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Abstract

This study was designed to in~lestigate the eco--physiology of

baboons (Papio cynocephalus ursinus) i.n a troop living in the

Kuiseb River canyon of
.ir

the central Namib desert, Naillibia.

Answers were sought for two major queat.aons; wha.t Wer~~p the
/~~-

baboons p1;ospects for survj/'j;3.land were there spet-::ialadapta.t,ions

allowing for their survival in their desert erlvironment? To
j ~

answar the former~! life history phenomena of individuals and
'::. \.-

. "_" '. : _" .,_:, - - :. :' - - -\\ - - - _." . - ._ -: - . ': - \
demographic changes wf:(thin~the trroopwere studied over a s ix 17e\ar

, ", \~: \\ \'

pet'iod. Results showed tha\t the troop was not !:)elf-sustaini~~'..
\ _.-.. \' \

Ectc,')parasite infestations kj11led the majority-;(jf-~'nfants born{,tb. .\: .... I} . . . \.:

high ranking female baboons, while infant kidnapping by hi\1h

ranking females ki.lled most lbwer ranking females I infants. The

high\:infant mortality appeared to affect the behaviour of adult:

male baboons in th(~\tr6op, causLnq non-paternal males to fight.

harder to maintain. a rank w·.:\.threproductive opportup1ties,

usually with serious woundingor. death \a-sa consequence. Answers

to the latter questicm involved inve,stigatiom~ into the ba.boons

feeding patterns and diet, body temperature -regulation, water

flux rates and methods of body water conservation. Despite their

desert environment, the baboons had access to plants of tdgh

water content and Werenot dependent on free water intake. Plant

foods also had low electrolyte conr.entrations. Bodyt.empareturee

of three free-ranging baboons record~d by intraperitoneal radio

t01emeters were remark&bly labile i indicating an adapti ve
". ,

heterothermy. Thebaboons appeared to employevaporative cooling

i
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only whenwater was available to drink and used cool sub-surface

sand to slow their body temperatur~ riseo. water flux rates

determined \1s.ing tritiated water of three free ....panging baboons

were not different to those of baboons from elsewhere.

Acquisition of free water at times of water scarcitY,was strictly
. .

rank related. Body .water conaez-ratn.on vias apparently achieved

thror-;h a combination of factors; llrine conCentration. of l<:uiseb

bqboons increased significantly when they were water deprived.
)) ..' .... '

The kidneys of the Kuiseb baboons, obtained from baboons that

died naturally(, were C)inatomicallys5.gnificantly different and
~. .

head greater urine concentrl1tfng abilities than th.e kiuneys Of.

babcons from t.he northern Transvaal, South Africa.'" Kuiseb

baboons showed efficieht faecal water conserVation, similar to
other desert adapted mammaLs, Bodywater also was appaz'errt.Ly

conserved by engaging tn water conservative':- behaviour, :;::..

predominantly inactivity.
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General \i.n'troduetion 1 study area

and the l")rocess of habituating

the baboons
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This introductory chapter isunot a literature review as

each subsequent chapter provides its own. Instead it
'\\

~dentifies the relevance of the'wor,lt contained in this
,__ J.l "

thesis apd provides a breakdown of tQ_estructure and

specific questions posed"prior to their investigation.

'~'v/l'
If abundance., breadth of 'distribution and habitat diversity are

measur-as of evolutionary success, baboO~sl:~·.'~'genus~l'io) are

indeed succe~~ful.. SaVanna baboons are di~{:.ij_~Utedthroughout~ . . '~:"

.' Ii

sub-Saharan Africa-dllcroccupy habitats inc),uding desert, savanna,

woodlandsI rain forest, high altitudes and low-lying coastal

areas (Wolfheim, 1982). Amongst non-human primates I this

distribution indicates the uniqu~ abili~y of baboons to

successfully colonize a range.dfecological settings.

Thephenotypic variation of savanna baboons between and wit.hin

this range of hani tats is partially respom3ible. for the current

confusion regarding their t.axonomj,c classification. The most

widely accepted classification of Thorington and GroveS (1970)
considers all savanna baboons as one species I .PapiQcynocephalus,.

and separate from hamadryas bCiPoons,Papio hamadryas. Savanna

baboons include Papio cynocepha:J"Q§.cynocephalus (yellow baboons),

PapiQ cynocephalus 'ursinus (chacma baboons) , and Pc{piQ

cynocephalUSanubis (olive baboons).

Amongst savanna baboons I the developmen't of any adaptations

promoting survival in a particu;lar habitat is likely to be

2



more conspicuous in those cqnspecifics at the habitat ex.t::t\emes,
>i
//

both environmental and spatial. for baboons living in the Namib

desert (Hamiltong 1985), the most arid hab:i):at yet khown to be
,"

i'.. '.>
', i

occupie.d by non...,humanprimates, physiological and behaviburial

adaptatiOns (Louw, 1990) ".couLd be important factors to their

survival in a desert habitat.

I

The.'Namibbaboons"')described by Hamilton (1985) were living in the
':j

seasonally dry !{uise.b :River canyon where it crosses the central
~ ~

Namibdesertl Namibia. Wi,thin the canyon an alluy-ial floo(4?Iain '

supported a riparian forest that formed a linear ~'asis cros&ing

the desert (Seely, Buskirk, Hamilton and DiXon, '198C:). :eaboon

movements'IJiererest.ricted to apP:t'oximate.l.Y1 km from the canyon
\\
I

edge as it was bordered }?y vegetationle.ss desert into which the
"

baboons did not ventnrre ,

In a short-t.erm study, Hamilton and colleagues out'lined the
" \\

peculiarities of the desert baboons I habitat (Hamiltonj Buskirlt

and Buskirk", 1976) and provide.d preliminary results on the

demographic: status and behavdour-i.a.l, eooLoqy of these haboons

(Hamilton, 1985). FromHamilton IS study it became clear that -tne

environmental variables -'t.hat; are of the most interest as

determinant~s of baboon behaviourial ecology in most other

habitats (Dunbar, 1992) were, for the moat; part, oonspd.cuous

through their extreme values in the Kuiseb canyon habitat. Chief

amongst t.hemwas annual rainfall. Xn the area occupied by the

Ku i.aeb baboons, rain£all was so low and variable that it was

considered negligible. There were also no permanent water

3



sources in t.he baboons range and they depended on

unpredictable f'Loods of t,ne Kuiseb River for water!

other than babpon~, m0stCmamrnalsliving in the Namibde~krt or

in similar desert habitats ate known to demonstrate maj6r eco-
p~q$j,e"lQgicaladapt.at ions.,

,."'.,j

especi~n.ly in their means of body
II

wa·ter conservation. Indeed, living

alongside the Kuiseb baboons .i~;,g~insbok,Oryx gazellat arid the

abiJ5d.ties of this animal to cope with desert «; conditions,

particularly in terms, of its body water conservation and

thermoregulation are legendary (Taylor, 1969).

Striking am{)ngs.tmanydesert adapted animals is their ability to

exist without drinking (Louw and Seely, 1982). Whether

terrestrial primates in arid/desert habitats haye this ability

has not been investigated becausE!\\the animals appear dependent

on free TJla:terintake (Altmannand Altmann, 1970). Physiological

data obtained from captive baboons under manipulated experimental

conditions has provided information as to h;:,wthe animals are

able to respond physiologically under extreme conditions,

including water deprivation (zurovsky, Shkolnik and Ovadia, 1984;

Zurovskyand Shkolnik, 1982; Hiley, 1976). There is, however,

an absence of such. da·ta obtained from free-ranging animals

indicating what non-humanprimates really do to cope with deser-c

conditions.

In this dissertation I examinevarious ecophysiological questions

concerning the chacmababoons (pap.2&cynocephalus ursinus) living

4



in the Kuisel( River, canyon. Howsuccessful are the baboons, and

what are thei}:- prospects for survival? This question is

a ..,,~ssed in Chapter 2 through an examination of life history

phenomenaof these baboons and the demographicchanqes within the

baboon troop over a.'si~Cyear oeriod.
~. "-::,-~

Results in Chapter 2 indicated that the baboon troop I studied

wasnot, self-sustaining, mainly because of art exceptionally high'

neonatal mortality. The circumstances surroundin.g these

mortali ties are addressed in Chapters 3, 4 and 5. I examinedtwo

componentswhen considering the reasons for these mortalities,

an abiotic and a biological one. In Chapter ~'\I analyzed sho;rt
1,.~.. ,\.

term changes in the abiotic environment of the baboons and how

thes~ changes affected the baboons' lifestyles. I placed

emphasis on how the changes in lifestyle might predispose t.he

baboons, especially neonates, to ectoparasite infestations which

were found to be the cause of the majority of infant deaths.
i

BesLde.skilling most infa.nts, ectoparasites infested all the

baboons.
.

The parasi teg involved and the pathology associated

with the parasite infestations are examined in Chapter 4.

Thenext highest cause of infant mortality to tick infestation

is infant kldnapping by adult females. In Chapter, 5 I present

the circumstances surrounding the incidenoe of fatal infant

kidnapping. This is the first time such behaviour has been

observed to occur regularly and repeatedly in a non-humanprimate

population.

5
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Al;:;}')peculiar to this troop of baboons Was_thehigh incidence o'j:

serious wounding and :Ratal fighting amongst adult [jmalebaboons.

In Chapter 6 I examined the adult male baboon.dynamics of th.;Ls

troop I an.alyzed the incidence of woundil;l.gduri~~ dominance

fights i·· and compared my result with t.hose from a similar baboon

population in Botswana.

The major question of whether these desert baboons have any

special adaptations allowing their survival in their extreme

habitat is the subject of the rest of this dissertation, chaptel::'s
( ....

7 through 10.

Throughanalysis of their feeding patterns and.year'('..round food
_ -. :.~

sources, I attempted to determj.,neperiods of pospiIlle nut~~itional

defic.i.encies or of. unusually high electrolyte loads.

Desert adapted mammalsnave different ways of coping with daytime

heat: small mammalsescape the heat by retreating into purrows

and large mammalsstore large amounts of body heat (Louwand

Seely, 1982) and/or posaass a carotid rete for brain cQoling

(Mitchell and Laburn, 1985). Baboons are of intermediate maSS.
Theycan neither bur-ro= nor store excessive amount.sof heat, nor

do they have any known rnechg.1"!.:amsfor brain cooling. The body

temperat.ures exhibited by baboons and the fluctuations in body
';',

temperatures of baboons under free-ranging conditions wer~ thus

examined. Body ;temperature changes of th:tee I<ut,:sebbaboons were

examined using radio-telemeters tha1;/ I surgically implanted
'i

II
\\

\\ 6



intraperj.._t()1l-~ally. This waf."ithe first time this procedure, was

used in free-ranging prim(i!.tes),and the resuI ts appear in chapt.er
, ",-\~

8. Baboon,body teiirperatU'~"? changes obtained in this ltay t-.cbvided
/;_. .... .... . ','

new insights in·to interp;:Jetation .:,of ,certain baboon behaviours.

Baboonthermoregulation and body temper:a~ure changes appeared to

be integrally linked to the availabilit~y and in't.ake of water.
',,,-

water U$d and conservation by the baboons are the sabjeci;,s:C~9.f

Chapter:, 9- and 10.
~'>"

Ch~ter ~iadd,X'~s~esthe "water .ffi~*) rat.~$
(using tritiated water) of i;~ree of the .Kuiseb baboons. The)

intake of preformed water is also exarnined in Chapter 9.
~

In Chapter 10 I examined aspect.s of baboon water cans.er~ation.

The anatomy of the kidneys,) of
',}

the Klii.seb baboons I

(:jl

modificat:<~onspromoting w'ater con~~rvation were investigated.

concentrations:
\)

faecal water conservat.iqn
_:/

and behaviourial

The anatomy of t.ne kidney~ of Kuiseb baboons (kidneys Were
, '\ 0
\ ~

obtained from arrima.Iethat cri~d naturally) was also comparedwith

kidney anatomy of baboons from the Northern TrarV"-'faa1,South
\~J

Africa to determine'\f any differences existed between the two

populations.

A summaryof the conclusions of this work is discussed in Chapter

11. c5



S·TUDY AREA

The baboon troop that.1 have studied, ori.gina!ly described by

Hami1ton (1985) as the" HLower" troop, WqS the,most westerly '\,r J
dOY'nriver,of three, troops of,,"baboOllS:Ii ving along the seasonally""':;--

dry Kuiseb River canyon that crosses the central Namil:>deSert

(Fig, .:1".1). 'The downriv~r limit of the Lower troop's ran~e was

approximately 20km upriver from ·the Des~-ft Ecological Researoh 0

Unit. Of Namibia at G9babeb (23'34"8, 15',,9:3°E). From here the
,',

Lowertroop's range st.rei:;.ched approximately 30km upatzceam with5.n

the canyon (Fig. 1.1). jf

The linear range occupied by the Lower +roop had an approximate

7 km overlap ,wi th the linear range of t.he neighbol;F')·ngtroop I t,tie
o

Middle troop, at the upriver extent of the Lower troop'S ranHe

(Hamilton, 1985; B-;rain, i990). The I-tiddle troop's range e:xt,endj~d

for a further 25 km upriver from the end of this overlap aone .

TheMiddle troop t s rr~ge had a 5 km' overlap with a third t.roop' s
.,' i!

.If .}':

range, -the Upper til:,.:-i.pp, at the Middle troop's 1~priver t ange
.',

ext.errt, The Upper troop's range extended for approximately 20

km further upstream from the upriver, -ex:trem~ of the Middler?
troop I s range. The Lower, Middle and Upper troops have

maintained these rar'l.ges from 1972 to present time (Hamilton,

1985; Brain, unpub. data). No record of these baboons' rangef:>

exists prior to 1972, but baboons were' f,~d~t recorded in the

Lowertroop Is cur r'errt; range in 1837 (Alexander, 1838).' Details

of troop structures and sizes are prov Lded in subsequent;

chapters.

8
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J~j
Althb'ugh the LowerI Middle and I~lpper troops occupj.ed adjacent

linear ranges that partially overlapped, the fol1owiti!g range "

description was specific to the Lower troop. The' section of

Kuiseb River occup Ied by the Low~r. troop forn18d the northern

ngrs iea bushes., As.one movedupriver in the r.ower troo}?,,'S ranl1e,
II'

the canyon gradually narr,{'-ed so that in the upriver section of
i ?'

boundary for the main Namib sand sea, creat-ing a c.lear definition

between the sand sea and. the near veget.ationless gravel plains

(Seely, Buskirk, Hamilton/and Dixon, 1981). Toe baboons were

restricted. to the canyon confines for food, water, shelter and "

sleeping cliffs. W':j.thin the .canyon an alluvial floodpl~ih

supported a riparian forest (F~g. 1.2) dominated by,Faidherbia

albida, Aqacia erioloba, Euclea pseUdebenu~"\\trees an(rS~lVadQra,
iJ

t.heir rang.e both canyon floor area and total veget'p.ted space We):'e
II \)

less than one quar cer' of that in the downriver se~tioh (Ham.ilton

and Tilson, 1982). Baboon "plant :eood was abundant in the

downriver extent of the tower troop's range .but this was' the
\,' . ,/71 .

first area to lose sur+ace water following the shdrt annual 'flood

(river flow is dealt with in the following chapter). Thl.lswit~in

their range I the ~Jrad:i.entof resources included an increaslng;l

downriver cr:r;adient of food and a sea,sona;L gradient of water~.

increasing in the oppost t.e direction (Hamilton and Tilson, 198&;

Brain, 1990). Lower troop baboons had ther~fbre to choose

between eating and drinking, especially at ,times of water

shortage when water was localised at the extreme upriver limit

of t.heir range (Brain, 1988).



'...~ ..•..•..'.'~__J
]

\1

I

I
I
I
I
I

"I.1
I

I

km ;.i

GRAVEL PLAINS

I

I

I
I
I

I

1

"I
1

STUDY AREA

012=- km

S;'~iO OUNES



Figure 1.2. Aerial view of a sect Lon of 'the Kuiseb River canyon cccupi.ed by 'the babcons , (sc:ale: one em=

approximately ZOrn.)
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spotted hyaenas (.c..rocut.qcrocuta,) were .the only large predators

coinhabi ting .the baboons I range bl,lt were not observed to prey

upon the baboons. other medium to large ~slz~.I1...,mf@lffial::;lilTing

alongside the baboons included jackal (~nis mesomelas)( African
\~:,

wildcat (Felis lybica), gemsbok (Dry-X gazella), steenbuck.
"

(Raphicerus campestri~) and klip.springer (017eotragl..'tsQ,.reotragus)•

'I

Theclimate of the study area;'" moderate for a destt areif'...ith

little seasonal temperat.ure variation (Lancaster, Lanca.ster and

Seely( 1984). A climatic summaryof the study area is provided=----

for the study period,61987 through 1992) 'in Table 1.1. Climatic

data were recorded' at;;'Oopabeh, the neares.t first order weather

station.

Table 3..1 '(pages 13, l4 and 15). cl.imatic SU!IllUI1ryof the stUdy area for the periOd 1987-19S2. <;;empera.tures

are in °c and .r;;t.int,tll in mm,

12
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Rainfall ~Mean Temperature Mean Temperature
1987

OBHOO 14HOOMax 20HOO
2404 Q

27 .2 0

26.6 0
26.2 12.3
10 .4 0
21.4 0

19.4 -, 1112.
21.7 0

19.7 0

I14.8 28.230.4Jan
Feb

July

Nov

1988
Max Min

Jan 33.1 15.9
Feb 30.9 16.2
Mar 3103 15.3-Apr 30.9 15.5
May 32.6 17.7
June 29.0 12.9
July 25.2 9.2
Aug 2.7.9 11.2
Sept 29.5 9.7
Oct 28.1 9.7
Nov 31.6 13.3

~.,..

Dec 31.1 14.6
Mean 30.2 13.5

I SD 2.1 3.0_._.___

13



Mean Temperature Meal! Temperature Rainfall
1989

Max Min OaBOO :h{ROO 20BDO ,''r-
Jan 29.9 15.3 16.4 27.8 1(1.--<24.0 0.3
Feb 29.3 15.5 16.4 28.2 24.2 1.2
Mar 34.1 17.3 17.1 32.9 27.1 0
Apr 32.8 17.0 18.0 31 .6 25.9 1.3
May 30.2 16.0 16.6 29.2 23.7 11.7
June 25.4 10.5 11.2 24.2 18.0 0
July 28.0 10.4 11.8 26.9 20.7 0
Aug 26.9 9.5 10 .7 25.5 19.5 0
Sept 30.1 11.5 12.8 28.5 22.5 0

I Oct 30.3 10.3 12.6 28.3 22.4 0

I Nov 29.5 i11.3 13.2 28.6 23.5 0
Dec 29.7 13.1 14.7 ,28.5 24.2 0
Mean 29.7 13.1 14.3 28.4 23.0 Total

\ 14.5SD 2.3 2.9 2.6 2.3 2.6

Mean Temperature--r Mean Temperature Rainfall
1990

Max ~ OBHOO 14BOO 20Hoo
Jan 32.3 16.2 17.3 30.7 26.5 o
Feb 32.4 16.9 17 .9 29 .8 26.1 11.7
Mar 33.8 17.1 18.3 33.1 28.2 0
Apr 31.7 14.8 15.9 30.4 24.3 0
May 31.8 16.0 17.6 31.5 25.7 0

June 25 .8 11.4 12.1 24.5 19.4 0
July 26.0 10.1 11.0 25.2 180'8 0

Aug 29.0 10.1 10.9 27 .2 21.4 0
sept 28.4 9.5 10 .5 26.5 20.6 0
Oct 29.5 11.0 12.9 27 .7 22.1 0.7
Nov 32 .4 13.4 15.6 29.9 25 .2 0 ..-
Dec 30.9 13.6 15.2 29 .2 24.1 0
Mean 30.3 13.2 14. 6 28.8 23.S ~otal

3.0 12.4
SD 2.6 2.B 3 .0 2.6

(:!
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Mean Temperature Mean Tempe,ature Ra Lnf a Ll, r
Max M~)l OBHOO 14HOO 20nOO ,--;-~--~~~~~-=~~~--~--~I
31. 7 15.3 16.6 29.8 26.4 0

1991

Feb 31.7 15.8 16.6 29.8 26 0 0r----.~---------+------~+-~----~~~~~~~·~~--~----~I
Mar 34.1 16.8 18.0 32.9 27.1 2'~7I~-----r---~,,----~-------~
Apr 34.7 18. a 19.3 33.9 27.7 7 .•0

July 28.8 17.3 13.~ 28.1 21.4 0
11-----=--+----
Aug 27.3 9.9 10.9 24.8 19.._l__ I----....__O__ ~._l,

Sept 27.9 9.8 11.0 26.4 20.9 0

Jan

1f-1>1_;ay=--+----3-1_.8_-t__..__1-5-,_6__1--"-1_6__•7_,-+........:::.31•5 25•4 0

June 25 .0 10.1 11.3 24. :3 18.6, 0--'_--'--~---~-------~----~~--~-4~~~~--~--~~1
July 25.6 11.5 12.1 23.9 19.0 01f-~~-r~------7--~---r------+---~~~~~-+---~---'---
Aug 27.4 9.5 10.6 26~1 20.1 0I~~---r-------~~·----~------+-----~-------+---------ll
Sept 26.6 9.1 10.4 25.0 18.6 0I~'~--r---------~~
Oct 28.0 1,10.7 12.3 26.5 20.4 0

Nov 32.6 14.0 16.5 31.2 25.7 6.3
Dec 31.2 15.1 16.8 29.7 25.5 1.2

Mean 30.0 13.5 14.8 28.7 23.4 Total
17.2

3.3 3.1 3.2 3.4 '3.7SD

1992
Mean Temperature Mean Temperature

\fRaJ.nfall
Max Min OBHOO 14HOO\;";'20HOOI"

Jan 34.3 1.7.0 l.8.9 32.7 28,,3 0--~-- +~-- ~ 4-~ __--~ __-__-+- -41

33.0 .. 14.8 16.6 31.0 26.,9,) 0Feb
30.7 14.cR.;)\ 14.8 28.9 24.3 01r------r------~~~--_7

15. ~(' 16.3 31.9 26.3 0

32.0 15..6 16.5" 30.4 24.5 0,---+------~-~--~--~I
27.6 11.9 13.5 26.9 20.6 I 0

Mar

Apr 33.3

June

May

,r-0~ct~~~-__ -2-7-.8---~~1~O-.-1-~--11--.5-_r.~2~5-.~9---'~-19__.8__+-__0-). ~1

Nov 30.9 12.0 14.1 30.2 24.1 0

Ir-De-c---~__3-1-.--3~-+-~1-2-.9--+--1-4.~.6~-~~2~9~.~6-~--2~4_.3_-+----0--,--~1

(

1)-1 MrlS-'De-a-n---+--_3_0-._4 -1-- 13. 4 14•4 28 .9 23•4 TO~~~

~ 2.5 2.7 2.5 2.5 3.0
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The process of acceptance of

humans by the baboon.s

(H.abituation)

The baboons studied for this thesis were habituated by Ginger

Mauneyand myself. Initially the baboons would not tolerate

humanson foot at less than .300mand had not had any regular

humancontact since a brief period in 1972 (Hamil-ton, 1985).~.Our
approach to "gaining acceptance by the baboons wi.thout obviously

affecting their behaviour was to maintain a presence only and not

to provision or interact with the baboons. We spent, a per'Lod

totalling around 10 months between December 1986 and June 1990
(see Chapter 2) habituating the baboons to our presence, of which

approximately 20 days of each 111.0nthwere spent moving on foot

with the troop. We gradually moved closer and closer to the

baboons until wewere accepted by them at close range (Fig.!. 3) .

