 2.4 12.1 3.6 

8532 -25.3 47.3 3.4 
8545 -24.4 50.6 
8546 KF043 Stolsnek 2.7 48.4 
8547 -25.1 1.3 

KF045 Stolsnek -25.4 2.0 51.4 2.0 
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Aplpenldlx II C I continued 

ursinus 
ursinus 
ursinus 
ursinus 

-23.8 
2.3 
3.7 
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APlpenlOIX II D. Data for MalTlmal FII.C~IB from the Kruger Nat,lonal Coillectlitd In Janluary 

River -21.1 4.6 42.3 1.3 
10343 River -22.9 3.0 45.4 2.0 
10344 KF300 River -23.2 3.1 48.8 3.2 
10345 KF301 River 45.3 1.9 
10346 KF302 River .6 3.8 48.9 1.8 
10347 River -21.7 1.3 2.1 
10348 burchell;; River -16.3 4.3 42.1 0.8 

KF305 burchellii River -15.7 54.0 1.2 
10350 River -28.7 4.2 3.5 
10351 Kobus Crocodile River -15.5 4.6 40.3 0.7 

KF309 Kobus Crocodile River -15.6 4.6 1.3 
10354 Kobus River -16.0 6.0 52.6 1.3 
10355 1 Kobus Crocodile River -17.4 7.5 

KF313 Phacochoerus River -15.0 31.4 0.7 
10358 KF314 Crocodile River -15.2 2.6 48.4 1.1 
10359 KF315 Crocodile River -16.6 8.0 1.6 
10360 KF316 Crocodile River -15.3 5.0 49.2 2.7 
10361 7 River -16.7 

Crocodile River -16.7 7.0 48.6 1.9 
10325 -16.8 49.7 

KF282 -17.3 5.5 1.5 
10327 KF283 -14.2 6.5 59.9 2.4 
10328 -20.4 4.1 60.0 2.0 
10329 KF285 -19.9 4.6 41.2 2.0 
10332 KF288 -15.1 3.0 57.4 0.8 

-14.1 6.6 49.7 3.7 
10334 KF290 -15.2 4.5 39.7 0.6 
10335 -15.4 2.3 38.9 0.6 
10336 -25.7 3.7 30.1 1.5 
10337 KF293 -28.1 3.3 43.8 2.3 

KF294 Giraffa 3.2 50.1 2.2 
10339 -27.0 2.9 61.3 3.1 
10340 KF296 

3.1 48.0 3.7 
ursinus L Sabie -26.2 43.3 3.0 

10504 ursinus L Sabie -25.1 39.2 
10505 ursin us L Sabie -25.6 5.9 47.7 5.4 
10506 ursinus L Sabie 6.0 46.7 
10507 ursinus L Sabie -25.0 6.6 
10508 KF470 ursinus L Sabie -26.0 5.0 3.4 
10509 ursinus L Sabie -26.6 2.8 42.6 4.2 
10510 ursin us L Sabie -25.0 5.2 37.1 3.4 
10511 ursinus L Sabie -25.3 5.8 52.5 7.1 
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Aplllendlx II D I continued 

ursinus -25.4 
-26.9 6.7 65.7 

N'watimvambu R -20.0 7.9 56.1 
10376 KF332 N'watimvambu R -20.9 6.7 62.1 
10377 N'watimvambu R -20.8 8.2 42.8 
10378 KF334 N'watimvambu R -19.3 7.2 42.7 1.9 
10379 KF335 N'watimvambu R -20.1 6.5 50.5 
10399 KF355 N'watimvambu R -19.7 6.5 48.1 
10381 KF337 Giraffa N'watimvambu R -26.9 5.5 51.1 
10382 KF338 Giraffa N'watimvambu R -26.9 5.6 51.6 2.1 
10383 KF339 Giraffa N'watimvambu R -27.0 7.4 62.9 3.1 
10384 KF340 Giraffa N'watimvambu R -27.0 5.4 55.7 2.1 
10385 KF341 R -26.4 6.3 50.9 2.4 
10363 KF319 -14.2 7.2 39.0 1.6 
10364 KF320 -18.0 11.7 46.8 
10365 -19.1 10.5 52.3 
10366 -15.7 7.9 42.3 1.5 
10367 KF323 -17.8 9.2 55.6 
10368 KF324 Connochaatastaurlnus -15.0 11.3 47.4 2.6 
10370 KF326 burchallii -14.7 6.1 45.2 1.5 
10371 KF327 burchallii -15.0 6.1 1.0 
10372 KF328 burchallii -14.9 9.8 49.9 3.1 
10464 KF434 ursinus -26.3 7.4 66.1 3.4 
10465 KF435 ursinus -25.1 5.3 46.1 2.7 
10466 KF436 ursinus -26.6 5.9 44.1 3.2 
10467 KF437 ursinus -25.9 6.7 53.5 4.8 
10468 KF438 ursinus -26.8 4.5 42.5 3.0 
10469 ursinus Sabia-Skukuza -26.0 4.7 48.1 2.2 