At this stage our p;,resence did hot appear to influence the

baboons' behaviour a&;they appeared to eat normally, movein an
'.)

unafraid manner and continued to breed despite our presence.

This tolerance was maintained as the study progressGd, ~ut the

baboons were only moderately tolerant of other humanindividuals

and then only towards the latter stages of the 1(tudy.
p<

i:
11

Themethod of habituation of baboons inth:i.s study was similar

to that used by Hamilton (pers t_ commi ) in Botswana and in both

s·tudies near complete habituation was achieved without

16



provisioning the animals. In :SotsV!anaI however; 1m 1 iln;;L_f-n the

Kuiseb, many different peopl.s Were LnvoIved in the habituatioti~'

proCl.l~ and tr,,:-::.f baboons came to accept any humanbe.ing at close

range.

At all stages of: the Kuiseb study we exercised the utmost caution

not to damage our acc~ptance by the baboons. This precaution

placed certain limitations on some of the invasive:: physiological

procedures carried out (Chapters 8, 9" and 10).<in termi~of sample
I',

sizes and m~thodolog}". These limitations are discus~ed in the:~ .' : .- ___ ,I 1
, 'l"

relevant chapt.ecs, All procedures were carried out in 'Waysleast

likely to damage the baboons I acceptance of us as this acceptance

was essential to tlle successful completion of 'this study.

Figure 1.3. witn~n ten months ~]~.haq l\abituateelthe- baboons fl::omthe.ir original wild stat!;l .aM intolerance
of bumanlito one of near completa acceptance of us. We'were able to s1:udythe I:>al:lOOn!l 4't cl.ose :::-ange
\~ithoilt obviously a;ffecting thl!!ir behaviour. IIers Ginger Mauney.nnelthrs,e LoWertroop baboons catch the

mcrnins s~n.

17



Demograph.ic.. chang~.s\~\.and "causes

of death in th..e Lower troop

18
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INTRODUCTION
Xhestudy of de~ographic and life history variables is important

in wild populations as a means to -g~edict theil: prospects for

survival. While data on demographic structure are available .for

most non-humanprimate species, only a few studies have been of

sufficient duration (> 20 'xears) for the construction of life
\

tables concerning the fate 6£ an entire cohort, Howe~lerI Ii fe

history data can be meaningfu.l from shorter studies by

determining mortality rates wlthin age specific classes (Dunbar"

1987; Dittus, 1975). These data, however long or short term,

suffer from th~>faC:t tJict£ as environmental conditions fluctuate

from year to year so too do b~,rth and death rates and are

ther:efore population and time-sPecifiC.

Whennon-humanprimate popuaat.Lons <suffer heavy mortalities under

nat.ural conditions, mortality does not usually fall evenly on all

age-sex classes. Extreme environmental conditions have produced

disproportionately high juvenile and infant mortality among

cercopithicines [vervets (st:ruhsaker, 1973), macaques (Dittus,

1977)] and for baboons living in nutritionally poor habitats, the

proportion 9f infants surviving to an age of lB mont(;;~\iCanbe as

low as 4(.)per cent (Altmann, Altmann" Hausfater and MoCuskeyI

1977). Food shortage and malnutrition appear to be major causes

of deat', (Dittus, 1977; Mori, 1979) witb disease, temperature

stress and predation implicated as ].essej,'"causes (DunbarI 1980;
Cheney, Lee and Seyfarth t 1981). Water shortage during gry

seasons and drought has been considered an important factor in

19



non-huma.nprimate population crashes mainly throu.gh restricting

the area acqessible to the primates thereby decrea~>ing food

availabili ty (Wrangham~1981 i Hamilt(~n, 1985).

FromDec. 1988 to Dec. 1992, ;;1.: r eco.rded the death of 29 of 36

infants born...in one desert baboon (Eapio .Qynoce_phalusursinus)

troop. Further, I lestabl;Lshed the cause of deat.h for 27 of the
.:' ,I', . . .....'. ,

infant deaths and have also discovered the cauae of de,ath for
.lj

most individuals in various other agi~groups. In this Chapter
, . Ii

I present. the demographic chanqes-witrUn this troop and' use this. . ;! ," .

to determine the prospects foT-'.their survival.

STUDY AREA AND MET1BODS

This study was conduct.ed on the. Lower t.rbop of Kuiseb baboons
',~

(Chapter 1) and details of the study area are provided in ,Ghd:pter

1.

I recorded the demographic cha.nges of the Lower troop over an '72
"

month period of which results for 48 months appear in 13rcHn

(1992). I individually identified all baboons in the troop

within two weeks after the okset of t.he ,study in Deceml:;~r1986.

Thereafter I changes in numbezs of baboonscan the troop resultire
"\

frombirths, deaths, immigrations, emigrations and disappearances

were recorded. I used the a,ge-sex classification of Altmann and

Altmann (1970) in categorisi!"tg infants (0 - 1 yei~:t)I juven;.les
>, >\

, f 1r

(1 - 4 years) I adult females () 4 years-), subaduLt, males (4,r 6
I ••,



years) and adult males (> 6 years). The use of this

classification was facilitated i.n this study because, the birth

dates of all infants were known. at worst to within tW()weeks and

there were no juveniles or infants in the troop at the onset of

the study (see Results). Intermittent observation periods by

myself between 1986 and 1989 (12 Dec 1986 - 21 Jan 1987, 4 June

1987 .- 3 July 1987 and 9 Dec 1987 - 3 Jan 1988) were d.ugmented

by r€~gular demographic (jbservations on the baboona by staff
"

members at the Desert' Ecological Research Unit of Namibia

CD.E.R.U.N). FrOmSep 1989 to Dec 1992 I spent 18 :t 6 days per

month for 39 months in permanent close contact with the baboons.

Completehabituation ( r the baboons (Cha.pter 1) was only achieV~d

during the intensive study period. Prior to habituation,

observations were made mainly through binoculars while for the

intensive study per~od observations were madewith the naked eye

and binoculars. Staff members of the D. E.R •U .:N. were not able

to individually identify baboons but were able to count

individuals in the various age/sex groups. I am confident that

most births during the intermi tt;ent ,observation periods have been

accounted for because the reproductdve state of ind.ividual

females was monitored. Predictiom:; of birth dates worked out

from estimated cutiception (deturnesc,ence manus two to three days

[Gillman and Gilbert,1946]) were made only during the intensive

observation period when a gestation period for each adul t femt~le

in the Lower troop had been estimated. Predictions of birth

dates thereafter were accurate to within two days (n==20). The

ages of other infants were known, at worst, to the 'I1~arest

f' '1 Iiifortnight. ;J;hfants' sex was determined at the .J.rst avaa ab e\
" \

"2/,1.



opportunj ty by QbsE'qfving'<:!xtermal genitalia through binoculars,

RESULTS

IJ
There were no juveniles in the Lower troop in DeceJ.tUqle)::-1986 with

only one sub+aduLt male (Table 2.1). 11

Since th~ln, with one

juvenile female reaching adulthood, no adult femci;l~~transfers

from elsewhere (eg. Anderson, 1981) and with one ,Iad-ult female

death (Fig 2.1)" the number of adult females ilu~s remained

unchanged (Table 2.1 and Fig 2.1). 11..1though there, ",rere a large

number of adult male immigrants (Fig 2.1 and see C,h,6Jpter6) the

number of adult males in. the troop has remained reasonably

constant (Table 2.1).

Adult and Adult Juveniles Infa\nts
nsUbadult· fema:!.es 1-4 YE)arS 0-1 TOtal

males year

December 1986 5 7 0 0 12
1------
Immigrants 12 0 0 0 12

Emigrants 4 0 0 0 4
-.-

Births - - - 36 36

Dei',ths 5 1 0 29 35

Disappearances 4 0 0 0 4
-

December 1992 5* 7 3 1 17
l!::::
Table 2.1. su~~~y of the demo9~a~hid changes in the Lower troop. ~ one subadult ·lliale(72 months old)
inc:\Jldedin totaL
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Am nee - - - - : - _, - - - - - - - ....
Co Dec - ;1••- - - - - - - - - - - - - - - died

Ha------j----------------~"--------~---------------------------~IBo

cDec--------~-----------~------- ...-...--......-.........-...----
Dec--- ...------~----------- ...----- ...-~~------ ...--...---

Gr nee k n _ _ __ _ _ _ __ __ ,I

Sp Dec-- ...- .........- .....- -_ ...-~ ...- ......- -~.-- ...- ...-- -- - ......----- --- ...--

1988 11989 11990 11991 11992. 11993

Ga
.

Dec-- ...---------------------~-~----------~-------
Sa oJan---left

l·)~h June",-- -l'.eft (/

Dec-- ---- --- ...--- --- -----killed

NeI~-----+---,~----------~---------------------~-----.......----------------·~I
A).

June....- -.--- ...- ......~- --;. -- ---killed

Oec--------- ....--killed

Du

Gr

Oct-- ~---.-'_-- -.......j'''' .. ---- -- ... -

NOv...--------------....-------
..

No June--leEt
Wh .June- ......- __..........M - ........... - ......

Dec:.. ~- '.'- -- .. .:.....- -- ...- - :.:.-- ......--- - -- - ---.:; --- -died
II (imtltobilization a6Ciderl't)~~_:&~==~====~~~~='O~~~~~~~================.~=~.==~=======..~~

\~,,>-

Fig. 2.1. S~hematic !epreeentation of eh~ngea in Lower. troop ~tructure during the otudy pe~iod.

St

Si
Ft

May------left

Aug- _,.;.- - ...-~<;illed
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f:'

Of 36 infants born, 30 died (incJ.udi~~g one still b~:rth - Table

2.2) before reachir'lg 1 year of age (Table 2.2). All adult
. ,. "

females were fertile, each giving birth two or mor'e times during
,.:,~ .

the study (Table 2.2). For. the sE!!venadult fernales, a meanbirth

rate of one infant every 341 ± 158 days (x ± SD)Qwasrecorded.

lnfarits were born during two 'tolell defined birth periods.!

~

I
!
!
I
f

f~

I
I kidnapping (Chapter 5) caused th~ death of il'lfants. born to the

• four lower-ranki'!9' adul t fel\lales (Table ;!.2}: 'w~en t~e number

~ of
"i,

September to January and April ..to July (Fig. 2' • 2) '. Of the 36
" ., .~~-.

infants born, 21 were males,<' 1-4 ....females of

undet.erm trred sex. 'Three males and!three fl~males surv~.v~dto more
\'\

than one year of age.' Details, regardin~ the cause of infant ,.','

death are in Table 2.2 ana th('i!pathology assoclated YTith the

I' "
infants born to ~he, t.9P tht'~i~\\\ranlting adult. female bap,o\qtl~ diEd

: i/ .. ' .

f'rom tick infestatiqn w~ile 'tick infestation qti~ir.at\i\l infant
~ l

infant deaths due to ti¢k infestations versus infant

ktdnappings were compared fOr high, (top three) rn.nki'ng female

baboons and lower-ranking female baooons in a contingency tabl~,

a significant' deviatiQn from the expected was found ()chi-~quare

test with Yates cf)rrection, :x;a ;:: aO.5, 'P < Q.OQ1) .. (Ci:t"cumstanc$s
, ,=.;, " . . 'i' ,f ~)J.

surrounding the causes of infant deaths of, both highj~:~M~/low
, , ,j "'If· "!::'-;?1( \~

ranking felltale bab~ons are add~ssed in, Chapters 4 aAa. 5~~,. './"-;::.
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(IAninfant survivorship curve has been constructed for the tower
fi troop for the period from birth through approximately one year
•Iof a~e. (Fig. 2.3). Fromthe figure it is clear that infants

~survlv1ng to three months oC lage will probablY,' survive to i}t

1 least on" year. stated otherwisa; th"re "as an infant mortality

I rate (ie, number of infant that died per 35 live births) of 0.86

I for the first year.
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Fl,gure 2.' .. " Birth periods of infants in the tower trQqp.
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The mean duration of

intervals were known

the int.erbi~·Eh5;nteriTals (where interbirth
. /1 '. '. <: •

to the day) for adult females Gn ;:: 7) whose

infants died soon after hirth (see Table' 2.2) WaS 323 ± 5.7 days

(Sc ± SD). For the females Iiwhose infants survived and

subsequently gave birth to another infant during the study' (see

Table 2,2), a mean interbirtn interval of 27 ± 6 months (x ± SD)

was calculated.
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• \ .... . 'ving to a specHic age. :in. months) curve fo!;
Figurt' 2.J. survi"'ors!)ip (proportJ.on V;lf ;LllfMlts born suL'vl. .. ...• ...
. . . 1\. "em"'~r· '"96 to DeCf;!mber 1991.
~ntants (n=29) born in thl;! :Lower troop~~.t:'om .yec. '-"= .. H.
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months
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U.nll·ke t··he w.at:rlt fema.les Ln .t····h·u.s t.'",oop,·.... . ... adult male numbers

:fluctuated as a :result :of immigration, emigr,ation and death
,', " , '" 'f'::::::~

(Table 2.1 i Chapter 6). Three of the four adult males whodied

following fights we~e re?overed for autopsy soap afteJ:' death.

one,nraledied from a se'l'e~e purulent peritonitis':Eollowing a le:Et

abdominalpuncture tvound, and another from hlood loss resulting

from canine-inflicted gashes· to his neck, head and chest.

Mother died following a particularly violent fight in which a

large part of his maxilla, including two~inciso~s, a canine and

a preITio].~rwas Ii terally bi.tten Off by ,~~'Ls. :l\val.
~'.! :.

He
deteriorated .rapidly I stumbled into a hollow and fell onto a

large (1. 9m) black spitting cobra, (Ncaja nigricolis) which

appeared to strike the weakened baboon twice. He died soon

thereafter. One sub-adult male "lith particularly bad tick
(

related lesions extending around his neck, back of his head and

mandiblewas having difficulty eating and moving at the time of

hi~ disappearance and is, presumed to have died. I subsequently

discovered the remains of a sub-adult ma'ie in the nearby area

ffiQ.tchingthe features 'Of the one whodisappeared.

My results show that li.ke other species of large mamma.ls

(Smithers, 1983) I the age-specific death rate was higher for
'!Ii
I~"

infants a.nd adult males than for juveniles or adui..l.tf'ema.Lea,
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HoweverI an infant rnortali ty rate·. OVer 6 years Qf 0.86 for the
./\

first three mont.hs of ri:te~jredorded here is far in excess of the

infant mortality rate of 0 • .3 reported for ;r;rl:~ cynocephalus
:,:';:,:" ',' , ) ,~.,,\ r:

(Altmannet aL, 1977)"\or any other non-human p,rimate populat;ion

(Dunbar 19B'S') •.... 'If a 1nOrtalitY'rate"for inqi""';,duals :-between·"2'~'5 l'

years and B. 5 years of 0.13 - 0.17 per annum, such as r~ported

from cercopith.icine population!;; elsewhere (Sade, Cushing,

cushing, Dunaif, Figueroa, Kaplin; Laurer, Rhodes and schneader-,

1976; Dunbar, 1980) were to occur in the Lower troop, the number

of juveniles reachiJ~Jl adulthood would be approximately halved.
, ,-- \--'

....onsaquerrt Iy, undf.;; present cOl1¢iitions, it is not obvious that

the t.rccp is ~~elf-sustainin9' and even a slight deterioration in

infant/)'lvenile survival could be catastrophic •

\j

Birth rates amongst non-human primate,s are known to varysovar

short periods of time (ounbar, 1988; strum and Western, 1982).

HoweverI the birth rate of one infant. per female every 341 days

recorded for my baboons was significantly higher than the 661

days for F.Q,piQ cynocephalus (Altmann and Altmann, 1970) and the

665days for papic anubis (Ro,\,rell, 1966) (t test with Bonferroni
. - - \) n

correction for repeated measures, p < 0.001 for, both) ¥, '.'

This unusually high birth rate is a. result of the high incidence

of neonatal mortali.ty and- corresponding dec.rease in duration Of

inter-birth intervals. The duration of corresponding inter-birth

intervals for females wb6se infants survived to one year is

consistent with findings elsewhere (Altmann and Altmann, 1970;

Altmannet aI, 1977) where a post-partum amenorrhea is associated

29



with {tactation. Data on inter~birth intervals for ,females with

surviv~ng infants, although few, suggest an absence of other

factors (eg, stress) ell?vating birth rate.

The .demographic data presentedChererespecially····regarding in;ant
. . .

deaths, indicated that an unusual and poss,ibly..uniq~e interaction

of environmental and social variables were at worlt,J.n this baboon,
. '"'1· -~~

troop. )The troop was not in equilibrium so the factors at work

were probably leading to its extinction, despite any adaptations

that might have occurred. These factors lqere likely to. include
_' ."_... - - ,

." (In
variables involving abiotic and biological components, each of

which is dealt with in the fOllowing chapters.

\\
I:)

!.\

\\
Ii
,\
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INTRODUCTION
\

Baboons have. been living" in 'the Na.mib desert in an area

corresponding to that c\lrre:n.tly OC9Upi~d bt tHe Lower troop

(Chapter 1) since at least 1837 ',2\:.lexander, 1838) ~ Between 1972
,,

and 1992 the Lower troop has maintained an ~dentical range
" ,~,

(Hamilton, 1985; Brain, 1990). S~tmilarlYI both the climate and
/~ ,

vegetation of the area described:, for this study (Chapter 1)

corre'3ponded to that previously r(~ported (Lancaster, Lancaster
I_I ij ~\ \ ". I

"I

and seely, 1984; Theron, van Rooyen~ van Ttooyenand Janko\vitz.,
\\
;

1985)• Ii

i\ '
\1
\1

'A demographic study of the Lower troop of baboons in 19'/9

.(i

(Hamilton 1985) showed the ,troop to have a composition that

included 8 juveniles and 2 infants and indicated that no
(,

i[

unusually high infant mortalit~y had occurred for -the pe:r!'liod1972

- 1979. This contrasts sha.rply with the unusctal troop

conpostt.Ion in 1986 (Chapter 2, Table Z..1) and the exceptionally

high infant mortality since then (Chapter 2, Table 2.:2).

Onehighly variable factor within the baboons I range coveri:tlg my

years of baboon observation was the annuaL flooding of. the Kuiseb

River and the year round water availa.bility thereafter. rTf! turn,

water availability was a ,major determinant of daily movement

patterns of the baboons (Brain, '1990; f[amilt.on and Tilson, 1982).

In this chapter 1 analyze the extenft: of the changes in these

variables (water availability and baboon travel) ana indit;ate how
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they might be responsible fot, tb,e"babaons I recent demise (Ch,apt.:~r
,; .. ,;,;,,;

I._ _,~'~

2) .

STUDY ,AREA AND
'/

Thebaboons and the range occupied by them in t.he !2ieasonaJ.ly dry

Kuiseb River canyon are detailed in Chapter 1.

._i) ;!. :'" :;:\

Seasonal rains in the 14700 km2 iriland cat.chuent; (Hun~16)tl 1985)

of the Kuiseb :River resulted in sporadic river flo~s bet~~Cln
II "

December and April e:,ilring my study ..' Att~f,ough flood. water

remained as pools in the river :b,ed immediately after fJiPw had

stopped! pools within the downriver extent (Cp.apter 1) of t~he
" .-", r:' :.

troop's range dried within two months. Only the Upper third of

the IJower t.rcop ' s range extended into the section of canyon where

active downcutting of the river was still Lraking place (Blom and

Bouwer, 1985 )\,. Pools in this section persisted. for two to eight

months after flooding. Although permanent water Wi:.$ "available

a few kilometers upriver of .t.he ·l.,pper bour.,d~irY of the Lower
;'.-

troop I S range, there were periods b'~fore th~ floods when there

was no water in the, troop I s range. As the pools dried and

disappeared in the baboons 1 range I baboons, together with ge:msbcik

(Ory~ gazella) I (crocuta crocuta)
r';,!1

and jackalspot.ted hyenas

(Cani!:! mesomela~J mainhhned temporary' aqjt:ess to water by digging
. . . ;.

down to the -\>later table (Hamilton, Buskirk and Buskirk, 1976;

Brain, 1990). Ec~ch excavation allowed for only one baboon ae a

time to drink (Brairlf 1)90) •

:.':_._-.'--':"' ___
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Blomand souver (19,85) determined that th;e water table in \,.,'.~he
D

upriver extent of the Lower tl:"OOptS range declined a.t a rate 'of

O,16mper mont1p.between floo<:).s and that periods "',)Of riv~r flow

W8recritical in recharging tt1e ~ater table. By elf.:trapolating
!\ ..//

'. ". \\.)(" ,.. .. .

'::;tis information, into my st\uq~ period, an ex:am~nat~Ol'l"of :bouts

of annual KU,:Lf;eb'River ftoW W~V?"'o,proviq.p <an indication of po~;'\:

flood water availaibil;Lty to the .¢:ibo~.'~hsduring-\Riy study.

\'.\

Timj,ngand fl::\,;>w durationslbf f1009.s have heel?-measured c;lt Gobabeb
'~ .' p ,

since 1966 (S\\~ely, Busk~fikt Hamilton and Dixon, 1981; Ward and
'"

Breen, 1983). \\nata from these stud~_es are used here along with

my data of ri'J~r flow at; Gqbabeb since 1980'. !ro assess the
'~\'

cumulative effe?t,t of successive increased/decreas~d periods of

river f10\l1, :[ to6ls'-the mean period of river flow over .the "1966 .-

1992period' (18 &~!~-:-fand:expr~ssed each year's' fl~~,s.ince 1966
, '. -~ \'

as a devi.at.Lcn f;-Oi~',this mean. The deviation from th'e mean was

added to the 't,recedi:tl,9"years'v<;l.lUe when greater than· th~\ mean and"
\ "

subtracted wne.'n less \ 'j:han tbe mean in a cumu.l.at.Lvefashion.
>\ "

\
;\

'\
\\

Todetermine the numbet of days Lower<troop baboons spent without
\ .

drinking between 'i:~o su:bcessi're floods and the movement patterns

associated with coriesponding drinking and non--.drinking periods t

I moved vr~.th the baboons on foot for 231 days (dawn to dusk)

between the successive floods in January 1991 and January 1992.

, '"

This period was se lected in favour 'of a longer pel'iod because of

the physical di:f£icul ties associated with ('living with baboons for

long periods on e~d.
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Becauseof the lineax:ity of the baboons range (Chb.p'ter 1...figure"
.- ~ . .

1.1), r VIas able to accl.:lrat~ly determine' distances of daily

movement. I did this by 1fiarking each 500' m'~te'rs of their 30

kilometre range # and within each 500 m~er stret~lh I measuring the

distance between pr'cmi.nent; landmarks.

In conjdi~,~?tionwith·· movement o.a.ta. on drinking and non-drinking

days, 1 used scan z<3,mpling procedures" (-Altmann, 1974) to obtain

quantitative data on periods'·' the baboons spent resting under the
-. .,) - - - - - -', ,.':, - - .. ,\) , -t.rees, Sa.mplJ.ngwas carrl.ed out at half hourly j,ntervCl,ls on days

wnenwater was availa.ble (n::::9) and 1I:~henit was not (n=9). T,ne

bl'() sampling ,periods occurred at the .aame time of year and when

the same food sources were being i,~~ed. 'Climatological data for
o

the two sampling periods were rec\':)rded at Gobabeq and ::~OIl".pared

using the Marm-t"1hit.ney U o.1::est. Ea<:!hhalf hour a sweep was made
.It)

from one side of the troop tb, the other' recording< wha1~each

visible animal was doing,) ~n as near an instantaneous sample as
";\ ,j

possible. "
In the present context the number of animals

stationary under the treeS welZ.9recorded. r.cheml?dicihnumber and

ranges of records (counts per scan sample) obtained :Et'omhalf

hourly scan samples f(,')r eaoh (hour (ie, two half hour samples) for

the nine days each when wate:r;']was and was not",available iwere 184

(110 - 230) and 230 (202 - ?,38) respectively.

All data COllected by scan sampling was arcsin-square root

transformed prior to statistical (ANQOVA and ANOVA) analysis.
f\
Ij

Data were transformed because they 'Were percentages with vaLuea
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close to 0 and 1.00 pet"cent.

comparemovement da ta.

RESULTS

The Mann",:Whitney U test ~;.'S used ~?
//~

1\

each year since l.966.

Figure 3.1 shows the total days of l{uiseb River flow at Gobabeb

These ciata (Figc' :3 .1) .were used to
. 0 .

determine the cumulative residUal values plotteg in Figure 3.2,

and Figure 3.2 demonstrates the cumUlative effect or decreased

river flow in recent' years.
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ftQIn Ward and Seely (l~99). Data from 1996; '~o 1992 f1;.OIll Brain (unpllb. data).
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j)
,;

Since 1986 the baboons have had .to e)t?-avat.e for wate;I:'each year

for seve:r:al months prior to ,flooding. For 1989.,1990 and 19'916

unliJte any pravaous Ly recoFded years (1972 - 1988 (Hamilton,

198i; Brain, 1988]) when excavations
i\, . '.. ,

flodding, excavation.s .were dry by late December and the babcons-

never d:r:ied up prior to

were without water until the next flood. In 1992, all

excavations were dry by Ootobel;"",anq. 'tIpe baboons Wf3re wituout
o ~ ~'...:__"'>~:

W'atex-until tile flood arrived on 29"'Uanuary 1993.
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rivet How from 1966 to 1992.
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!n 231obse.rvation day~ :between JaQ.uary 1990 to end ,Januq.:r.y1991~~---'

the baboons spent a total of 104, days (ra,nge of continuous period

= 1 - 26 days) without drtnking. Single day non-drinking periods

occurred as early as Apr~~ when the haboon,$) left loc;,alised tl}'ater

sources to fe.~d further down!i\rer • The numbar and duration of

non-drinking periods are shown schematically in Figure 3.3"

Maximumcontinuous non"'drinlting,. Periods of 13 and 26 days

occurred only after NOVember. In other years since 1986, non-
0j'-C~;:_:_:;

drinking periods of 7,8,9 t}l and 20 days were r~dorded ...from
1)

Novemberonwards (Brain, 1988), but these were spot observations

and do not represent a eompnehena lve record. In, :1992{\. after the

last water dried in october, the baboons went for 116 days

wi thout drinkiI}g (Brain, .unpub . da ta) •

.. . , "" \., ". , " :",. " "." " "" .." "..]
~

\ .~. .. ,. ' ~.~.\: ..:..." "." ,. f!~.j) " ,. ..
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\
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(
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d tic o~ Mn ..<ldnld.lig periods from Jl1nulit'] 1.990Ftgure 3.3. schematic representation of the number and ura n
to Janullry 19H.
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\\, - \'., )
\

Lo';{ertroop baboons mov~f Shb'rterdailY,distances on non-d.;rink~ng
. ~'"

dayS (n = 29 i median::: a~; ,range 0.1 ....4. 6km} than qp. days
~,:':: ' "

-
t·,

when water was drunk" (n ;: ,19; median ::: 6. SkIn; range 2 - 15km)
'J

(Mann-Whitney U test, 0 Z ::: '\,~..28, :p -< o. OOl}:,; , The mean .daily
~, .::.-

ll'la.ximulntemperature fat t4e nonrprinkina- and drinking petip'ds was

.28.7"C ± 6.7°C and 30.6°<::: ± 4°C (x ± 'S1). 1!llere was no
;:-: c

significant diff~rel'lce be.tweert the xna:ximumdaily te~pe;r;-atures of'

the non-drinking and drinking periods (~ann-Whitne}f U b~st; z:::
0.al1, p >' 0.4). For t'he 26 day continuous l1on-d;-inking period,

the baboons moved Si~lli£iccirltly shorter- daily dist~hces (median

= 1 kIn; range 0.5 - 3km) than prEiviously "recorded on I1on-drinkin'g
. _', .' .1\ _ ::' ,j ,_ _ _. -.J \\

days (Mann-Whitney U test; Z :::'3.9, P < 0.001) ~ Sim~1arly I there

was no significant diffOrence between ;the maximum daily

temperatures of these non ....dri!).king periods "(}~',j;:nn"'Whitneyu test;

Z = 1.4f P > 0.1).

Besides moving shorter distances, significantly more baboons

remained stationary under trees 'at variqus times th:r.tmgh(.mt the

day on non-drinking days compared to dririking dZf1s (Fig. 3.4;

ANCOVAi covariate = hours; F = 54.3 i P < o. COl; residual d.t :::

443) • Using the Tukey test for" ANOVA" signi.ficant (l? «, 0 .•0'5)

differences were found betwe~p",>the two sampling periods for

lOHOO- 111100 I 11HOO-12HOO I 12rrOO-13HOO and 14HOQ-15HOO (Fig. 3.

4) ~There was no significant difference between the maximumdaily

temperatures of the two sampli.ng periods (Mann-wh:ttney u test;

z .~ 1.15, P > 0.3).
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lines indicate so; The vanres plott~d 'ai:. ''the hour ar~" the values 'tor "th(l ~uece~'ing) hour (eq~ '1 ... 8 at "
7:00). Arrows indicate signif.ican:c di:eferencl:!s. See text tol;' sa:1nple size!! and sampling procedu);'as.

DISCUSSION

For the duratj.o~ of my study and the ten years prior to it, t3ays

of 1(uiseb River flow each year have been below the mean qr, absent

(Figs. 3. 1 and 3. Z) .;"~;;:;in.Ge ,::1986 the baboons have, not bad water
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available to th,~mfor periods betwe~n river floods and have not

been able to maintain"; V'ial::q4 excavations to water.

Withthe clear difference 'in movement patterns of these baboons

associated with water availability, it co~ld be hypothes:i.se,d that
'/

in previous yea~\s wp,en more v.:ater we.s available to the troop i

that the troop (possibly with iifferent .indi';,tiduals) moved

greater daily dist~nces and spent; le~;s time stc~tionarY.l under

trees. othE:~rthan tile problems ,of suff1.ci,ent food and moisture,'

acquisition that decreased mov::amentcould induce (s'ee Chapter 7),

it is not intuitively obvious .:that the findings of decreased
"I _-,. - -,

water availability and movemenf reported, hel-a would be the major

underlying factor to the unusually high infant mortali ty i~l the
,-;

'.\

Lowertroop (Chapter 2). "AllY dramatic decline; in baboon food
Ii \\' ...

availabili ty" quality or reduc~d accaas, t.o food plants. as, a

result of decz'eaaed water availability would have b~en expect.ed

to manifested itself in the baboon $:\ at least throp.gh loss of
, I' I".

cond.i tion with decreased rept,odu.ction. This appearJa· r.tot to he

the case because thE:! habco'ns ~ppr.irently maintained body condition

throughout the study ~lnd for "ad'Q.lt fexnaJ,es, reproductive

performance.was not affecbed (Bra:ii:n,1992; Chapter 2, Table 2.2).
';1

",.'

savannababoons elsewhere in arid habitats, when faced with water

Shortages or drought increase their distance 9f daily travel in
ir

order to reach food and water sources (H~ll, 1963; stoltz and
-..:\ .' )~1

-;
'~,

Saayman, 1970; Anderson, 1981
1

\11). consequently, for baboon
("

POpulations in arid p.abitats, drY seasons have been associated

with increased movement.s for the rlcquisi tion of sufficient food
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and water. Deaths during the~e periqds usually, result from

malnutrition and s'tarvat;Lon (Dunbar t 1988). Decreased Il\QveIitent

and lethargy under food (not 'Water) shortages in f):ee"":tanging
" ,

condj.tions has heerl., reported for b~boons. (Hall, 19Q.3) and

macaques (Dittus 1980), but apI?e~i' to have had the expected

consequen';::es of starva.tion and weight loss 9nly.

It is only when the actual major cause, of infant dea.th in tJ:H3
1 ' .... 1\"

Kuis.eb baboon troop, ie, ectoparasite infestation (Chapter 2}j
.' '\

is considered that a potential"linkbetween Vi;ateravailability\

and infant mortality becomes apparent. )!;ctoparasite inJ'estationg.
()

of animals are frequentlY· as'sociated with animal (s ) movement, or

the lack thereof, in infested :areas (Howell, Walker, and Nevill,

1978j Horak, 1982). AllY factor resultiQg in mote time being
, .r: (}

spent by the animal fs) in ectopCJ,rasite infested areas 'will
~ \.;j

increase the likelihood of tr.:e animals acq~iring a 'greater

lnfestatio}:l,' For the l<uiseh baboons" decr'eaaed free 1-later
\\

availability was associated with increased stati~)nary time in

certain shade&\ areas.
(.. .:

However, ~tithOl1t kncwU.\dge of the

ectQparasites themselves t the pathology associ,ated with

infestation and the relat.ive af.\un~'ianceand. distribution of the
.\

parasites, the significance of tfi~ decreased movement;cam not be

fully appreciated. These topicS are covered in the following'

chapter.
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Chapter Four

Tick infe~/tation' and, 'lid'
, (/

, !'

endoparasites I ·of the Kuiseb

baboons "r)

,1 ,I

(:,I



INTRODUCT ION

\ (\

Tick infestations, skin lesions and skin diseases of baboons" are

rare (Mcconnell, EassoD, neVos~ lrteYillr,sand Kuntz, 1974) •

Findings of a near absence of ticks on baboons (Kunt? and MeyersI

1967; McConnellat \~l, 1974; strum, 1987) have led te'suggestions

that mutual grooming may account for this near absenoe of ticks

(Seyfarth, 1.977;,p Silk, 1987) • ...Tick infes4ations ..h~ve not

previously~-b~,~ implicated as a major cause of mortalities

amongstbaboons. Chacma baboons comprising the Lower troop of

Kuiseb baboons (Chapter 1) were heavily infested with ticks
o

(Brain and Bohrmann, 1992). Characteristic of this baboon troop

was the exceptionally hi9ll infant mortality (Brain, 1992 and

Chapter 2) 'where I determ:h:~ed that the major:tty of deaths

resulted from tick infestations.

,!"

Factors related to ectoparasite infestation by p:rimates under

natural conditions also predc' 't7posethe anamaLs to endoparas,i tes
.' . L7/

(Hausfater and Meade, 1982). consider~\ng the severity of tick

infestation of the Lower troop baboons ! thought they might have

a markedendopacasI te infestation ~$ well.

In this chapter 1 examine the tick infestation of' the baboons,

its associated pathology and the endoparasites of these baboons.

Tickswere identified and their relative abundance within ce:-:tain

areas of the baboons range determined to

,i
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study area and me'thods
\\

The baboons studied here were the J,.lOWar t.roQP' of baboons

inhabi ting the Kulseb Ri.ver canyon in th~ c¢ntral, Namib D~s'~ri,
1\

Namibia(Chapter 1).

The pathology associated. w::;ith ti.ck infestations was t?termin~d

by post mO,rteme;x~minations e.

afteI~ death (0( 5 hours),

One dead il1ftl11t wa~ re'CoVered soon. - - If _._ -. ,';_ -.--.

The apparent ~imila:r4.t1 of visible

gross pathology of the infant exemaned and. other infants that
" \?»:died led me to conclude that the cause of death ,vas similar in

all instances.
(),

r could ("not physically examine all the dead
infants because the dead ,'"infants were carried ~!oUnd by troop \,

members and it was not poss:i.:ble to recover tihem, Th~\ee adu Lt
,I
p

males vlere examined immedia,tely:' following t,heir" d~aths in'

dominance fights. Samples for histopathoI'ogy were taken \~;x:drnall
" \\ r-~ \

areas of macropat.ho Loqy and preserved in 10 percent t()rmal'ii~'land

blood smears f:t~omall the dead baboons (and 'those inunobiliz\~d -
I,.,i '. .--- '.~

Chapter 8) were, examined for' pa:casiteS. All adult ticks were

removed from the baboons, counted and preserve,d in alcohol. for

later identification. Ticks were identified in tp..e:I, laboratory
. '[) \

, _".,.,:

at the Veterinary Research Institute, Onderstepoort, Republic of

South Africa, and the central Veterinary r,laboratory, Windhoek,

Namibia.

TiCks were collected in June 1990. within the Lower troop's

a1')proximate 30kin linear range.
'.:",

A 1m2 f lanne:l; cloth (f lag)
~)

\)

a

II



/)

attached to one end qf a 1. am weoden stick was dray-ged over Shrub

vegetation at a slow walk., T~~ s~:;~ of ~he W~~kcould be kep~

approximately constant over different terl~ains. Eight,ClreaS) with
i:,',

similar plant cover, plant species coznposition and with similar

physical features were selected I¥\r,salJ1plin~ within. the baboons

range. lit each area, measuring approximately 500»'1' by 200m# ten

rti.ldomly choaen runs of 20m each ~ete sampled,. At the end of' a

20m stretch ticks were picked off <"the cloth, counted and
\\

preserved in alcohol for later idrhctifi6ation. The' medd.annt.~er"
I"~

(and range) and total 'humber of ticks cpllected 'Vias calculated
I .t

, ,,,j, .:

for each area (n=$:)." Ther, total nUnU?er of'.ticks cOl1ected"in each
'v ,

area was correlated to the number o~ "days th,e baboons had. spent
~-, ,. \,," (/ !.' \';

):

in that area over 'the 1;>recedii~g three months (a period well

within the lifes.rh;n of Rhipicephal11s ticks [Horak, 1982]) using

{,
I(
',"
j{.' ,

Tick were also sought, in other,., ar~.~asused hy the $jabootls and

Wherepossible; tiok as.soci~'tion wl.th other f!lainmal speci~,s in the

area assessed. TWO sleaping' cliffs r(~9ularlY used by the baboons
I

were searched for ticks. Domestic gd,ats, cattle and }~orsesthat., - :1 -

occa,sionally fed in the downriVer limits of the troop's ri'!!'nge

were also frequently (about twice .monthly) examined for ticks and

any morbidity Or mortality ascribed to tiok,in~estation not.ed,

Todetermine what endoparasites w~r~ present in,llthe baboons , I
j". '.

Collected nin,ety-four fresp scat samples from a:l.'l juvenile and
'.;'; ,".\ .,

adult members of the Low€;;r t.roop , oyer an 1.1 month period frotn

Feb 990 J 1"991 A m"\ar.of "~~~ ,± ~.6 replicate, ruary 1, to anuary' ,. ,. ,"
;.:< _; )

~ _.. I_
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samples were collected from .,e~ch an,~\mal> All sample!$ 'Were

analyzed. for gastro .....intestina.l parp,site" cysts I eggs ..and. larvae
"

usin~,the M. I.F. (Methiolate l.odine FO:t'lllalin) tElJchniqu,e of Sapero

and Lawless (1953).

I examinee. blood smears from six l'Ower troop baboons" placing

emphasis on the presence 6f blood parasites and ery;throcyte

dyscrasis. if

RESULTS I)

Rctoparasi tes
;-,

The infant obtained for post-mortel\'c e)(aminatiGn .harbour ed 70,,,,,{~,.!

adult ticks f most infesting the -:
muaaIe and' showed acut~//

inflammation of the nose and moufh (Fig. 4: .1).