10470 KF440 ursinus Sabie-Skukuza -26.5 5.6 64.6 2.9 

10471 KF441 ursinus Sabie-Skukuza -26.1 4.4 47.1 

10472 KF442 ursinus -26.0 4.3 49.5 2.6 

10473 KF443 ursinus -26.4 6.6 52.8 5.1 

10474 KF444 ursinus Sabie-Skukuza -26.3 5.4 51.9 4.8 

10475 KF445 ursinus -26.7 4.4 53.8 2.7 

10476 KF420 ursinus Steve Hamilton -27.6 4.5 46.4 

10477 KF421 ursinus Steve Hamilton -27.5 5.6 66.9 2.9 

10478 ursinus Steve Hamilton -27.9 4.9 2.6 

10479 KF423 Stave Hamilton 8.3 52.2 8.7 

10480 KF424 ursinus Steve Hamilton -28.0 5.8 48.4 4.5 

10481 KF425 ursinus Steve Hamilton -28.3 4.2 45.6 1.8 

10482 KF426 Steve Hamilton -27.7 4.8 42.9 2.4 

KF427 ursinus Steve Hamilton -28.0 4.2 50.7 2.0 
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Apl~nidlx II D I continued 

ursinus 
ursinus 6.0 

10486 ursinus 6.3 68.0 4.9 
10487 4.4 44.7 2.3 

Steve Hamilton 4.8 43.5 2.3 
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Aplpendlx III. Data for Serial Amllys,ls of Baboon 

8639 Park A 1 2 140 -21.2 5.5 3.7 
A 2 4 140 -20.7 6.2 3.1 
A 3 6 140 -20.3 6.3 3.2 
A 4 8 140 -19.5 3.4 
A 5 10 140 -19.4 6.3 3.3 
A 6 12 140 -18.8 5.7 3.3 
A 7 14 140 -19.0 6.2 3.2 
B 1 2 
B 2 4 120 -21.0 6.2 3.5 
B 3 6 -20.5 6.5 3.2 
B 4 8 -19.4 6.6 3.1 
B 5 10 120 -20.0 3.0 
B 6 12 120 -19.6 3.2 
C 1 2 -19.7 5.8 2.9 
C 2 4 120 6.3 3.4 
C 3 6 120 -19.2 
C 4 8 -19.2 6.5 3.4 
C 5 10 6.1 3.2 

9789 1 2 168 -17.7 4.9 2.9 
2 4 168 -19.2 5.4 3.7 
3 6 168 -19.4 5.1 3.1 
4 8 168 -20.7 5.5 3.0 
5 168 -19.1 5.4 2.8 
6 12 168 -18.6 3.9 3.0 
7 14 168 -18.6 3.2 3.4 

9790 1 2 159 -18.3 6.1 2.8 
2 4 159 -17.7 11.6 3.2 
3 6 159 0.4 3.7 
4 8 159 -19.4 3.9 3.3 
5 10 159 -17.6 3.4 3.1 
6 12 159 -20.0 3.6 3.2 
7 14 159 3.4 

9791 1 2 169 -19.3 5.0 
2 4 169 4.6 2.8 
3 6 169 -19.5 
4 8 169 -19.8 4.0 3.4 
5 10 169 3.3 3.0 
6 12 -18.1 3.0 
7 14 169 -19.2 2.2 2.8 
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Aplpenldix 1111 continued 

9793 1 2 224 -17.8 4.1 3.1 
2 4 224 -18.6 4.1 3.1 
3 6 224 -19.3 3.9 3.4 
4 8 224 -20.2 3.6 3.0 
5 10 224 -19.1 3.9 2.8 
6 12 224 -20.5 3.4 3.1 
7 14 224 -20.2 4.9 3.1 
8 16 224 4.9 
9 18 224 -20.8 5.3 3.0 
10 20 224 -21.2 5.4 3.4 

9794 1 2 216 3.8 3.5 
2 4 216 -18.3 3.6 3.4 
3 6 216 -18.5 3.7 3.6 
4 8 216 -19.5 3.5 3.4 
5 10 216 -18.1 5.1 3.3 
6 12 216 -19.6 3.2 3.2 
7 14 216 -19.1 4.8 3.3 
8 16 216 -19.1 5.2 3.7 
9 18 216 -19.0 5.3 3.3 

9795 1 2 149 -18.1 5.5 3.2 
2 4 149 -20.0 5.9 3.6 
3 6 149 -17.8 4.2 3.5 
4 8 149 -17.8 3.3 3.1 
5 10 149 -17.6 3.5 3.0 
6 12 149 -19.1 3.7 3.5 
7 14 149 -19.0 5.9 3.4 