Tick infestations of infants that died all followed simi1c.\r

sequences. Infants t'icquired ticks 9]1,,their muzzles .while th,~

baboons res ted under. tl'~~~S il} .the riyer. <) '"The numb~~~sof t.ieks\ . ,

\\ ':_

increased rapidly as more ticks crawleq on :from the sur:roundings

to a point where, after sllccessive rest periods, t.he infa'ltts were.
\

observed to be unable '\::.0 suckle and died, presumab'.~y from
"

dehydration or ~~tarvationi The situation for infant suekl;~ngwas
, \ ,,'

worsened in some cases (n~,;4) through infesta.t~on and. p~rti.a.l

Sloughing of the mother t IS b:~ats, and in al!~ such cases the ~;~fan.t
\\

died within a wee].~. Xl).no t;~\$es of tick; in!1='esta't.ion of inf~~nts
i-' '. ,', _'_ '\

did I . ,4Lt· ieks off h.e.•rsee any attempt by the mothe:r: to '::{Foom

infant.



Fisure ·1.1.. Tick infestation of an inf~nt>ll llIu7.%l.e,resutted iii acute irihillr.n\tJ.tion of 'tha 'nose ahd mouth. '. . ,. . \

i.nhlbitin; the infant from suckling, i

'\\

'\\
!
i

In November1991, the two Jjpwer troop in~ants\~)) aQ'ed two and 11
'\', '., ''/ 'f

" '.. ';~G,··I. '\
months, developed severe t:i,ck infestations o:l: nC\~H~ and mouth

,- , • - , "\' '~f

v t

during a period when the haJ;:;c\on troD}? was wj\thO~l:t water and

48
7.6km ....spending all their time arouna one "\£ig '\tree

" \\
,\



Cbapter 1). These ,infestations visibly !intensif'ieCl du:r:ing this '"
.i)

period so that by the eighteenth day withou~ :water the two ,mo~th

old infant was hav~_~~~:::_~:~:tysuckling_. HE!!r mother :frequently

had to hold the infant on her 'ventrum while walki~g and c the

infant I s head hung down limply~. Ort the twentieth' day without:

watef( an isolated _rainf3torm.filleCi ~ pool J.lp::J_n ._..the c'anyon. The
'i::

babOOIlS immeviat¢ly .le~~ the fig tre.e an_(~~e~ to the_ raih pdq,l

7kmfurther upstream, and for a .week thiareaftex- drank daily and
'<,' " . .t :

ranged the canyon .•sides ;;~or Joad.- ,- Bot.h in~?nts improved
J

dramatic(~llY as engorged tiCA\S dr~~e£o£f and infants were not

reinfest.el? with qther. tick;). "lrowevJ~)}\once i:;he_rain 'pool dried,
,_]i'

the baboons again returned' to and conq~~ntrated their. time ar?ii

the same tree. Within two days '.th~ .infants again devef~;~~
massive tick infes,tationsl' and a thir.d:' i;tfant: born during th!f

week died within three "days with. an inf.j:sted· muzzle.
'\
\'

\\ -
The two adult male baboon\~ examined each ;carried more than 400

adult ticks, the majority h~60%J-".attac:q,:~:·ttl t~eir earS\(FigS.
1\, ",', ,', \1 l:,

4.2 and 4.3}. Hlstopatholo \~~cal1Y~::tbe;p±~f~;ae;~how,d proll\inent

chrome inflammati.on with ~ '\i.de~~~l a~arl.'tiJhosis an~ exuda~ive

crusting. The nun~er 0; eos;t:b~hi~e~, ~a~ clea~.lY inex-eased.'\
~ '1", " \C.,, ~

~; ,

1\
Ii,,:\

'. ..'., \ • c '\" , '''' ,,;~

BlOOd.Slnears exal,)ine(i micrOS'l,~f"\ca'tl' ~e>:~ a~l \,gat-"Y~fOl:,.~Lood
paras.lbas. "",:--.3\.j ",., " ."'\ '

Bloodparasites

(t.
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Flgure~.2. tickS attached to thE! eat' of an aQl\lt male biWoon.

:.,' ~,' -:.'::::-.._: ,

Figure 4.3. :rick inj,'er;tat;ion. OL tht;i' \'1]'; ttl: ail 1~i:lIl;J.t.Wl.le J:.t~)Jodh.
1~.l!iluney)•

ul1'll.er 1';atlUlline anaesthetic. )?l1oto:
.I(

\:
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Themedian and total number pf ticks' Sampled. within .a1:'J~~$of the

baboons ta:'ige by flagging" the loc~tiori of, those~ areas and. the

number of' days the baboons ijad spent in thosr~'areas In the

preceeding '. three morfi:..hs are

correlation ( r ;:

co,r:relati(m) exists

infestatiQn thereof.

-~-;,

o'~97j n ;: 8, p <Oir.;(15, ;;pearman's RanJt

between days s.pent 1'i~;ap.o are Ii and the t).$k"
M ~

(T(;tal number bp/~iCks ,s~JIt)?led in an ar.ea ,
• ~- .' ,..;;.;:-:- . - - Ii' •

i'/

hot median number, was" cort'elat~1f to days ,~pent J:q. the area
,/ 0

if

because 4/8 mediarC_:Q:urnberswerr1i tied. - ~]'Cu)le 4.1)
" .,,11.'''-'- . '" ,/<.. },-

/'

:./"=r====~====~====~~=F=7"~~'====~~~==~~~==~~i==~
~ilometre Days in Med.i9.un-urttber Total
of fopge area . ," and :rar;~e{itt number ,of

../ parenthesElt~} of ticks
tic~s colrk~cted

;xJ,c

(.,-' ,

(:

7.6 17 g (O-~3)

'i25

.....

,'. f ,(Q-S)2 10;2

II 3 (0-30) 649.4 15

1 (0 ...4) 1413,4 2
" ..:104

43

24.4 .1 (0--8)

26.4 o {O-,lJ.~

~ill:le4.1, The loc~tion within t~~~baboon 'troop's r~nge (sxpteUed in Jan UPi!tFf1i:!l1lft01l! tlll\;,downiiver ,.i{¥t·
, . . ',' .... .. "be Sftd ran':;:" (in parentheilell) of tiCKSof thelr range) .Where tick n~d· Viere saIar).ed, 'the medun nUll', r ...., ...•.,," ..• . '. .•

~illlected within an area, and the nufuber Qf d;'!.Y'ilthe bab/;)ons weil!! C)b$erved t9 .!lpend -in those .are.asin the

p=eceding threa morrths , and the total nul1ll:x3.r ~f: ticks found ,i:l' s.uitpling ellen aJ;E!lb

ii
IJ

ij

()



feW ticks were found on those sleeping cliffs inspecteg, (n=4:) anti

at no time did any of the domestic animals C ~~~t were inspected."

yield more than 20 ticks per animal. All ticks, col1~ctedi' both

by flagging and from baboons "werej ,with one 'ex<?,eptiori, of the

same species and identifted as RhipiCfoPhalus g;~rtrudae or a very

similar species e, The one exception. was a specimen of 'Hyalomma

m.arg;inatum rufipes found itt the ~ive,r bed within the' baboon's

range but not in one of the areas Selected for flagging.

Endoparasi tes
~'.::>':-"';;~"

fable 4.2. shows that 13 species ,of ehdoparasi tes w.ere;'found in
scats of baboons in the Lower troop

srain.pera •comm. }. The majority Of ;?pecies (10/13) were
. .

prctozoans , mostly amoebae while only three helminths wer~ found

in the scat samples. This constitutes an assemblage liirge1y

similar to that found in ma.;n (s~rseaunt, Williams and Jones i

1982) •

Two protozoan exceptions to -the usua-l aS$emhl~ge of man found in

the baboon scat;s were (i) Entamoeba ghat teni I viz. mononuc.teat.e

cysts with a mean diameter of 12.-1'·pm:(see sargeaunt et aI, 1982)

and (ii) the sporocys t.sof an up/identified coccidean, pe'ssibly
This species had the second highest prevalence

" \ -~::i
Syporocysts recovered ,from faeca.lconcentrations

Isospora sp,

(Table 4.2).

measUred 14.2 ± 3.2 ')l:. 10 u 2 ± 1.7mm {x ± SD) (J;l=10). This was

Slightly smaller than those o:f, I~ospora papicnUI the only

cocciclean known from baboons (MCCOnnell, de Vos, BUS$Orl and de

52
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vaS/ 1.971)1 but unlikeMcConnel11$.:~spedies, the~e we;~. commonin
faecal concentrates.

(\

"

Ga$.tro-intestinal parasite
.~'

...... 0

Chilomastix mesnilj. 10

b h t
. -~-\. °i!

;_~~n!=t=a=m=o==e=a:_·==.:a:=r:::::=m;:a:::n:=·n;;::=l.:.. '}Y Ii 11·· '.1~-4~,,··~~,,~----~1
Entamoeba histolyticn c!/ 4

}J

illltrdia duodena l e 4 1)

~et.errnined mononuclear
todanoeba buetschlii

.

£1
f 8-:::r-·-----t'-- ......--- .......------........JI

12
streptophara\"&<i pigmentatu~ * I;;

..

[~ro:qgyl0ides 1

."i).:' {;II·

Xab~~4.2. L~st; of gast:r:o-.i..nte;;t;inal parasite$' reco.l:ded in 13cats fr~\Il. tl'~~ lruiseo ):)aPoons (n"'11! QVI~ran'l1

tr.pnth9Qdod from ~ebtuary 1990 to January 1;91. Nu'1tlbara ind;cate 'PQsiti..J.E) in" every scat' andalltrixe,a
indicate nema\tode species.

All three helminths f(jund ..in t.he sca;ts .'were nematodes (Table

4.2). The hookworm eggs were unel'abry;nated and relatively smal~I'
)/

measuring 57 ± 6. 5 x 45 •.3 ± 1. 5mm (i ± SDi n .= 4);. Fa llowifig
. .(!'

Goldsmid (1957 I 1968) they coriformed to Necator americanus but,"

it is unwise to allocate such a small sample t,9 any genus. The
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(oesophagus

st~ali.§..,,_.

48. Omm) •

252.0 x 1.4.4mm

suggested ~

DISCtJSS IOI'f

Ectoparasites

Ectoparasite data in(licated-thair:for the\\'sl(:udy per'iod. ticks were

closely assocf ated with the baboons t "day to day ,Jiving. The
-,

characteristic ear les ions, now known to be caused by tick,

infestations I weret observed on all Lowlertr'oop bab~$1."'ssince the
(,

earliest recorded observations in 1972 (Hamil,ton, 1.985)" but only

whenobserva.tions resumed in 1986 were infants foun4 to be dying

as a consequence of infestations. Although the 1i£e cycle and

intermediate hosts for Rhipicepalus gertrudae are not yet known,

t.he areas of regular and repeated use by the baboons appeared to

have relat.ively higher tick numbers (Table 4.1). l:t was also
(/

clear that ticks occur-red in varying numbers at all the sites

sampledand that the possibility existed for baboons to' acquire

ticks in any of these areas. Baboon tick infestation woul,d be
(,c=~ \ .,

greatly enhanced by the baboons spending prolopiged stationary

timeunder the trees 9.S the Rhl.:gidl1?haIUSticks are attrac.ted by

ex.haled co (Howell et a l , 1978). "The major factor .affecting

travel or the lack ther~of during the study appeared to :bewater

availabili ty (see chapter ~~) . The chance happening report-ed

here, where a prolonged :;ina.ctive non-'drinking period, for the
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;i~

!
"baboons w,assuddenlybtoker{'ar'ld: tick inf~$bations of
,
! 'sibly teduced only to, Vl
!lprovided further evidence

infan,i;s were

recur once activL ..Y. c~a~ed again,

linking movement patt:erns ~J1~:=~=;ick
! infesta dons.

Ittherefore appears that in reCE:\ntyears,. (sinceJ979 .w Hamilton,
, - :_() - ,',; . - '"

1985)a trend of in3reased in~ant tnort,a~i ty 'has obcurred in this
(:,

'troop of baboons (Chapter 2). Cbindiqin.g with this periqd has

,been a stear ...,ily decreasing amount. of water a:vailable to t:he
. '., ...•. .... 1\ '. ..•... ,

baboons (ChaptE'!r3). Data here pro~ide.a link h~tween ~he" two,

not only by highlighting the incidEiiIlce of the ticks I' but by
\ .' ,;:' ,

identifying the hoat; at.tachment sites o~ Rhi~cephalus' g~rtru.dae

whichproved fat.nl to most infants. cbnsequentl:l'd: ampr-oposing
\~

that ticks were a rp~j,or factor r,egulating inra1)t survival. for '.'

this population of baboorrs , This is the first time such a

relationship has been Proposed "'"b~tween,; ,primates and

ectoparas ites .
o

Although many other species of' large mammals,including spotted

'hyaena (CroC1:1tc!. crocuta) t

lybica),--.~(

jacltal

gemsbok

(Cani!i mesQmela~) I

if,;'(Q.r2:x _gazella),

A£rican

wildcat (Felis steenbuck.,

(Rgphicerus carnpestri-s) and klipspringer (Qr~otragus oreqtragus) t

; liVe in the baboons ' range, none showed anY"visible signs of tick

infestation as seen on the baboons, but none were closely

eXamined for parasit.es and their ~?ssib+e rdie as hosts of

Rb,micephalus. gertrudae was unklp.own. similarly I(;?
, J,
lnspected carried relatively few ticks but'c'WhER:her'or

s·tock we

not these
:,',
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animalScan maintain tick populations'?-.n the des~rt ar~a is still

uncertain.

\\
}.lthough Hyalommasp ~ ticks ar~! generp.l1Y very well ada~\ted to

\\

arid and semi-ariQ. environments (Theil~r, :1,956, 1962;' Kni~1t et

al., 1978), only one~w(.1scoll(~cted. All ,other ticks colledli:.ed
''':> )) Y"

weremorphologically simila;~a~~d closely related ~o Rhi}?icep,haihs

ggrtrudae. Although the ~~¢:ti<:(mic 'status of many Rhipicephalu~
",', 0

sp. ticks has caused probl-ems iiil '.the past! the": 5i t.uation is

becoming clearer (Theiler I 1950 i ~edllne1(m""Mt;l,hsam, 1960; Bi,ggs and
;_< n ;'...:, ,.£;

1angenhovenI 1984; p~gram and Walk~r,
II

t4,988) .. Rhipicephalus

gertrudae-like ticks have been foundinparts 'Of' the Namib desert

before (J.B. Wal]{er, pez-s . comm, )\~ but '/the details of the life"'"
~1 ' ; '_, II

cycle and intermediate hosts are·, not known for the d!E!sert

environment. t,\

Endop~.rasites

The protozoan-dominated parasite !iassemblage of the r..C'~t1ertroop

baboonscontrasts to the helminth-dominated ones of Papi.Q

cyno.£gphalusursinus in wetter parts of southern Africa, 't1::iz
\l.

Nataland Tr vnsvaa L (ApplEiton et ;.a1., 1986; Goldsmid,.and Rogers I

f;

1978). This difference may be explaim~d By the spect!ic modes

of transmission of the parasites and the desert environment. All

exceptthe three helminths, StreptQ:,llharagus lligmentatus, hookworm

andStrmlgyloides, Can be transmitted t-tithout having to pass

throughan obligatory developmental phase outs. ide their host.
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·_.. 1\. \ :'P"
Inotlter words, while:; they may i.e .'~~.O....l.eran. t ...o..•.f.. '.t.he p..r.,I. A~.:1.,f1,...f.~in9·

....1 conditions ..they.···ca n'> l'l ....., 'j ;I\~' iten1lironInenL.a '. r i~lr" I ,.with thtr:eJ~ .e"d~':,l~[~i~bns"
" . 'i I' . I, r. ' ."

als. be ttansmitj:ep. from ana ho$.\c tJ\ an.otlter v'l.a th'ii,;lli~~ll~tdl.to
mouth" route. It seems probaJ;lle tha~, this trans1)ls$,;j;;~N {ij-.a;rJi::be

(4ffected t.hrouqh allo'::'grooming, pZlrti~ulaIflY of the '~J~~~."'c~nal
!i .'.'

area, thus avoiding any prolonged expO$ur,e to the en.virolhment.
'/'. :

mg1nent~tt1s ,\ the' mbst
',', "',',, \) ", ';, L1 "

(r

The spiruroid StreptQpharaatls common
\

helminth in the
i.\uses an arthro~oci

candida ~;es
",

Kuiseb baboon
~;

"
intermediate host and orthopterans {)al.°e

(Appleton and Brain, pers'r~omm. ).. tnsect ~.pecies "c:;:pmmonlyea'lj,.en
",/"

by these baboons are iI!,,, f~ct ,I both ortho~teran&: t~e crip~et
~. - I~

'<;J
'.. - "- ,,;\

(Hamilton, 1986; Chapter 7). Dp.ring outbreak;] of the latter, t:',hen ~ ~
baboons eat little .else' (Bra~,n!1 unpub data').~

D ~ 0
n ~i ~~

?)
d:l
':1,.\

B
;1:::;' .... \)

HookWorm

,',

Hookworm live in soil and smit\~ (1~,90) indicated shaded soil is

amore likely site for hookwor~ transmissic;m than expose;:{:soil

(see Smith, 1990). Shaded soil ,~nder trees in the ,Kuiseb was not.
I)

SUbject to the vast temperatur~ fluctuCl::t£ion~of exposed soil
\

(Appleton and Brain, pers. comm)\"but. gives an almost oonacerrt;

thermal enVironment of approximat:~lY 24'~C at a two centimeter
\\. ~

SUb-surface depth. At this tempera.tpre, eggs/will probably hatch

57

,. ~j



" • ".;1 1,1 i. . I'·" C:C)

3nddevelop to 1~3(thJ.fd larva~ s}agr;) w-ithin .a '~eek to \~oda~:~,
rcvided soil rob..isturE$ .....lE;n~el$ remai.·..rl \.,arOUl;ld' 20% - 30% l\\···.~·m.;t.··h·.··,·.\\.p . .'. i< " .: l' l:i... I ~

1990).In the Kuisen, ",.l.;~r'ian averag~ a;\nu~l rainfall of ,z~\mman~ \\
, • ••.•. ' .' , . . .." .....'~ Ii .~ .:' .' ,;\

the very tigh ev~~po;catl.on rates Qf 7-,;tO~ day (Lancaster \et. -ail.
, . , '. ,i'\ .... r \ t

19M) I it is un'liket! that !lPper soil laY~f~l~il1 re,tain mo~sture
.,', h

for even two week~~ ~,;fter ra,in/river flow has ,ceased~ AlS~~,the
silL deposited ut\4er trees by the flood water becomes.'\\ very'

pompact and hard al~ it dries '~ar<l" ,,l98'7}. \\
''\ \

\ ~~
~ ~ ~
\~ V ;\

Transmiss~::m Ln $itlllatiolls of high soil moisture content b(:Qld
"~" "" \~

perhaps occur if the \~at\lration of parasi~'es acqu:i.re4 dUring\one

rainy season was to ~~ ;treated and e9s-"ilHea.ses time~ vreci~el:r
to coincide 'Wi th th\t'\\ ~ext iFiny pe;riod~ Such a~rested

'"' .. .. _ '." , .. Y, ,:', '-~:' :".. ,,' If " ,,' "" ".... Q , ' '_ .. "".. ,,\l,

development in response \(\;'0 unfav(~urable e,nvironmental c'9nditiGlns
'. ;. \\\ ,\' J:, .... '... ..... .: . '" ..' \\

has been proposed for A;n:gyldstoma dugdel)ale' by SC~~d i;et,~,a:tl} t
'I,

(1973). Meade (19,83) cox~cl~ded tha~[-dn Kenya, waterho1:es
(r

not impo:rtant in helmill:'!:h' ,transU1iss'ion put cou'Ld be
\~:

wele\,

fd\t
Ii

l'". \~!

protozoans.
\',I

r. .'. ,..... . ..... ' ... ' ..... l '"
Thefact that only two haJjool\ls - an adult fema],.e.>. an~ .her two...,;t

' .. ' ':, .., :'" . .~. ..:;. I\.

year~old datlghter - were infec~ed with hookwor~ strongly suggests 1\
'"II.

an alterna'd.ve mode of transm;is'sion, i. e. v~rticallYl via the \;
",' ~

trans-mammary zout.e , by a few '.infected females whosa Q,£;J:spring
. \', ,)

rar.ely survive. The infant mox'tality rate is high (Brl~ln,,191/2;
. j

Chapter 2). Clear evidence fa.'.!' ,rertical t:rans,m.'issioh Of ..hookworm , 'II
l'

in man is scarce but Schad (199 :t.) b(~,lieves tneft it (lQes occur.
'< ::~i': .~1

, (I
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I--re"ence of hookworm and S.cii6n.!lY.{~9'd~g')a--I-b - ·-t~:' -- "'The p ~ '-'~ t - En. J. r,are ~ shqws

t~at strongyles can survive 'her~I o.espite the vtilnl~ra~ility to

desiccation of their thin,-shel1ed egf~S and free ....i~ving lUrvae D

(smith 1990 j • Ij

lit_rong:yloides II

'.iIDampsand at watl'lr soUrces :il:l thll Kuis;!l;l canyon lIIay a.Lso be a

r transm;itsslon site for s. stercq?-Ci1-i;.. though'posSiblY oqly f'or! " ---- -- -,,' - --
, the first f~w weeks after the brief}.! "annual flood. The
t- I;" JI;", <

conductivity of the intex::st;itial water J;il.l he l'bW immediaf..~ly
',' , , '::::::::" - - ~-,

after rain but will rise "w'ith time i:o Revels a.rotlnd 1425115'cm
il ;

(:: total dissolvjlid solid loading- of 991ppml mostly Na) (van WyJtJ~='-'='.,.--
Opperman and Kokj 1985) t This would lower tl1e osmotic gradient- '

, -_ - -: . ::. - !'-~-:\; --; - - -:-_ '--' _-, . :.' . '. . ;:-.

between the egg and the outside medium (\'i:i:i;~ ':?o interfere with the
\ k?J;' ~l ,1' .' ,

hatching of eggs. It may a Lso affect th~ }7fowtt:& C?f :bacteria on
r',: ~ (

whichboth hookworm and strons:.v'lqid@ larvae must feed.

,
" "\

The other possible alternat.ive route ;t6 s,911 t:ti:lnsmission is\\

trans-mammary t.rensmd.asf.on whir!h~ although not _1mown for ~L
1\ ;

.§iereoralia, was ra:ported for .s:~ fullebQrni in man by Brm<!fiand.

Girctrdeau (1977).

(':: .
I . ::':".~'_"'j '.,
::_: "f

The absence of Trichuris from the Kuise}J baboona is surprising

as 'rrichur~ is a common endoparasite of baboons elsewhere in
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southern Africa {Appleton et. ar'~ s 1991)«>'1:lJ.,e 'critical p~riod. for
!,' ',';, ',; """ \ t •

this nematode would seem \:.0 be the 3-5 weekperioCl that. its eggs

need to be in soil f,or' the morula to ,gieveiiop t,Q the third larval

stage and be carried to i~ new hOSt,. Bee_:v (197
G

3) 'Showed for the
(_ __f. ,

closely relat~d 'T. suis that th~i~development period varied with

temperature from 19 days at 34"C to 37 days at 25QC. At 209C

development was dr:amatically r~tarded and took 102 days.
(i

Infection would have to occur'! 't\Tit.hin tht:)) few months following

development to L3 since the larvr.te did not survive much longer •

.
soil temperature$ banaatih trees might thus be favourable for

'",

nematode (L. e. Tr'ichuri~j_,hookworm and £trongyloides) development

(Appleton &~~J::£ain, pers. camm) t but the motst?re "levels in th.e

upper layer of the soil are unlikely to b(£\adequate for long

enough. Scil moLatnrre may well b.¢ the "1.imit;L·II,~;factor"

accounting for the absence of many parasites infecting baboons

elsewhere and whf.ch cannot be transmitted vertically t hand-to-

mouth or by means of an interme,)iate host, );)ut until data are
/i

availablte on scil moisture levels throughC')ut the year, soil

moisturte as limiting factor remains spectila,tive.

Blood parasites of baboons li"vitlg elsewhrere in'Southern Afr;i.ca

appear to be rare and in 100 baboons ,e1!amined from'the Kruger

National Park, cnly three showed infectibri"of He¥atocyst,is simiae

(Mcconnel,l 'et' aI 197'A) A',l",'so, because the life cycle of, I ,,' 6j;' J • , (J

:~:

tl§patocystis is predominantly exoeI;'yth:t:ocytic~, the 1:oing5 and

gametocyte forms of ',the paraSite are often scarce in the

peripheral blood of infected indiv~!duals (Kuntz. and Myers, 1967)
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~, .. :.
d the parasites can easily be mi$s~a' i'l:1. inlividuals:, with 10\'1

an
Thus., th~ incidence cif the patasi te inIs Of rjarc.s i taexnia.,.lelle ~ ,

a population is probably lJ.nde-rest~mated aria r cannot be

_J., lutely sure that bal?oons of,,! t,he '~"ower trpop a:i;~efree from low
tWSO Ii "
levelS of Henatocys;ti-::.l parasitaemia" !i. C/

(i

.,
(',

Ir, '
'0 \~\"

"
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INTRODUCT ION,

Maternal care of offspring and motpet-i.nfant relatlonships in

non-human primates are well ~ocumented apd widespread phenomena
r '1

:,,(Altmann, 1980). The relationship be:tVle~~ primate. infants and
.:. ~\<\ .. 't;

'ether female members of q. conspecifi6 'grc~ ia more pUZ:41ing"

Un~,vE:rsallYI primate. neonates are' oJ:.>jects.' of ~t,.tention, and

esp~pial1y females are attracted to neonai;e~; (Altmann, 1,980).
I'J :

If a ,femaleother than the motb:e:t' t,akes -possession of the. infants

for atlY amount of tim\r it is re;Eerred to in the non.....human primate
ff.. . (, ..... .... . ' . '

literature as "aunt.Lnq" (RoweYl, Hind,e.-and.sp.encer-Booth, ,1964).
{:

(.... , "

This nomenclature doas not nE:;)cessarily designate any genetic

relationship although it does not preclude it.

!iI~thin and between species of pl-imat;,es, "individual mothers vary

asto the freedom that they allow pot~ntial ,aunts (Hrdy, 1970).
\)

Four non-human primate species are remarkable ,for their
\~,l

\ -)

permissiveness I j?resby:ti§. antellns (J"ay, 1962) I ColQbus g:uere:!la

(~looldridge f 1969), Presby-tis QDsCUrQS (!'~adham, 1967)' and
"II
'It

llgathrix .netnaeus (Hill, 197.2). These prJfm~te mothers a.llow
t '

their infants to be held by o~~~r group membei);. -' and to be carried

off some dis tance away from ~rhemwi thin hours .afi;e7,:' birth. In

other species in which aunting is common, the first aunting

episode is substantially later, approximaj:.ely 8 days for.

been reported I maternal supervision of aunt~ has also b7en

~copithicus p.ethiqps (Lancaster I 1971) and 2-3 weeks. in Macaca

~ (Rowell, e't a l., 1964)'~ :r:hm~st' species;; where aunting has
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O'rted (numond, 1958; Bou+"l;iere, H\inkelerrep
Lancaster, 1971) and at; the first sign

other usually retrieves, her baby.m ',,' , ,

and Bert~all-df'19qO)
I,

of illfa.,nt ;distre~.$, ~he

59-va.nna baboons fgel'l'q13

~l epitomize possessive ~o~fhers"ap.d.the only interaction

baboonmother will normally. allow troqp members to have with her

infant is "greeting" (Hall, 196i3). ,',Although aUfiting behaviour

has been obset"V'ed in baboons (Cheney, 1~78), the time spent by

infants with other females away from the,~r mothers i!7 ~rery"short

(Nir.olson, 1987).
, <~

Beside. the possible nad or injuries a,!, i4·a,nt might;, suffer .as
,-~' {I

a rssult of clumsy a.untirig (Gartlan.,i' 1969; Ur,dy, 1976) I the xn(.)stf /0'

serious rasu l t of aunting oocur~ when females take unweaned

infants and do not return them. ~hj,s is referred to as !taunting

to death" or fatal kidnapping CUrdy, 1976). Such behaviour is

extremely rare amongst non ....human primates 'with only isolated

reports for wild. cercopir.:hi.cenes (gueltpns .... ,BoUrliere, eti al i

1970;baboons - StrUllt, 1975; CC)J21illS~ Busse and Good-alII 1984,;

macaques - Quaitt, 1919) e,

The contrary was true far the baboons living in the Kuissb ttiV'~r

canyon (Chapter 2).
Ii

In ,this troop, fatal infant kid.napping

occurred regularly and waS the most common cause of death for c

infants born to low-ranking female~/

In this chapter I exemd.ne the fataL infant kidnappings tha,t \')
, " \\

occurred in this troop and discuss the events Which may"have
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METHODS

.(1

, resulted in the high

. troop of babbons.

_::,',,:._"',", ',' .. : ;,.._. .'",':'~'~.. _. ,,',' "" o ::,.(i

Thedata were collected as p~rt of the demo~rifpltLG '~'t;udy.detailed
,.... ' .;

in chapter 2. r monj.toreq (e;$e Ch9-Ph~r l')'"each IDQ1:he:t::irlf"ant

pair closely for ,thee ,fii-st." th:t~~t.,.eeks" followiii~:;:birth> When.'an
"" ,:.' ,",'. )~/~.\. ;" •..... r,., '" _':_ .. . ,,:';>~\ ,'.: :':~":'I"." ',_~ .:;

infantwas kidnapped, :,? recor~~Sd th~ id~ntity q;E 'the kidtiapper
-,'-' ';1," \~ . , , -'," ','

and the events ~r~~yg;.:,~.nd",.il~tmedi~~elY" ;;~ft.er, t~le

st:l.:6~~t:ue?\'t,:P~!laviour Of the I)kidnapping ,f.~male,
,",-

the mother and.vche infarl.i.'" Were :i:~corded' tmtil the infant died.• _. 0 '~i'

actual
kidnapping. The

The sex of all kidnapped ':infant,,$ was· tleter.rnined pricir to. ,their
<,

deaths.

:.::,

RESULTS

':..:

As\llnmary of all kidnapping eventfl taking place from 198~ t'l1r~~gh

1992is shown in Table 5.1 ••ii OnlY iu:,Eants t~tthe lower fO.ur (of

seven) ranking females werJ.I ltidnapped and only, the puroh~r two
It . "',\

(Am) and t.hree (Co)" rankingjl f~It\ales kidn~pped infants.
il
\~
;1

o
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Birth Date .~other Infan,t; sex Kidnap date Kidnappe<i>by :airth-kidnap Kidnap-qe"ath.

days
G

" "'A'f
'8...:.11....89 Hac (4l nJale 23-11""89 Am (2)

c

19-4'""90 Gr (6) female 23-4-90 Co ( .3 )
r, .0

0,

o3....!?-90 (7 ) male 4-5"'90 Co ( 3).• c-

29';"'9-90 5) female 29;'9;"'90 Co (Z»
o· ,),.

.(~<

1l.;-11 .....90 ORa (4) c. femaJ,e 11-:l,1....@0 Co (3)
t.:,---!

:1 6 0
.,
15-5-91 .(14=5:-Ql" :eo ( 5) male qo 3.)

:
:--'~-.,!?,

;');

7-1 ....9,f Ha, I 4) ma,le 1;1-1.-92 Am (2)"0

29·-9"'92 Ha ( 4 ) f.emale 1...13.-92 Am ( ;2 )
-~~:
9-11-92 Sp (7) mal~ 16-12"""92 Am ( 2)

4;

1

4
0

3

:1

2

3

2

.2

2

15

4

1

o

o

1

33

'37

::~__:i

Table 5.1. SU\1l1\ary of tnfant k\dniippings in the Lo~.r Quop. The rank of adult females is bracketed.
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Ih' tOO females who ki<inaj;>,Pe(l ii~Jtatrt"h~d dfl'~<1tim~llle;hO(is O:!:,

taking infants ~ Go forcibly remJ~yed. the 'infa.q!-s'~tX'o~~he mother
. "Ii. ". "\/

by pullir1g the i:wfant from the ,fother ~.~vent:rum as 9.he attacked

the mother. Cowould frequently ii:qite the ll1oth~ on th~. back Jus~

prior to grabbing the infant. O~fce sh$ had tl;te ipJ:,a:nt':' she would
. :,";f.. . :;:;0 <.~ . ':<...... .',

attack and l:lit:e the mother if t~~em9t;her" c.ame'within her reach.
! ~<!

Characteristically, after the k~~nap~ing et-ant, ~he m,other would
;.)

remain a few meters away frotIt Co and. the mo<the{"a~t:~~ently
0\ ..' '\-=., .'. -> . ,.' . ""I .\(A'

communicatedwith her iriiant. througl1 lip$m~~king; Co :a:ppeared

to care for the infant f groom,ing i,t, 'and. allowing it to suckle but
. cy· . . . ..

she was apparent.Iy without mil.k on each kidnappi~g' occaef.on,

Followingthe death of each ~idna.pped infan.t, Co carried the dead, h:, .. ':,.' . . .' .. C">

infant around for periods from 0,;- 2 days andwaa obssrve,p. eating

one infant after its death. The mothers w~re not Qbserved to
,J

pick up their dead infants after Co had left tihem,

Am kidnappedinfants by wait:ing :Eolt ,them to be slightly separated
" "

..from their mothers and then running by and scooping the infants

up in her arms. Am' S technique of kidnapping necessarily

required the in;eants to be ol~~br t.han for Co and' tl:te durations

of birth ..late.s to kidnap dates' $or the two kicinapping females

(Table 5.1) supports this and were signifi(;Fantly dj(\fferent (Mann..,.
,. .-:;; /1

Whitney U test;. Z ::: 2.23,.; p < O. (15; h = 9). After the kidnapping

event, if the mother came too close to Ani" she would attack the
,\

mother as was seen for Co. Similarly to Co, .Am ~;ppeared to care
::1 I' '.1

for the kidnapped infants, but .she too Was apparently witqout
.~}. , '. c-.

milk on each occasion. Once the infants died, Am continued to

67



\1
Q

'carry them for 3 - 5 days' and 'wa$ not,',ll obse,r"ve"'d t"'o',',' ,, " eat any dead
L' ,; .: l;' ". t:!

infants.

Kidnapped infants, withiq hours.: a.fter."being kidnappe~t()wogld c.

start giving distress cries as' they att,e.mPted to suckle nek1pite /)

thiS, on no ~::c,a,sion was a mother obse:r.;ved tiying to retrieve her
f' . ',. . ." " ',_,

infant from tirle"kidnapl?er,~, ,.'Ii Kid,nappeq infants 'qt:d.CklY weakenJd
::,.)

and their skin colour tllrne~ ~p Cl,S!hengrey 'prior to.
presumably as a res,u1t. of starv~.t:1.on and 9)enYdtation.
infestations of infants" (Chapter 4) were not? implicated

r;

death,

Tick
in any

. '.~\

of the kidnapped inf.:rnt d.eaths.:' All infants" died; within ,.four

,days 01; being kidnapped.
i(",.

\ \
\1

o

DISCUSSION

Female-infantinteractions presented here had. effects on at least
: :. - . . ~ . :~~

three individuals - t.he· infant, its mother and tr,;E'l kia.n~)?ping

female. The effect on the infa.nt. in this sj:l.ldy was th~ clearest

and always the same -, death. THe ,eff'E!cts on the two adult

femalesinvolved was less obvi.ous .':'

Evidence from populations elsewhere suggest aunting behaviour I
• ->~ l

sitniL~r to that reported here, to be an aspect of female-f'emale

competition (Nicolson, 1987) • Aggression from high ranking

females towards low ranking :female$; and their infants may,serve

to reinforce the status quo, espec:tally in thos'e speca.es such as
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paboonswhere daughters inheriiS rank, "froIn their mother~ and

rema.in in their natal groups thrQughout ,adu.1:thood..

interpr.etation would require the 'infants who received~ Ci:nyform
, .: I;~, () ::.'" .' , ..... ~J'

of abuse or aggression such as kidnapping to sl,ycvive the

incident. iher~aft~r the j~J).fC},ntl3 wpuld learn wl,lich females rank

above thei~;\tii~'~:)ersand which 'females are l~~er t'ankiQ.g~ 1:'hls.
'-.\

explanqtionseE3ffiS,unlikely in this Kuisep 9~?d,P.troop as al.1 the
('1:l:~·r,...,<

kidnapped inf~nts died.

Another possible functi'bn of seYere aggress,ion by ad~lt females

towards.' infants of other females is the reduction in the number

ofcompetitors' for the,pe.l:'eet:r,:ator's ,own off~pring (HrdYi 197(5)~
(",:.-" 'o ~::-::-

Although this' theory /~::l.ght appea~ plausible in a desert habita.t,
:{', '_.

especial Iy where competition for sparse resources is often
',;;',!;~~ ~

intense (Brain, 1990) I it. s.eemsunlikely"' ip th~s baboon'troop .~as
"_ _~: r:..' .. _', _~). _.:' 0 0

neither kidnapping female had any surviving offspring' at" any

stage of this study (see Chapter :2),.

In the opinion of Gartlau' (1969) and Lancaster (+971) J a~titing- ,. . ~

behaviour is practice for" motherhooQ.. "Amongstother poin~4 t this, #
argument rests upon the predomills"nce o~ nulliparou1!! females

/!
partici.pating in aun.ting behav.iour CHrdy J 1916). T1?)l.S appeaxs

Ii
/1

to be the case for cercopi't;hecines (Spencer-:Sopth, 1968a;
A'

Lancaster, 1~71), but there is no. evidence in1ticating such

aunting resulting in infant deatlL..(H~dyI 1976) ai:Jfrl is thus not,

apPlicable here.
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It' thei".e{Zoreappeacs that not, on".iy/i~.'lr-at:!!,t'n'" . '" "~,I' ,
.. ... "¥. '" o....cur:r;'e-.p.ceof" fatal

kidnapping in the l(uiseb baboons unusual, l?a.t so to~ 1"epe the "
. . ., . " ".," .. " _ ,,', ' ,," """".'" .. "",, "" ,," '.... :- "" "" "" """ .. ~. ,(), ,,-

factors res:" t:t.ing r.n ~t. These factors remain it),conclusive but
, . 0

there were likely .possihilities. '.l'he e~tremelY hig-h I; infant
,;,~"i':::i" ,," //

mortality from cauaas otber t;;n.an" fatal k¥Lnapping was j:he most,
\" ~...r-' ,'.."" .,\

.. ,"

striking demographic feature e£ this baboon troo)? (Brain, 1990.;

1992;Chapters 2 and 3)« lfumerous ob~~rvations §'Jlggest. that this

might have been the root causa of the f~t.at kiCi.:napl?irlgs.

The females responsible for the k:Ldnappings •.have to date not had

one infant survive to 'mo:t;:ethan a few W'~eKsof ~ge {see c~~apter
I,

Zj. In Japanese macaques and ether macaque speci~s, ki~r~apping \1 II,. .
-~' - - '_ ,_ -~

mayoccur when a mother has lost !;fer own.infant. and she j£ttemp~'ts
'/

to steal an i~fant from another f~male .b~fo;re she her:;~lf".giv~S

birth to another infal1t {Itani, 1959). In sue..ih caaes and where

the infant dies, the behaviour of the adult, female could best be

described as 'an 'Overzealous allon~?!~hering (Nichols(jn, 1.967)•

Observatioils chat; Co. and .Am attemptecl to. mother and nurs~ the

kidnapped infants su,ggest that they 4id net intend to' harm them.
, . :\" --_. .

The infant kidnappings by females wi:~haut milk .,were t.hen in all

cases lethally .Lnoppoz-tmne, Had Co been' lactating, ltid,napping

could have meant surviv~l for the inf~nt. However Am suffered

partial sloughing of her teats from tick in;festation during this

stUdy period and would thus probably) not be able to suckle an

infant even if she had milk (Cbapter 3) ~ Aunting. and adoption

are however known to induce lactation in non-ladta'ting macaques

(Hansen, 1966) I but this clearly did npt happen at all or did not
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happen in til'f.f;, in the ki¢lnap:pings :z:'eported her~ as :}lO" infants
'-;_':-

survived beyond four,. days of be~ng l!ddn.apped (Table 5~1) .
u

The disPosition and psycholo'gy of it~dividuq_l fe~ales <;:l.ppearsto
". 'a . =-'-.~r.~

be an important cons t eration in the conte~it' of infant

kidnappings reported here. ':i!henUmber one rartldn~ I~emale baboo~
I'

, I.

in this Kuiseb troop (Pa - see chapter 2) has lost at least as

Blany infants as each of the two f.emales demonstrating kidnapping ~-

hehaviour. 'If own infant death is an ilnport~~t factor causing

kidnapping ,one would' expect 1'a to cb~ a kidnapper as well. I
I~ - -'

.. ' - - -

'have seen no attempt by Pa to kidnap any infants. tikewise, Ha,

Be and Gr, females with at ~~ast one other female ra.nJd:hg' below

them and whohave also lost: ~~ C~ei3;st one of their own i.nf~i)t.iL.t)~}
i" .: , _> ~/ .:(

kidnapping and/or ticks (1'abl~ 5.j.) r have not been ob~etV~~

attempting to kidnap.

Thus the data presented on fatal infant kidrlFappings in the/.Kuiseb

troop did not iqentify any obv Lous cause ftlr the kidnappil1g-s but"

suggested that a combination q;f two. factors ,were important

contributing factors to the kidnappings: the repeated loss of

infants bern to a female and that particular female '$.

Psychological disposition. The ~~peated loss of infants was
"

common to all females (Chapf1er 2) bl1t not all females of

SUfficient rank to kidnap other fernat~c~\t infan.ts di~ so. Also t
~~) -',', u

some low ranking female~/ suff~red more kidnappings than others

Over the same time period (Table 5.1) although th,is difference.,',

could possibly be explained by something as straight£o,jward as

the nUmber of births they had (Chapter 2). Ci(a.i:lY, therefore,
\'\

~\I' 'I
'1\ lJ
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, uneJtpJ.ained.

including the

A mul,tidisciplinary approach, to tlle problem,

studY.P~ h5)rmonal ~~1SJOIQ9y"~nd psyChOl0sX: of the.