9797 1 2 196 -19.1 5.7 3.1 
2 4 196 -18.4 5.1 3.3 
3 6 196 -20.0 5.8 3.5 
4 8 196 -17.4 5.0 3.5 
5 10 196 -17.8 4.0 3.3 
6 12 196 -17.9 4.1 3.6 
7 14 196 -19.4 5.1 3.6 
8 16 196 -18.7 4.7 3.4 

9798 1 2 -20.1 5.6 3.6 
2 4 141 -16.6 3.6 3.5 
3 6 141 -1 3.0 3.7 
4 8 141 -18.6 3.2 3.7 
5 10 141 -19.7 3.1 3.1 
6 12 141 -19.1 2.8 3.6 

9799 1 2 141 -18.5 4.5 3.7 
2 4 141 4.4 3.6 
3 6 141 -18.4 4.9 3.2 
4 8 141 -19.7 5.0 3.7 
5 10 141 -20.4 3.9 3.7 
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Apl!Jendlx IV. Data for Dentine Bone collagen, 
hlsl:orv details for are 

9788 M1 Dentine 1 -20.1 8.9 3.7 
2 -19.7 3.8 
3 -19.9 8.5 3.5 
4 -21.1 8.4 3.1 
5 -19.5 8.4 

Enamel -12.0 0.2 
M2 Dentine 1 -19.7 8.9 

2 -20.4 8.7 3.1 
3 -19.1 8.0 3.2 
4 -19.8 8.0 3.3 
5 -20.9 3.8 
6 8.2 3.5 

Enamel -12.2 -3.0 
M3 1 8.2 3.3 

2 -19.8 
3 -20.0 3.3 
4 -19.2 
5 -20.9 8.9 
8 8.9 3.6 

-12.4 0.1 

UCT9787 M1 Dentine 1 -20.0 8.8 
2 -20.7 8.5 
3 -21.1 8.9 3.3 
4 -19.7 8.6 3.3 
5 8.7 3.5 

Enamel -13.1 1.2 
M2 Dentine 1 -20.1 8.3 3.2 

2 -19.5 8.5 
3 -18.8 8.1 3.3 
4 -19.8 
5 -19.7 8.5 3.2 
6 -19.8 8.9 

-10.3 0.0 
M3 Dentine 1 -20.0 9.2 3.3 

2 -19.9 9.0 3.4 
3 -19.6 8.8 3.3 
4 -19.8 8.9 3.5 

Enamel -11.9 -1.3 
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ApJllendiix IV I con1tinulild 

Al769 M1 Dentine 1 -19.3 8.0 3.7 
2 -19.2 3.4 
3 -19.6 3.4 
4 7.8 3.3 

Enamel -1 -2.6 
M2 Dentine 1 3.6 

2 -19.2 8.8 
3 -19.9 8.9 3.5 
4 -19.4 8.6 
5 8.7 3.3 
6 -19.9 8.4 3.3 

Enamel -11.3 -2.9 
M3 1 8.7 3.5 

2 -19.2 8.7 3.4 
3 -21.1 8.7 
4 -20.9 9.2 3.4 
5 -19.4 8.7 3.2 
6 -19.5 9.1 3.7 

Enamel -12.4 -2.2 

Al770 M1 1 -18.4 9.5 3.4 
2 -19.4 10.3 3.1 
3 9.8 3.4 
4 3.2 
5 9.4 3.4 

M2 Dentine 1 -21.2 9.1 3.3 
2 9.1 3.3 
3 9.3 3.7 
4 3.5 
5 3.1 

Enamel 
M3 Dentine 1 -19.7 3.6 

2 -17.9 8.2 
3 3.2 
4 -19.3 3.4 
5 -19.3 9.2 3.3 

Enamel -12.1 0.1 
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APlllendlX IV I continued 

P\Z. 790 M1 Dentine 1 -19.2 10.2 3.6 
2 -20.2 10.5 3.6 
3 -18.1 9.9 3.4 

Enamel ~11.2 0.3 
M2 Dentine 1 ~19.4 9.6 

2 -21.2 10.0 3.4 
3 -18.9 9.7 3.4 
4 -20.5 9.5 3.7 

Enamel ~12.3 0.5 
M3 Dentine 1 -19.6 10.2 3.7 

2 -19.0 10.3 3.6 
3 -19.3 10.4 3.5 
4 -18.9 10.5 3.7 
5 ~18.3 10.3 3.6 
6 -18.7 10.1 3.7 