• female baboons I would ,be p..eces.:~ary to() pliovide" a
'.. -'. .. :,~(;

understanding of this fatal k:tClriappirig behav:tour ..

(:1 o

bef.t~r. - :_.- ,.':
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Chapter Six \)

Adult male baboon dynalllios. in
-

o

the Lower tr~op: J Seri\oJj$ . '

wounding, fata,l fighting \ and
:; .

,(I, i\ , 1" ~f

t · · 'llijit" IS ,gene, ac 1mp ::~~;~a.,'~ons



IN~RQI'l}{!TION

prereproductive male cerq~pitheciri~"'l?:W~lllate$" hold 'po$it.lons in

dominance hieratohies in ~M~cordanBewi un ~~g-t\m?ther I$ rank and
'.,! II

individual ability (Hamilton a.nd :Bul,SfeXt ).990) ,! From"~ive YE7,ars

of age onwards, male baboon$' begin sU~!Jass~.rig '~dult :fexriEilesin.

thehierarchy and from seven ye,ar$ exceed, the declining adult

males (Altmann, Haus:fater" and Altmann, 1988; Smith, 1986,' '.,
pereira;;, 1988). 1;'rom7. 5 "to 10 years, .males are cons idered as

.. --:::':::~~ !,.,

"prime" (Hamilt!cn and Bulger" 19'9'0) and usually leave their nata.l

troop and take up resj ...denca in other troops (Altmann, '1:988},~

prime ma.las then usu~,lly attain their highest, rank within 6
1': '"

months of intertroop d:ansfer 9fitm~nn et al~ 19881 or may reach- '; "

the highest rank wi thin their own t):,oop in a sirnilai' time span
,; ,~

(Hamilton and Bulger, 1990). During the ;process by means "of

which adult miHes rise in rank, damaging and lethal fighting'-'

behaviour amcnqst; them is usually fleeting or. entirely

suppressed, although t~\ey are capable of woupdi:t\g 'or killing bt\

opponent with their sharpened caniri~s.

c'

In this chapter I .examine the cl.r~-~mst,ances surrounding incidenc~

of wOllnding and death amongst adul t male baboons (PglpiQ,

mtocephal11s u~inus) duri~g donri.nance f~ghts. In ~·\le KuiSeh
~'.

baboontroop t have s.t.ud Led , fatal and serious wounding waS the

uSual outcome in adult male conflict. By compariflg' the behaviour
<:.

of these baboons with that of an ,equivalent bab60n trapp in

Botswana (Brain, Hamil ton and Bulger., pers. corom.), the sequence
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'f' history" svent.s which m.ay·.· ,'hro,.;)..ucs t 'c:lI· ,af 11e s;' ....\..1, :res .ralnt in baboon
, ,f'ict are identified. T:b;e concl,usimts are likeiy···· t"'\ ha .."... '.:.:1
,,.; ••• .1 () .,'. . ...•.. ~";:'\, :va WIl..t;e

relevance in otnar contexts of m~mmal+an dbn£'lict~' Furthermote,

this studY examines the acti vi~ie; of" immigratit males a~~ theLr

reproductive success J and a~se$ses t~e potential for" genetiC

isolation in this geowraphicaltp isolated. .p0J;lulation in, the low~r

Kuiseb••'

STUDYARIA AND ME'.CBO:OS

(J

This study T,7a$ conducted in tlf~Kuis~b ab,er"~ canyon oV'f'tr a 62

monthperiod startin~ in DecembsJ; 1986. Details of observation
, .'. "". r\. . .' cschedules, the study, e:t:eeaand. the tTOO'g\1)v'er this per iod appear ..(,.: . ~ '::tV~:··r). ', ..' :.... ." .:" '... •... ,

in Chapter 1 and Brain (199,2). fTbe "comP9-raf.ive datia were

available from a similar study' in Bo");.swana>in the Morellli game

reserve. Th~ Botswana .studt wa.S carr~ied qilt by' :J: Bu'l~~r and
, • [\ 0

W,J,Hamilton III over a 'iliim:i.lar time petiod. as that in tpe

Kuiseb.

Male rank determinations in, both lO,pations were hased upor,
(T~, :...'.... ... . ."" .~; !~. '. . . ....." ,..s

uncontestedsupplants at food sources ,or"other res9tlrces. ~ccess

to females is a consequence Qf rank and.was"not used tb determ:tne

it, All supplanting encounters were· recordt'd whenever possible

and dUring focal observations.

15
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Namib immigrants were the
appeara!iC~ of their canines (observed with blnoc'l1ars at <10m}.

primemal~s have long sharply po~ted canine,s and can also be
/1
1/

distinguished by th;ir lean appectZ:,c\nce and -.athletic °m'ovemen.tsI'
1/" 'II'

(Hamilton and Bulger 1990). Post prime imm:igrants ,were eaSi.7r
distinguished by their worn, shortened c~ninesJ:ltlt~not always~y, ~ , ,

their physical appearance,

TOassesS the relationship between adult'males and infants in

both locations for the duration ;;Qf. th~ '~~~P~~~~.N(ilsi;:udtes, r
., <1' ',. ,~c ~~:~';'/.!:::'<'~~':;7·-,"'-f_~{)._'f: .. '" _}_.

• ~ ~,'. ",;.>f "'t t(..,J.,. -" t..::',; ''''(J" ,~!:( \ J; i)

tecarded which male WQ.S c,pnso:r:-;;ting and 'w' ~" ~j!1iil~:a~! the
time Of her probabl¢ ovulation (~~';l\~f~,(ft7u:(t~,~el~"';U~"
twodays [iJ - 2], Gillman and Gilber:,\~f ,,;t'~~5t.: Femci:les 'V!e:r;et-tren?;)

, ! f. '

monitored until they' g;~ve(·.~.J~rth.!:;,:tf ttie" same ".adttlt male th~t
lr.! ,':;;\

consorted the particular femal-e '!at probl,i~~e oJ~uiation formed a
('. \~\\ )

p;:rsistent and exclusive association. wit.h th~:'rtdcr6,~er-:intatltpair,

andsupported the infant thr;ou.gh its ea.rly· (~~ 2 'tears) juvenile

life, h~ was considered as $-he beha:viour.ia,l father (13us'se and

Hamilton, 1981; Busse" 1985) of: that infant. The differences

between behaviourial fathers and n,on-pa\ternal"males (:ie~ did not

conceive an infant or lost a~\\infant soon after birth) regarding

the outcome of conflict were analyzed.. Because I JmeWthe orig.th

of Lower troop immigrants and th~dr subse~ellt reproduct.ive

SUccess, I also discuss the possibilities for gene transfer and

the genetic diversity of the Kuiseb troop.

;1
I!
1/

!;
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rnboth study sites all adult"mc;tle!S we:re ordered wi,th:i.n the'it' own

linear dominance hierarchy (Brain, 1994; 'Smith 198.6). In tlie

Kuiseb population, the top twa ranking (alpha ..and beta ~'anks)

aDultmales gained access to oestrus females by cQnsortinSJ them

atthe time of' probable oVulation. (Gillman and :qil.bert J 1946}.

For 36 oestrus cycles,' Klliseb female. baboons (n='t) Wer.e consprted
.' ;/by alpha(n=28 oestrus ~:cleS)or heta .(n~8 oestrus CYClesJ males

only, and of 16 concept.ave cycles 12 were attended. by alphi!l males

and four by beta males. pimilarly i~ i.tb.e 'Oka'l7angot ' 66
I f:

conceptive cycles were exclusively a'btendeg by:'l~lpha (n=5'S'l . b~ta-. . ," .,...... "(' .. ' .' . n .. " .. I

(n=10)or gamma (n=L) male~;((Bulger and Hall\ili~:~n,'1988). J:n b6th
: (':><,j':;. . .,' -

.:::_, '. ". ,,' ", " .... . .. . _. \?-
Kuiseb and Okavango populations at least th:t;'ee\\ other" adu,lt males

werealways in the troop.s but we'te not involJ\\~dc in' consorting .
.1 i)

\
\'
\",

\)
II

In this study I in all but one, case, in thE~ Okavango troop

(Hamilton, unpub , dcfta) , the adult male who"adop~ed the ro~e 'of

beh3.vioralfather l;4as the individuch who consGlrted the mother 187" " " . -,I . . ,. ,

:J

days (Kuiseb) and 183 days (Mor~,rni, [Sm,~tn" 1986]) before

t!~turitionj the respectbre g~5tation peridds for" fe~ales in
r)

thElse popul.atnona,

In the Kuiseb baboon trooPt ,putative sires were. rarely

behaviourial father.s beqam~e of tlle exceptionally high infant
/' )

mortality in that troop (30 of ~6 infants born be}=~een 1'986 -

1992, [Brain, 1992/ Chapter 2]). Table 6.1, provides details of
"~

adult male iItUnigrants into' the Lower t.roop. On~ :Jbviously post

prime male (si) has not been included in furtl1er analyses. Of

11RUiseb male baboons who challenged the resident alpha male for

17
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!' . jf .

alphaor betaffranlt, one {Nf} was seriollsly wOunded. Nine of 12

resident males who lost contests for alpha or beta ra.nk sustained

major (n:::3) or disabling (n:::3) wounds or death (0=3).

comparison duriog a Hmger interval (92 mo) only two of 1.7

resident·Moremi. males

!r for the two top ranks

suffered Serious injllri~s., during' contests>

(Fisher exact, te,st., two t.ailed, p <. 0.005)

andnone ot the 16 challengers was wounded (Hamilton and Bulger,

unpuh. data) •

ORIGINID

NOSA

WH a

0 NO

a Ii NO
a NO
0 NO

0 I,

NO

o~ NO
JL

(,

a NO
0 NO

2 YES
0 . NO

0 NO

BE:HAV." lFATHER

GA Unknown "Jut 91
I'

M~:NOR Ii

FA Inland a

MAY 91 D]SABLE a

DU Middle
troop

SEPT
91

ST Solitary OCT 91 a YES ....

, ' . ,

Table 6.1. Wound Seaverity aSSQclateci witl~ adult male immigration and eh",l.lertges to aa~ha and pEl'ta t!liUes

in the Na!ilibbabOon tower troop. Hinor wJ~mi$ aze supcrtieial cutaneous gallhes of any length not caulling

lo~a Ilf fUnct~on and hea1inct fully. HalG1l11not observed to sustain e.nlf wound~ lire placeci in this category,

MajorWOundo are deeD soft- tiSSUe woundd! with temporary Ip!'ls of :l;~lIlction, haenlorrhagin\; and sort~t~;~ell'

se~~iB. Simple bon~ -fractures are inC1Udifd• ';\O'nee Maleai major wounds do. not ef!ect performanee in .any
obs b ji . d . .: l' fracturEis severed tendons ·.or

erva le way. Oi.llabling INcur-ds include :tlle above pIu!; t;'oropoun or. cOlllP .ex .•.... f .' I ,

nerve 1 .', . /! ..•. . . at't is any wound leading directly or
,B, CSs of any eye, teeth Or other pebnanent funct;Lort lOils\ilB. De. . '. ". -

indirectly to death. The term 'behaviour.ial. :l;ather' is explained. j,n the te~t.
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There were no statistically s:ignific~nt qj.fferenCes between the

Kuiseh and Okavangotroops in. 'Woundingor ch~ktenger$ CChi-sqtlare

test, P > 0.5). Combining pate;rnal: h'f:'!haviour data for. t~~ t'W(.f~)

populations only one of 14 behciviourial fathe,rs was seriously /
~ ,

injured when 1::1e lost alpha or bE!ta 'rank C'omparedwith ser:i"t;)usi;
l: .... '. ", '\. C', ".. t;injuries to 10 of 1..1 nonpa ternal males 'Whl)?were challenged

(Fisher exact test, two' tailed", p < 0 ~002J.· Adult male ocilioons

holding alpha or beta rank (the(~~liy two ranks' ~ff()tding

reproductive opportunity in'these two troops) who had. rid living

b!rsp:r-~-dgtherefore appeared mo,l7',a li~ely to, be seriously wounded

in contests. for high rank.
,!(

{)

,
Two nonpaterne.I Namib males (Or. and St - Table 6".1) whd rE!ceived

'\

onlyminor wounds 'vere' both solitary males. for periods of three

and four years respeotivelY,prior to immigrating 1;0 'l~heLower

troop. Both males were known to be in visual cotitact with the

Lower troop approxdmat.eIy tj1ice. monthlYj but, prior' to

immigration, made no act.empt; to folloW the 'troop. Gr immigrated

into the Lower troop three days a$teF two contenders f'pr a..lphCl

rank were injured, one fatallYt in" a fight. Gr then killed the

wounded alpha rank hol.de.r and assumed .'.aLpha. rank without

sustaining any wounds. similg_rly $t made his only serious
-. '" if

attempt at establishing himself as a:'lph2.t in the Lower t;.(foop when

the then current alpha-ranked chall)enger suffefed a cornpounded
:i i7

it
"Iifracture of his right hand;
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DISCUSSION

Whenanimals with dangerous, weapons oppose one another I they

might fight with restraint because, individuals with lower

fighting ability can identJ.fy their lO\Qe.rprobability of Win:nilr
\1

and quit contests they Erobably wil.l lose (Enquist and Leimar
I, .. . .. . _- '. "

1990)before being seriously wounded._ Contests mo.}"also be,
,

resolved if one contestant places a higher value on' winning and

fights harder or longer to- gain or maintain access to a resource

(parker I 1974). An asymmetry .in estimated value of resource is

also a critical determinant 6f contest outcome when high ranking

male baboonschallenge one another for alpha .stattls (H~ilton and

Bulger, 1990).

In the. Kuiseb and Moremi populations I prime immigra'mt males

appeared more likely to oust r~~ident alpha I\\ales trian to be
--;·"'''''1:'1\'~j.I'I,

repelled by them. Amongresider;:.tr/losers, non-fathers are less
If

likely than behaviourial fathers to concede high stat.us t~,
I' \\

challengers and s.uffer more frequent and mor-e Serious injuries

in losses to new prime immigrants who displace them· at the. top

ofthe hierarchy. Males from populations considered here do not

form coalitions as reported for east Afr4can baboons (Bercoviten I

:I~)

lQS8i Noe and Sluijter, 1990), el.iminating one complexity Ln th,e

analysis of contest outcomes.

TheCost of serious injuries or death ,;to behaviourial fathers in

expected further reprod.uctive success (Grafent 1987) exceeds that
80



to non-paternal immigrant baboons because di~abled and. dead tnale

baboons cannot protect infants from infanticidal int.ruders or
r;!

provide other paternal care (Hamilton, '19$4). Males Wh?(!,omp.leto

care of infants aeLdom recover high rank (Hamilton anq Bl:rl~er; ..

1990),indicating prime' status not to be a cyplical, 1::rot rather

a linear and irrevers ibIs event.
, o ":."~! 'n

~ales who Were behaviourial

fathers lost or conceded' alpha status
jl

immigrants who previously had no a.cqes$ .t.o fertile f~Il'lale$'and

thuseou Id not; be fathers of an.·y·.·•.··•···in:..·.•f).•.·i~int.s."l·n·.··th t -.'.:.~ ".....~ roop,

'" ~{

V4: -J.

Ihetw~ nQn-pa.ter~<\l mal:s '" and ~£)r: r"~ei,,ed. no major
wounds and who ~mmlgrated Tollowlng 1?r(~lo1gedperlods of soJ.itary

existence are of interest. Upon immigrat/~on, these two rt\ales whO'
I)

presumably emigrated from their, natal J:roops no earlier than
R

• '. .." ff
seven years of age and thereafter fjpent liat Leaat, three years in

solitary existence, wefe just beyond t~fe consid~red. prime age
Ii'. .' "

limit of males in population~ elsewher~! (Altmann et at , 1988).·'
Ii ,II

Their strategy of entering the troop! only when the opposing

resident males were t,qeak or wounCied, s:uggastad an unwillingness

by them to confront prime I heal thy males. This is possibly also

the reason why, when later challenged by prime immigrants I they

conceded although being of nqn-;pat.erllal ~tatus.

It seems unlikely, from the pattern of 'Y70uridingof cha~~engers,

that fights w~re mare '''iolent ,in the Kuiseb troop t.l11r il)' tihe :

Okavango troop (otherwise the challengers. wov,.ldalso have shown

more. in]'.nrl'.· e''8) • '. 1 ~n·.. -the ·K· ·u·~..aeb troop..', res~.·.d.'.ents get... consequent YI ... ...

more seriously wounded in fights that are apparently no more
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serioUS. Data indicate r~sident 'ffiql€\~to De very vulnerable and

at high risk serious i"nju.r.'.v if they··..•..c.. doc,';.,..l . not concede to

challengers. It seems that fights favour. the challengers and

that challengers have an 5no_rmous. reserv~) SO' that, as the

intensi ty of the conf lict increa.ses I 'they remain within capac!. ty
"

and residents who do not concede are send.ouslY wounded. The

reasons for these apparently l'op--sided fights rein~in uncertain

hut the relative age of the fight cQntestax:ts i~ likel~ to be 'if
.. . -~ _'-<:, ',..id: <_ .. ·····i;,'i! _', _ ':', - _ - _, _ -~~, . ";,' , ::--~\J

very important facto x,: • The cananes Q.s." adult i\'\a.le baboons reach
c .;

maximumlength around tn.e age o~.their natal emiigration and ~heiYl

bodyweights increase following natal emigration (Hamilton and

Bulger, 1990). It is possible that the fighting ability of newly

imtlligratedmales is :rar superior to older reSident males and that "
I.£_\

fighting ability (of Which physiqal development is a qomponent)

is the major contributing factor to contest 'outcomes. To

evaluate this hypothesis, the ages Q of individuals must be

determined, preferably, by known,birth dates, and their success
,{/

in contests monitared.

n

The high p:r:obabili ty or being seriouslyO i~jllred is plausibly the
Q ..'

reason top-ranking pa·ternaI 111ales concede status" to prime

immigrants without engaging in oombat. In the Kuiseb,
exceptionally high infant mortality prevented the Cteyelopment of

assymmetries in resource value based upon pat;ernal s.tatus. As

a reSUlt, debilitating injuries, ~nd death ,during fights to gain
('

status and prospective fatherhood 'iV'ere, under -nheconditions of

high infant mortality I the rule.
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c.

C'ondl't,l'ons of high infant mortality in the l(u." ""e.b't·· . .. ., ...... roop 'Were fiot .'

the context o.f adult male con:e1.i;:t but we,pe'y imnortan t inanl ~

also important in comddering:;'ge~e tra,nsfer and genetiy diversity

in the l(uiseb troop. With such' poor ' infant' survi;va1 rateS I

'c ._""

factorS relating to inbreedirlg "av;pidange (l?acker, ':'l.~79) become

irrelevant 'and .'genetic 'divers'i~Y will 'lar~elY depend. on "the
" .Ji

extent of gem~homologyamongst the, breeq.ing males. j:"As indibated
, '. ''',. . I'

in Table 6 .1, the large number of male J.mmig:t~p.d~originating

from at least four different localities makes i£"iinlikelY th~\\

t,~1lI1ligrantswere closely relqted." Also", the a~fSel).ce '-of any
.:;: '.'

-.- ._.,: '._.. .... ..- . :. ,;:., '-

juveniles Or sub....adul't. males <reaching 'adulthood li:ih the Namib

populations for at least the last e'ight· years" DlakJI~ it, unlikely
\.~ . . ,",

for current breeding males i possibly originating f:rom the Nam?,p
L..~;

BecaJke the ,l1,~eian pegree of
\\ Ji .. ,. .

relatedness between individuals horn in the sp.me-"tjrbop decreases
:":i '.

.,
populations t to he closely ,related.

I
1/' ....

, . ..... . " ...... '. .... .' .' ".'1as the average tenure of the alpha male pecome::; f$h.Qrter (Packer,
/7- 'r·

'..... ..
. ,;? .'. .' . .f: .

1979a) and with on average one;:Jn$a,;nt 'surviving e1bh year in the

:Na~btroop, a 101< deg:t:e" Qf ~~dness amOngst'the surviving

membersof the Lower troop is t.o be expeC!::'ted. It is probable
0).)' ~ iU1'

therefore that even with fewer adult male i~l(mi~rallts than
,,' "c" .,... "/7".:1

recorded here that the genetic di,ters1. t¥~ th~i~~r~,I'troop would

be near that or the local and more i1:J}.:.crtitl\~~, il~Ils·
/~/' .;/' '. "__'_~'" '!"' ..... ~"! ,:'·i.£~h'~
r ,', ' il'l" ~\'.,;"·"r'·~[";I(\ .'! ;)?> \~>l>·jf'.:~i/~'
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INTRODUCTION c,

/1

AIlimalsliving in a desert envirl:?nment are. fregu_entii constrained
(;i,L", <. ,.

IV \

wits loW primary prodl.lctivity~~and ,pat~~y distribut:lqJl 'of food
.. . '.. :~.

'plants (LoUW and seely, 198.2) .. '1?at;chY~dispersiono:~ plants of

varylng nutritional quality may :result in periQ~~.·c energ'y.
() . '. , '. .,

deficiencies~'"micro-nutrientand ,~lectrolyteprotein

concentrations in desert plants are also known tq impose severe
I 0 \) " I

electrolyte loads I. especially pO,,);;as$ium, on anima_1;llinhal:iiting
G

.0.;;

desert environments (Nagy, 1972.; Nq,gy, Zhoemaker ,f\ndCosta, 1976; ,
r,

. 0

Kitchell, Seely, Roberts, PietrusJ~a, McClain, Griffin and Yeatotl,
I.)

1987) • However, the overall unpredictabili~y of a 9-esert

environmentplaces periodic nutritional stress on all its
'j=~:\

inhabitants. Adaptive responses of $imals' to nutrirtional stress (iJi

\\ '. ...:.:' f.--:' ;. ~.. ".' ; < !

andqesert environments. include the storage of ensrgy\ j,n the form

I)f fat, migration, decreased metiibolic rate through aestiva:t;ion ,) .:
. 1'=,

anddiapause, sun basking and Sel(~ction for smai'l body size (LoU't¢l

andSee'y 1 1982).

Baboonsare not known to demonstrate any of t.he above mentioned
c· ; <

adaptations for'living in a desert envi.:conment. llath.er, the mosb;,
.' r'I,'

striking fact about baboon diet' is its .variety ~~d eclecticism

(!iaIl, 1963; Altmann and Altmann, 1970). Babqon.s lack highly

speCialized digestive system ahatornical adaptations (Dunbar,

1988),but have keen vision and mttr.t:ual dexterity, em;!:blin~~them
." .. -' . : \\ -,

to exploit a wide variety of feods. Bc(':.:jon ohnivory is

conSidered the major factor enabling their survival in a great
')'

()

'.\_;). "

i"



-'-. --.,..__..,...--------._-

I.':'

dl'VerS.1'tyof habitats (A,ltmann ahd. Altm .- '.'" ann,. 1970; llandltdn
c:' _", _. -- '.,.. ,

BUskirkand 13uskirk; 1978).

In this chapter I examd.ne the feeding habits a.tid., ,¢i:iet t;;:f desert

baboons iehapter 1)' in ti!:€:'·Kuiseb RiV~~patlyptl-';~"'i~a~;?~i~'d~'";ri~--~"'·~~
"~"""'" ' . . /': . '.,

feeding patterns of the }:)a,p,O$lfS' and ..tp.~.seasona}{'6hanges in foods

I

J'..J.i,

• _. -'C-"_ . __ "_ •

used by the baboons. Chernic<'11ana~l;{t;es ot"¥he variGllS, foods l-::as
/- '_',' .,"", .-....:,:'...<: '

condtlCtf3c1 to determine the. nab$?t;;tus' dietary composition and to
;';/ ' ..

, assess vthether their nutrit;,ot!! was unique~ ((

STUl)! AREA AND METllODS

The study area and th~~baboon population at'e detailed in Chapte.r

Scan ,sampling (Altmann, 1974) was used to r'ptain quantitative
\ .. '

inforrna tion on feeding pat;terns * SampliJlg was carried, out at
half hourly intervals. For each sa.mplE! ! made a sweep .~rol'lt one

side of the troop 'to the other, recording what: each v5.s;Lble

animal (excluding infant's) was d.oing' in as near an instantaneous

sample as pass ible. All samples took 1-4 minutes to co.mplete.

In the present context I an animal was J::jacorded as feeding if it

was harvesting, passing food to its mouth, biting or cl1ewi~g any

item e;ther than unknownobjects picked off during grooming. Scan

sampling was carried out during two periods of different water

availability: in ,january 1990 when there 'tV'as no fre'~, water

aVailable to the baboons and in March 1990 when Hater was
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sl'ty of hmbitatsdiver
trl'rk and 13uskirk, 1978)

ellS}>

Altmann,

c

i' thiscbapter I examine the 1:eedil1.!l'haj(its and diet; 6f1~1'el;t

baboons (Chaptelr 1). in the Kuiseb Riv'er ~anyon.. r determined' the
D •

feeding patterns of the baboons and the s.easonal cJ;langes ,in foods
c. -_,/

usedby the bebocns, Chemical. analyses of the various f.oods was

conducted to determine the baboons I .~ietary compos i tion and. to

assess whethe:c-their nutrit 1.on 'was unique.

c';

STUDY llREA Al~D J~ETHdDS

_ ': . . " . . . .. . __ ':. ".. . .' _ ',.. \~:.~'W
The study area and the baboon pd,pulation are Q.etailed in Chapter

'·1 ,'-. ;':' ,
I /In // I:)

1 ii,
I •

o

II
Scan sampling (Altmann, 1974) was us~d to obtain quantitative

information on feeding patterns".
r:

sampling was carried but at 'J}

Ii,·,

half: hourly intervals. For each sample I made a .sweep from one

side of the troop to the other, recording what each visible

animal (excluding infants) was doing in as near an :i.nstantan~ous

sample as possible. All aampl.ea took 1 ....4 minutes to complete.

In the present context, an animal was recorded as f~eding if it

lIas harVef:iting, passing food to its mouth, l.)i:t:i,ngor chewing any
t(). ... (I

item other; than unknown objects picked off dUrirlg g~ooming. scan

sampling was carried out during two periods of different water

availability: in January 1990 when there was no free·. water'

aVailable to the baboons and in March 1Q:90w}?;-anwater;l.W. as
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.hundant (Chapter 2). I ~ampl~d every half hour frl" d
d,lI " .... ~~ awn .tg '. :.,

duslt for five qays for each safu~ling period. Th~ median number \"c

of records per hour (iel two ha.~f-hour Sanlples) for the
~ 0

respective periods was 137 (range 121-14q - January) and 135

(range 12i-156 ._March) and the,. median number of animp.lS' record'ed ",
<, .: r;:;;'1~'

for each half hour sample was 14 (range 8-16). Dur:lns scan

samples:r al.so recorded t.he species and parts of plants being

eaten by the baboons. :tn both' J'ant;lary aqd MC\rch the baboons 'were

feeding on the same food plant.s (see results) and 'used the same

feeding sites,. CliIl1Citic data ,:fell: the two" sampling periods were

recordedat GobabebI s first orq,er.W-aather station (Chapter 1).

,')

S~asonal changes in food plants used by the baboons were

dete~\nined.1 spent thr~~ "day;,Sof each month (E!~rl;YI ltliddl~~Fc{'nd
>'

lr;ce part ,of the month) for a year (19~O) during' which I

distinguished between. .feeding' :"periods when tUff obcWopns were
\'

.feeding on a single food as' op~losed to th9~e"w:hen feeding was'
more. eclectic.

1\'
This distinction', waS abetted by ,the tendency of

n

the group to enter discrete stan\~s of f't"ulting trees~'-or bushes

for variable periods Of time I oft~\n extending over, several hours
I'.

induration. In order to eV'al.ul;tte 'the :J1e1ati.ye· im~ortance Of
it

t~e different food plant sp~cies t~~f:he,paJn90n~,ta:p;~ of. the parts
,;- (- ", '"

of the plants consumed, :t distingtlished l'>e,tween:

.:,

1. primary food sources; entilfe troop feedi:n!if\'fat:-:
, ;J !~;- "\

majority of a feE;!,ding; b,9ut l,b!J ti." ~petrifid plant ·,or pari;- of

plant

<.

\\.

E'\'S1

'-';_ (i



'\}

2. secondary food sources: :Enoas which typifieq, periods whence

no single item was dominap.t

,Ii" "
3. incidental foods: foods in.frequently consuaea.

(Lindberg; 1977)

Inorder to determine the rela.tive importance of the diffe:riant

pdmaryfood sources r ): estimated the amount of tiln,~t.tl~ baboens

spent feeding on each fQ'a~, s?urce durirlg f~~ding bouts .., The'
"'_~\~~~~:~~"-:'.:.. _ -0 -~:-';:-_-_--\} '.',

approximate total time spen~';\by' t.he baboens feeding. on the{

various primar'j food) E!()u:rces was'. t,hen calct:tlated.,

I 11% \: ' I'" I

Nutritional and mois~p-re ~1)aly§e¢ we!j~carri,e:r.t ;o~t on al! pr.ill)ar:t
\: 1

and the more cOInmonl~)-used secondatYiLfaad sour~es. {i:"$amples aj~
.\ ." .. \ >, .:

plants for these an~1Y$e~ were "Collrlacted ftesh fro@' t;rees or,- II .' - ({ . '.J', ,. {

~. '. J . ',' ' d;
bushes at times when \rhe baboons werel'\, actually feedinst on t;pem.

1\ o \. .•

Sa.tt\pleswere weighed iIU the field. UPQn\\collectiopl. ! determined
I' ..... o '. ,. \' ..'., ,c- . >

water content thro;lgh ~\hemass loss fol"lowing drying at 8!J,,~Cfor

four days. Concen trat:ll'on at seleoted lUect:tolytes was measured
• • -- - - - \\'- --- - - :;.. • • : '. ~\ -:'. ~-.. ." \) - - -<

hy atomic absorption S~,ectrosoopy at "tli9" OutsJ;lan, Laboratorie9,

South Afri.ca. Protein dbntent) was dete~Jnined us:ipg the Kjeldahl
~;~ 11

technique! gross energy "tas d~tatmi'ned, t~lrO~~h bon$ Citlori~~¥~fl~f C\
:1 . q,.,... " {{'It

fat through ether ext.raotion, ,:'and(hitrog~rnf17,ee ~;xtx:act (1'1'11':8) ~as ,-
---F " /;:::.f ';] .' .~

calculated throuqh subtifaction. These ~lnalyses w~re done by the
I" Ii --_ - (I -'-'~--~.

Dairy Research rnstitut\~ fL-e Irene, sO'u~~.Africa.
r I'

\
1:

ii,
I'

"
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use of animal foods by the baboons was recorded. whel'1eVer..it was

observed; this activity frequently cOincided. T,!tith'r~eather

conditions permitting the baboons to leave the Kuis.eb canyon and

penetrate into the Namib sand sea.

Alldata collected by (~tan sampling ~o]'asarcsin-square root

transformed prior to statistical analysi:s (ANCQVA", and ANOVA) •

Data were transformed because they we~:e percentages and the

percentage values were close to zero Qr 100 percent.
o

RESULTS

Therewas a significa.nt difference' betweetn tp.e tints spent feeding

by the baboons on days when wate,r was not available and when it~

was (Fig. 7.1 i ANCOVA; covariate houre ; F :: 1.8.53; p < o.oen;
residual df ~ 257). There were no significant differences'..... II

between the daily maximum and minimum temperatur~s recorded

, during 'the two periods
"

in January and March when feeding

behaviour was recorded (Mann-whitneycu test; maximum temp,r;:lrature,
", " "f

z= 0.42, P > O.6i minimum temperabl're, Z ~ 0.31, pc:;> 0.7). The' Ii
I(

data in Figure 7.1 show that feeding activity dropped of'f earlier

follo\<1ing early morning .:feedil"l:g·bouts on the non-o,rinking days

than on drinking days. 'thereafter I durihg the midday period
. ..,. !; =)

feeding acti vi ty remained low but peaked agai~ in the" 1at:T

afternoon when, on non-drinking days 1 feedi:n,g activity exoeeded
<:1

that of drinking days from 1.7hOO to 19HOO. Using the Tuk.ey Itest



for 1NOVA, significant (p < 0. -.05,,> dif-P
!Ii '. -I:e'rences were..found between

the two sampling periods for 09ROO-loHOn andl·1tl,. oOO·"12HOO.
I:.,

corrected% feeding baboons
100 rn---r--""'"""T----7"---,~·----'---.......£'--_____tr.,.....-_.__._..,_~_

7:00 8:00 9:00l0:0011:0012:0b1:3:09r4:0015:e016;00'l7:9018:001~;do
',' ',- ". ",I

time!)



Plant foods

Tbeplants and the plant parts eaten by the l<Ui$eb babcona are

listed in Table '7.1. Invasive plan1:s of known toxicity to live..;.

stock an1 jnrmans.; (Datura stramon.ium,. N±c9ti~na. g_lauca and ....

~one ochrQleuca [Watt and 13reY,er-Brandwyk 196~J) i were eaten

regularly when encountered and fall into the category of

secondary ;food sources. The baboons s.powedno apparent unusua I

symptoms following irlgestion of these plants (see discussion) ..

Figure 7.2 gives a schematic representation of the primary food

plants eaten by the baboons on a monthly basis together with the

incidence of invertebrate :feeding. Feeding on .primary plant~'

coincided with the seasonal peak production of the specif ic

phF.mophases of those plants (van wyk, Opperman and KokJ 1985). {;
.,: - - - _- - " ..

. .

Nutritional analyses of the primary plar~ts ar~ shown in Tahle

7.2, While moisture content and selected electrolyte
concentrations of primary pla.nts are included in Table 7.3.

Analyses of the protein conte~t.of the plants shows that wi.th one
"

exception (Acacia erioloba - g:reen seeds) the protein values are

towards the low end of the ndrm9-1 range .for vegetable plants and

mUchlower than the pxotein content ox seeds or .;Animal tissue

(Diem~1962). . The use or invert~br~te ~1e~;. bY. thes~ ba~oons1

espeClally at the time of near ex¢lusJ.ve fJ.9' f~;edJ.ng (FJ.g ._7·f and
L~'/

see Chapter 9) therefc)re "enhances not only energy upta~~1 put '.

also protein uptake. \""
'~'~

\;.
,:)_\



, "latltG foods ~ primacy., secondaxy and incident;al eatrm by the babe; ~able1•.u * ,./ ..., .. .. .. . ana.

~1ff
ACaC~ grioloba~~
~ QPeudebenus

~ alb ida

Ficus cordata
;..=--

~icuS sycomorus
!:.=--

~vadora persica

Acacia erioloba

Argemone ochroleuca

gyperus margina tu~

Datura stramonium

Faidherbia albid@.

Flaveria bidentis

llicotiana glauca

llipagrostis
sabulicola

fiibuli~ terrestris -

INCIDENTAL

Mgnolobus gechuelii..,.,

m..chiaria g1_omera:t.a-

~us spinosa -

~ suffruticosa

green pods,'cotyledons of seeds only
c

green and ripe berries
bark strips
green pod seed hulls
green and ripe fruits
green a.,ndripe fruits
ripe berries

dry pods
flowers
pith

ngreen st,ems and corms

root, pith and fresh flbwers
flowers
dry pods "'.

pith and flowers
pith

green stems
seeds and flowers

flowers
leaves and stern·

t:0

leaves and seeds
leaves and pods
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plant foods

Theplants and the, plant P~o~s eaten "by the 1<uiseht~~Paboonsare
. . '~)'. _, .~"? 0 - V,- ...,:..~. - :'-

Hstedin Table 7.1. Invasive' plants;of knoVln toxicity to live""

stock and humansI (Datura "stramonium., NicQtiang;:~~;lauca and'

M,gWlone Qchro leuca, TWa tt and Breyer-f3rand\"YK'19,62])" were eaten

regularly when encountered' and fall into the category 'of

secondary food sour-ces w The baboons- ,showed no ..apparent unusua l

symptoms :follOWing ingestion of these p:tants (see discussion);,
-".i/\

,J I,""
" I:

Figure 7.2 gives a sChe~~itic repres~ntation of the priinacy food

plants eaten by the baboons 'On .~monthly basis t()gether with the

incidence of invertebrate feeding. F,eeding t,m pl;",imacy plants

coincided" with the seasonal" peak productiol) ,of the ,specific
'III

ph(.,'\Ophases of those plants (v,an Wyk, Opperman .and Kok, ·1985).
, ,

Nutritional analyses of the primary plants are ShOWI\ in Table

7.2, while moisture corrt.erit;
.. \\

and (::)selected electrolyte

concentrations of primary plants ar~,:,included in Tabl~\ 7.3.

Analysesof the protein content of the pl@.nts sh,owS that w'£th one

exception (Acacia erioloba - green Seeds) the protein values are

towardG the low end of the norma), rang~ for vegetable plants and

mUchlower than the protein ciontent of ss,(.::lds or animal tissue

(Diem,1962). The use of invertelnrai:e prey by these, baboons I
(j

espeCially at the time of near,~j{clU$i,ve f\g "feeding (Fig. 7.2 and
~ .

see Chapter 9) therefore" enhandes not only energy uptake, but

also protein uptake.
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• ?Hnt~ tooda -' pri)nal:YI second~r}' ,and :i.nciclental eaten by the "ab'rab:e 7.1.· ._,"c . ,". . .' .' a.l ncna ,

~

~' §_rio1oba

.'~ :gseudebenUS

Faidherbia albida----
Ficus cordata
::.;:.--

!lcus sycomofus

~lV'adora 'Oersica

§ECONDARY

Acacia erioloba--
Argemolleochroleuca

Cyperus marginatus

Datura stramonium

Faidherbia albida

Flaveriabidentis
NicotianC3;glauca

Sti.l?£lgrostis
sabulicola

Xtibulis terrestris -

!NCIDENTA1d

M.enolobus pechuelii-
~achiaria glomerata'-

tlruloraphus spinosa -

~ sUffruticosa -

green pods, cotyledons of seeds only"

green and ripe berries

bark strips
green pOd seed hulls
green and r:i:pe fruits
green and ripe fruits

ripe berries

[I

dry pods
flowers
pi.th

green stems and corms
root, pith and fresh flowers
flow-ers
dry pods

pith and flowers
pith

green ~tems:
J. Iv •

seeds and" flowers

flowers
leaves and stem

leaves and seed$. ,y'

leaves and pods
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Q~ spp

horbl'a .avas.montana-~ ..-
~. ovallfollum
~~ryanthemum spp-

!!QrirI.i@ ovalifolia
~eosperrnum

microcarpum

pechuel-loeschea
~ leubnitziae

peIiostornum- leucorrhizum
petalidium

angusti tuburn
Regeria long:.tJJ.ora

Rtiellia diversifolia-
Sesarnum gapense
Sestlvium sesuvioide§.-

Setaria verticillata-

Solanum nigrul!!.

§Q.orobolus robustus -

stipagrostis ciliata-

Stipagrostis
namaquensis

ftipagrostis
sabulicola

fultet9_ ca.nescens

~hrosia dregeana
~ capensis

H§l.!.itschia
mirabilis

_hyllum simplex -

stern

pith

pith

flOwers

root. base

flowers

flowers
pi.th

flowers (J

flowers

'I{.

leaves and flowers
leaves and seeds
berries
leaves
stems and·seeds

stems

stems
flowers
pods
leaveS and~flowers

cones
root$
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wW! spp
,~ avasmontana ....

He].iQ.tropiu~ .
~ OVallfollUm

Mesembryanthemum- spp..,.

.®.ringS. ovalifolia

osteospermum
.- "millocarnum

Fechuel-1Qeschea ,'::'
leubnitziae

u

Peliostomum
leucorrhizulll

Petalidium /1

angustitubutfi

Rogeria lanaiflora

RueUia. diversifolia-

Sesamumcapense

sssuvium sesuvioides-

Setaria verticillata-

Solanum nigrum

stipagr(Jstis ciliata .....

§..tipagrost is
namaquensis

lli:pagrostis
sabul:i.cola

fultera panescens

Xgphrosia dregeana

Yi.\hliacapens is

llMwitschia
mirabilis

~phvllunl simplex

stem

leaves

lerves
/:'plth

,) \\:flowers'

,t'J.dwers

floWers
pith
flowers

flow'ers

leaves and, flowers
leaves and seeds

berries

leaves

stems and seeds

sterns

stems
flowers
pods

leaves and-'flowers

cone's

roots

'93



~A-c-a~c-·.·~ia~·~~'~~-4----~--~--.~,'.~~~==~~~~----~--~~--~~~±__:.
MAll ti£_Ujl gycomorus

Acacia erioloba

Salvadora

MAY

JON Salvadora

1------1rE=~£ p~e15enuFFaidherbia:~~lbida. ,iI-! ~,.- _

J SEP
s,:!amponotus
detritus

OCT

NOV

DEC

1 2
(week~)

. /"1 '-'_ ",' ._ '-.- _ _ _ _ _" '.. :(.,

Figure 7.2. Scher.;sl;.icrepresentati9)1 g.f prim.a~;" f9bd ;lants ana. invertellr~tes used by tl;e baboons b::t a

I<luthlybasb lit 199,0. .sita of area oCc::!l.Ipled by sp6cifi¢ plant ,I." each !libnth block ind;i,cati!l!!lIlpproxim.at.e

I.'