P\Z. 792 M1 Dentine 1 ~20.6 10.2 3.4 
2 -19.5 9.8 3.7 
3 -20.2 10.0 3.4 

Enamel -13.2 2.6 
M2 Dentine -18.4 10.0 3.4 

2 -1 10.7 3.3 
3 -17.9 10.5 3.3 
4 -18.4 10.3 3.6 

Enamel -11.8 0.4 

TM 911 M3 Dentine 1 ~20.1 7.0 3.3 
2 -20.2 4.9 3.3 
3 -20.4 4.8 3.3 
4 -19.9 6.4 3.1 
5 ~19.9 5.5 3.1 
6 -20.3 5.4 3.4 
7 -19.3 7.9 3.1 

Enamel -12.3 1.1 
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APlpenidlX IV I continued 

P\l798 M2 Dentine 1 -18.1 6.6 3.1 
2 -18.2 7.7 3.3 
3 -16.7 8.1 3.2 
4 -18.2 5.5 3.7 
5 -17.2 5.8 3.3 
6 -17.9 8.4 3.3 

Enamel -11.4 -2.6 
M3 Dentine 1 -17.7 5.6 3.2 

2 -19.5 6.6 3.7 
3 -18.5 4.1 3.6 
4 -20.5 6.1 3.0 

P\l797 M1 1 4.0 
2 6.7 4.6 
3 -20.4 3.9 5.7 
4 -22.1 6.5 7.1 

Enamel -12.9 -0.5 
M2 Dentine 1 -19.7 5.5 4.8 

2 8.2 
3 -19.5 7.0 4.4 
4 -19.4 7.3 
5 -20.3 7.3 4.5 

Enamel -11.2 -0.9 
M3 Dentine 1 -17.8 7.4 3.2 

2 -18.7 7.9 3.7 
Enamel -12.8 -3.1 

dM1 Dentine 1 -17.7 8.3 3.1 
2 -17.0 7.3 2.9 
3 -17.7 7.7 3.3 
4 -18.0 7.3 3.1 

Enamel -10.3 -1.0 
dM2 Dentine 1 -18.0 8.0 3.0 

2 -18.5 7.9 3.2 
3 -18.6 8.0 2.8 
4 -17.7 6.8 3.3 
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Aplpenldlx V. Data from tooth enamel carbonate of fossil spE~cirner.s from Swartkrans 
Melmbers 1 and 2. 

11128 SK 412 williamsi Swartkrans M112 M2 ~13.7 ~0.7 

11127 SK 551 williamsi Swartkrans M112 M2 ~12.8 ~3.8 

11129SK579 williamsi Swartkrans M112 M? ~7.2 -11.4 # 
11124 SK 2170 Swartkrans M1 M? -8.4 -7.9# 
11123SK404 Swartkrans M1 M3 ~8.3 -3.1 
111 SK428 Swartkrans M1 M3 -6.3 # -8.8 # 
11116SK 455 Swartkrans M1 M3 -9.5 -3.4 
11119 SK492 Swartkrans M1 M2/M3 ~10.6 4.0 
11121 SK548 M1 M2 -12.8 #~13.4 # 
11122SK574 Swartkrans M1 M3 -12.5 # -21.7 # 
11117 SK 585 Swartkrans M1 -13.5 #-22.7 # 
11126 SKX 2800 ? Swartkrans M2 -0.8 -2.5 

11125 SKX 2962 Swartkrans M2 M? -10.4 # -5.6 # 
11105SK 419 Swartkrans M1 M2/M3 -6.5 -6.3# 
11106 SK 436 Swartkrans M1 M3 -6.6 -16.3# 
11107 SK457 Swartkrans M1 M3 -8.2 -7.3 # 
11108 SK 458 Swartkrans M1 M3 -8.2 -8.6# 
11112 SKX 1036 Swartkrans M2 M? -6.8 -12.7 # 

11113 SKX 1037 Swartkrans M2 M? -8.3 -7.6# 
11114 SKX 12443 Swartkrans M2 M? -10.1 -18.5 # 
11136 SK 24615 ? Swartkrans M1/2 M? -3.5 -6.5 
11138 SK 433 Swartkrans M1/2 M? -7.6 -3.7 
11140 SK 442 Swartkrans M112 M? -7.3 -5.8 # 
11139 SK 472 Swartkrans M? -10.2 -10.5 # 
11137 SK 588 B Swartkrans M112 M? -7.5 -2.7 
11131 SK2181 oswaldi Swartkrans M1 M? -2.6 -6.8 
11133SK403 oswaldi Swartkrans M1 M2 -5.3 -6.4 
11130 SK 491 oswaldi Swartkrans M1 M? -1.6 -6.3 

11134SK581 oswald; Swartkrans M1 M? -2.4 -9.7 # 
oswaldi Swartkrans M1 M? -1.3 -5.9 

#= insufficient C02 gas, thus results considered to be unreliable 