'_"~"



... l~

APR salvado;ra persicr ~hriC! ';~busta ""jl
1._-+-....-.--_ ............-------"-_..-.. __ ~ larva.e & pupa

sa.-JE~dora J2grsid!a " :Jihria robusta
larvae & pupa

salvadora persica'~ .:"'" ':,
_~~Euclea :rui.eudebenus

~--~--- .. '

JUt Salvador?, :Qersica~~------~--~----.~~~~~~~---~~Euclea pseud-t:.ilP::;:.s:n::u;;;s::_·~·~ ~· 4_.-.:v~a::;r::·.~:::.:'e;::d~'.~,.:;......._
Sa.lvadbra (~ersica~..-.

varied

JUN

AUG

Euclea pseudebenus Faidherbia alb ida variedI--+:::::=:~~~~==~~~~~~~::::=:!$._-I--_:~~~,---' .

sa~~~~~~: ~ .:f ~~amp'onQtus
,/ Faidherbia alb ida dlet:i:'i tus

Faidherbia ~6:lorn~..-,-+, ~_.~_r._tP_r_~_.~_u_;_u_S__ -I'

:Incus §y'¢omo:r'us

SEE!

OCT

NOV

1 2

"

Pigu~e7.2.. Sclll!lIIatic l:eJ;l):'eilen1:21tiQIi 01 l'dldry tood pl~::Jt" alid irlvert ..bZ:l,\~(l. ua¢4 p)' tli. b6\bo(lli$. Q~ a

lOatbly hasis in t990. abe cit. a:(:~a oe.:upiec1 by .p&cifi¢ plant in "ac:~ liaO'tltll b10<:,'F lndi!:lato. upproxillLl!.t;e

I
_J
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dry pod

Ficus
~comorus\ .,..
ripe fruits

40 ••3 6.6 35.6 ".17.2

31.1 $~.6 19.9
'. '.

17~3 6<3.3 11~1

. ,

16:' 59\'~4:.. i7~5
20'~6 52.4 19'.9

Ficus
cordata -
ripe fruits

10.6
6~9
l •.o ,

5 .3 4.5 49.2< 15.7
f?

0.5 44.6 37",7 15.5
:."

o

i''',

CJ
1.3 20 • 6 58.4 11.7

/

I 5.S·5.6 0.9
i~ ~_-+ ~'~ ~~~~~~ .+-__~~~ .~~ __

!_i_-':'

SalvadQra
pg_sica .:::
ripe
berries ----~~~,~~--------~
Arg:{Lmone
®hroleuca
.. pith ..

I 10.01.3
"

'C. '

0.9 I 6..0 11.1

5.0 / 17.1

0.95 I r, 0 ,

llatura
g,ram;nium-
steIn base~ 0.98 I 12.0

I 23.0 1.1

'\

37.9 19.9
'!

46.1 10•0 13.1
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a '
with regard to \vat~r, content (Table 7\,3) t the plants fel171~to

\ '
threecategories: the dry pods of Acacia veriolQba· and Faic1herbia

~ i'lith 3% moisture t the \\leeds and i:)err:ies of 'Acacia

~I Faidherp.$! albic1at Eucl!1~~ :gseudebenu~ and 'Salv?idQr~

pgr..v.gg of between 53% and 12% water and. the Ej.Cll'S spp anti.

invasi.ve plants of between 84% and 94lRwater. Thus the baboons
Ii D

hadaccesS to plants of h1gh moisture content. (},lspects ctf plant

water are further al1al'yzed <, in Chapter 9 ~)

Theelectrolyte concentrations \~n ·th~ iopd plants express~d as

mmol/kgwet mass (Table 7. 3) did not sbow the range of vat-iation

as seen in plants from "other lOtations in the Namib ,desert'

'(Mitchell et al. 1 1987). ~otassium ~~oncentrationsl)w~re uniformly
:'i

l{)wwith the dry pods of Aca.cia _g!riolQba having the highest

concentration of 347 mmol./kg. SOl;tium ccncentration.s of the

,various plants were very loW'with l'llore than half .'the samples
,l/

havingconcentrations of c 10 mmol/kg_ The high potrissium:.sogium

ratios of some of the plants wer~ as a result of! the very low
n i'

sodium concentrations and not as a result of very high potassium

concentrations as was the case with (':her desert plants of high

potassium:sodiumratios (Nagy, 1972; N"agy, Shoemaker and Cos·ta,

1976). However1 the overall low electrolyte concelttt"ations of

the various plan~s are not likely to impose any serious

electrolyte loads on the animals~ The low electrolyte

concentrations of the plants, especially SOd'i,uffi,is likely to be

an important factor in body water conservation ol the baboons and
Ii

other animals eating the plants asf~in:i.mal water would be nneded

to eXCrete the sodium via the kidneys {see Chapter 10)'.•
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Plant
I>

oo<~ 0'0

Water,content -* by mai:.fe ,
0,000 (n=4 througnoatj
'_ ~-

-;' :::::;--
-":'~."",0'0

Electrolyte concentration
00 (mmol/kg wet mass) (n=l)

l~a K ca Mg
:

o ! K:Na Ratiq

~

",,:-

..:::.""~"'~:::~

S '02 '14-1.. ..2 16 46
16.8 34rr:~"'J:~~\;t 47*9

:colr-°~~--' ~~ __ ~~"~~'__ ~~ ~~~ ~r- __~·~oo -=,~~ __o__.o-----------r-----------=--~I
38.8 143.4 54.1~"<'·'·"23.2

Acacia erioloba
green seed.
dryopod

.Euclea pseudebenus
ripe. :berrie'~

//
.:::/-~.",( Faidherbia albid~

greenOseed covet
dryopod : I

Ficus sycomorus
ripe f;rult,s

"

±
±

60
3

3
1

. ,~,

4.9 75-.0
1'6 • 8 ~;;"283 •.5 12.1

61.9
29.6
32.3

5.5.4
18.7

10.6

44.9
12 •.5

o

12.8

27.2
20.6

3.69

15.3
16.9

Ficus cordata
, ripe fruits

.: c.
.... Salvadora J2_§1'sica

-: •• o ripe berries

53 ± 3

- ()112 ±
3 ± 2

87 ± ,: 4
c

0.0

84 ±
0,

2

71 + . 1-
, .

- ~;~

86 ± 3

92 ± 1.

94 ± 1

'0'

Invasive Plants
Argemone -ooh.ro ],euca
I pith

r Datura. stramonium
l\ stern base

22.3 90.9 24.9 18.8

6.1 66.0 39.8 11.7

25 e 2 134.6 216.1 19.3

10.1

14.0

10.8 I

5·~4
6.5 110 .•3 28.9 1.7 2.2 1.7.0

4.86 1.01..1 43.3 42.3 4 ..1. 20.8

7.8 14J. ..5 27.8 ~.B 2.5 I ~8.1. n
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l'aboons 'used

f6rain, 1988;

nearly excl_usiv'ely when no water was. availab:le

1990; Chapter 7) were ilnpor1;ant because the baboons
o

obtained both the ir water and" food reg\lir~~en'ts frbm these
, "~I ,~

plants. B,esides both plants having low protein'; content ;,~C:~ble
f ~I

7.2)I they were both 0 high water cOlltent and were" il1,gested
rapidly by the baboons (see chapter 9) .

.1.11
They have r~latf~vely

" , ' '~\

especially Salvadora,high fat percentage, low, fibre percentage,

andsalvadora Ls a valuable aourca of calcium (TabJ.e 7.,2).

Anj.malfoods

Othtarthan catching and eating fish (TilapiS! mossambj"ta) from
if'

smallpools left after flooding (Chapter 3) ,I I did hot dee Kuiseb

baboOM hunting or eating vertebrates.'
'C

:aird nests We+e

occasionally raided and the eggs eaten. A variety of

invertebrates \olexe eaten and the incidence, of aeasonaf feeding

oninvertebrates is shown in Figure 7.2. The baboons undert.poko _ ,
,_,~..t~·

trips into the Namib dunes, located south of the Qanyonl' on nays
\

When the coastal fog pene'trated as far as their range. Th€ foy

appeared to keep the sand-surface temperature' in the dunes down

long enough to allow the baboons to reach their feeding sites,

which Were up to 4km into the sand dunes and return to the river

before sand surface temperatur;'fs became prohibitivelY,.,hot. In

the du ' t' 'b te' Larvae contia ined innes the baboons fed on inver e' ra '
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(Fig. 7.l'f

.However, ,t~e main "'activity was

the excavation or large al1,;t ,tles"ts , (OamrumQtus. detrittf.§!f arid
.. .,', """ "P' ;) .:. _-, :-

eating the eggs and lar~ae/ especd,a.lly the alate l;rva~~1fo~nd
"'[.1 . '_'" '}.',CI.

inthe nests (~"'ig. 7'~'41.""'The ·troop ··ex:cav~tedup' to '3S·
i

'nests in

asingle two hour dune trip. ,All except the very young' babcons

appeared tolerant o~f the ma.sses '6fo a~ts 'i'that" Cli~ed o:t:\"'to them

during their eKc:avat.ing .. The paboons 'Jmried their feet in' the
,Cr'-- _,- -, _. -., -.'; .

:;

sand during digging, presumably to prO(i;.ec:t them from being bitten

by· the ants.

/
InMarch, soon after the flood. wat~rs had 'passed and the hard

-'~,
" '" ' ' , ,\~

silt banks were softened, the baboons dug out the large ericJtets,
I~_ .' _." ._ 'J '" ,u ,-.~ . ;:. ~__ - " ... "". " (i

Brachytr~ mC.. Iranacet1.~l. In April and May, wh~n the larvae Cif
themoth Thria rQbust.g draped but ,6'£ the tr~e$ a~d b\'lri~d in the

. .I ,

sand to pupate I the baboon~ ate li~t~,e e1!f>ej'"as these ,il'art~,ewe~e
\\" " ~l " (;t

particularly abundant. At 'other ti\"es, Inv.ertebrat~ :~eedipg was
'( . .

varied and sporadic. Sl'.lec'i.es ~1~ten included n :~he locust

Sghist~cerca gre~ria, buttei~£:('ies B~ltin~§iaurQt$\ and ~\atQI.1!?Jj.llia\
~;,? .. ' 'c •.. ',' ' • \;

florel1~ and spiders from the Lycosidae. fa~J.1Y, ~~e hJ.s:h~~ytolCl.C'

scorpion Parabuthus villQsu$ was not eat'e.ti whi.le the equally

large, but non-toxic opistQthalmu6 fJ.ave~ens waS ~

o
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'-.' , '. ', !)

gallS of the dune gt'~sse,s I

~~QQla. They alsQ a d~g i10l,';' vl,hite leidy;, ,rrSpid~,'H,~S,
.' " !1~~, '--, .''::'

~QfChestri!f spp, '(Fly. 7.3)" $UCCeS~f'ully' ca:pt.ul·ingthem, at
,:." " .. ' .... ," , ' ., ... ~~, ." Q, '.

anobserved rate of ~2%'\ (n=691. Howeve:ri the 'main activit! was
,.:> ' . i".:-{ "~. ,ti

the excavatiqn of ",large'''' arrt '"~ests rqa.nu?pnqtt,1s \ 'detri.tl:!.§.) and
. " .', . .... .' <:.;)'"'' .: "," " o:"j,::' . :~':,:: ,',., .'. >:,:" .. ,',,','>"" .. o_-,,, 0 < " - ,''':,,' '~:, .. ,
eating the eggs and larv~e~ especially the, alate It,u.''''ae ~ fOlln<i

inthe nests {Fig. 7. 4}eo The t:rOOI? eltqavated 'up 'to 35 n~sts in
" ('\", ", "

All ~ptcep~",,}he'very young baboons
':'))

appeared tolerant ,of the mqsses of i~'r~~\'that" cli~ed ?n to the~

during their excavating. ,~he J;:!ab~i()h;::;v~lurierl th~iro feet in t~r'§

sand during digging, presumably to l?rotect them from being bittcen

a $ingle t~lC hour dune trip.

(,

'1::-.,
c

In March, soon afte):" the flood watErY

siltbanks were softened, the b~boon.'?
o

'n

:'l~adp"assed an¢t the hard

out the large crickets;
"

',Bra~hytru:ges tnembranaceus.. In Ap~t!rl,and May I, ~h~,p" ~he larvae of
,. I) . ~ '\:' \), f;,

the moth.'J'hria rQbusta draped out 0; the trees GlAdbutied J,nthe
:: . " " '0 ,.

(0 ., ." . i)

_sandto pupate, the baboons a1?elittle e.lse! as th~se lar::va~were

particularly abund(ant.' At other tirites.,. in;e'ttebr~te feeding: was
)1

varied and Species ',_' " .~ " , ,,' ,,', I.)

eaten\ includ~d t.he
\) ~

locust
"

.5.Qllli;tocercagregaria, butterflies Bell€!na: auwta. and ~top$illi,?-

. ilorella and spiders fronl the. Lycpsida~ family.•" Thehighly toxic

scorpion Parabuthus the equally

large, but non-toxic QpistQthalmus nctvese'u§. wa.~.o
(.1, .' ". ,;

,-,

.J,',

c
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Figure7.3. A young teJlUlle baboon \l'a> digs out A lotbit,e lad~ (LtlUSllotcbei;!tdl'l.'C11P) spider. (Pboto; Ginger
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Pigur, 7.4. Sllb~l1dUlt )Dale babooll
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DISCUSSION

Results obtained here rega:r.'d.ing t.he "fee~~?g ~ctivity of th~

Kuisebbaboons are consistent and complimentary to thosel

concerningmovement patterns 9-od stationary inactivity witf~'

respl3ct to free water availability (Chapter 3J. However

probablymore important to q"';nsider here was t.he timing of the

initiation and cessation of f.eeding a.ctivities with. respect to [;

core bodytemperature changes (see Chapter 8).

The decreased feedin':l acti vi ty on non-drinki~1g days occured at

that time when body teinperature was rising. continued feeding

and associated movement, as seen on days when water was drunk,

causedbody temperature .to exceed :39°(': generally ~\efore midday

before it was brought down again f.ollowing dri:nkin~(\\<ChaPter 8) •

This situation wa~' a.vo,ided by the baboons "lhen ~? water was

available, and modification of feeQ1ilJ,9' activity app~\\red as one
)-,. ... \\

\\

of the assccrat.ed behavioural changes. However~ th~;\ feeding
II

pattern adopted at times of no surface water appearedji to. P?se
I

.om.other problem". There was a shotter !,$ell.~n.g tillleJI!ili which

notonly nutritional needs must be'met, but also mOistu;le needs,

Periods whenfree water was at a min:j.murnOf.' absent occur late in

the year (genera,lly Oct. until the., next :flood)~. This time

COincidedwith the ripening of :figs and delta on intake rates and

Water content of figs together with the determined water flux
'· ..1

rates suggest that the baboons can meet th~i.:Ll:water ;requirements
(?

through eating figs in the recorded feeding 1;.imes (see Chapter
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,~).Figsdo, nowevar, have very lo\W' protein Content. This was

probably overcomeby the eat:ing of invertebrate!? occurring in the

Namib sand dunes. The NaI(ti~ fog S'ec.uscnlargely ovarlaps with

baboons temporary ac~ess to the:' dunes • The baboons appeared to
11

.' , .~4
throughout" the::~,&,earand data on the

r '

maintain body condition
G

reproductivecapacities of, th~ ,females (Chap'ter 2, Table 2.2)

indicatedno decreases in reprodu.ction" s;ug~est~:ng mainteIt_,ance

ofbody condition year round.

<0-
:/;/-

The feedingpatterns of baboons' elSewhere in arid or semi-arid

habitats are unlike those recorded for tp.e ltuiseb baboons.
I'"

Baboons in arid l~egions other thaXl t,he }.Cuisebcontinue" t.o feed',' -" # h

steadily throughout the day (Altmann (Jnd,,'Altmann, 1970; Stoltz

andSaayman,1970; Dunbar, 1917'). The difference between baboons

elsewhere and the l{uiseb baboons in this:>rega.rd appears to :he the
;.......(... '. -_. " ,,:'..

availabilityof drinking water. Ai/I.. other baboons drank daJ.ly

Whereas the Kuiseb baboons did"not. Elecal.ls.ewater avai;Lability
~ , ',' \

liaS found to significantly aff~,pt f\?ed,ing pa'.tterns of the :guise»

ba~\)onst it seems likely", that ~Na.ter availabili ty ,is probably a
..~\ .

"

major factor causing the inter-population differences as well.

For yellow baboons (pa:giQ cynocephalus cynQceI!lhalusJ in Tanzania,

plant chemistry, especially fibre, was found to significantly

affectfeeding behaviour during the dry but not the wet season

andbaboonsselected foods of lower fibre co~tent in the dry

,<;euson (Johnson, 1990). This sugg~sts foods av~ila.:ble in the dry

Season maybe more restrictive in terms of chemical acceptability
','

or that dry season vegetation spans a broader range of fibre
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• Thus it may be more bene.ficialf .•o.r(euntent. an,irnals to select

~orestronglyfor lower fibre foods in the dry sea~lOnthan in the

[~et. Baboons feedin~r in the dry se4sort':~~nTanzania alsooseiected (S

[ plants of high fat content. (JOhns'og; lQ.90).
I

An obvious shortcoming of \~nyda:ta:"presented in thi!:; chapter is

the lack of information cQ:ts.cerning- seasonal fluctuations of

nutritlVg value and electrolyte concentra.tions of th~ plants.

Data on electrolyte fluctuations would indicate whether the

, baboons warc'::~i~g: certain plants at a specif:Lc development j

nutritive phase or simply because· they wereavailahle. It would

also be valuable to look at urine eleatrolytes fo:r; the baboons

at various stages of the year to assess elecb:blyte loads imposed

by various diets and environmental cCl'llditions.

Although seasonal chemical changes of plant;, foodS' used by the
~:~'-I

Kuisebbaboons were not known; data indicated all primary 'and
<:

secondary food plants of the Kuiseh baboons to be ·0£ high(\ .... . ~
\J ') / . - . ' " \':

moisture content (Table 7.3). In the abaerice Of datsa regarding
\\ \',

daily dry mass intake 'for the baboons I I \\used the allometric

equation for predicting daily dry matter ing'astion (grams per

day) as determined by Nagy (1987). using this equa.tlon, it is

predicted that a 25kg baboon has a predicted dry matter

requirement of 41. 9g Jtrjl' day'"'1. Using this and the measured water

flul{rate of 110rnl kg.1. day-1 (Chapter 9) f I can··estimate the

ll1inimum dietary water cOl'\;tent necessary to support the baboons.

Assuming field animals produce about ,f5m1 R,.,.O" kg"1 day"'(J.via

metabolism (Nagy 1987), the minimurn wat~'~ yontE,int of, the diet
\1 ""'}~~."

\/,
,-,;

Y;·,
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!

! ,
!wouldbe (UO ;... :1.5)i:nl H;z.Okg""1. da:y-:i...p 4:t~9g dry fOod kgl dayl. =
I

[pnl H0 (per g dry food) or 68.7%water.c Data presented here~
,

IsM'iled that most primary foods 9pJ::,enat times other than during
0;

theflood seaSon (Jan-April) had :we-tar contents 'b.,ig}tert.han 69%.

These data support the hyp6thesis. that ~ater ,~optent of primary

food plants was probably a < major

selectionby the Kuiseb baboons.

.. '

factor det~rminin9 their

'.;;:..

The secondary compounds or tOld.City. of some of the plants ,!hsed

by the baboons were of interest.",' Of all. three t~XiC 'j_nvasi\te
_" . o - - ".

plants eaten, Nicotianf! glauc~lwa.s the Inost Commonlyeaten.
~" () ,

These plants contain a pi th o~t 11;ery high water content (94~)

which takes minimal processing to obtain. All parts of the plant

contain the alkaloid anabasine (Watt .and Breyer-Brandwyk, 1962)

that is an isomer of nicotine but,::has only about one....fif~h "the

potency of the lat'ter. Baboons show no ill eff¢cts or aJ,1Ysigns

nssociated wi th nicotine toxiQity d:om eating thi~ plaitt in
\\

fairly large quanti ties (ie" ,> ,~5 plants in 15 minutes ....\:\see

Chapter 9). II
\\

if
il
1/ :',\!_ -,'

~ stramonium toxicity is known in humans (Watt imd :Breyer->'

BrandVTyk,1962). stems and leaves are less toxic'than seeds and

contain the alkaloid hyoscyamine. :aabool1.scommonly<)ate a section

of this plant. After uprooting it, t_hey uspally took one bite

from the root stem junction. .;rgemgne QchtQleuca h,!s sharp spiny

leaves that protect it from most gr~zers; hpwever, the baboons

dug arOund this plant. and uprqote~. it by pulling on the spinel~ss
::;::

roots ' ':'. sd o\\f'f and ,the moist. n-i.th" ""'~"';<"::::;~;. The leaves were then str3.ppe ':, ;,. ",' > -'
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pith contain,s" ~n alH;fl;loid berp~ri:r~.~ that,,;_; is usep.
~aten. .' . f .) .'.
" 11y by hl,lmans fqr skin Ai$eas~s" kt1f ~.+s.o:.9asct···. lflarcotic

medlC1na , • . .. '. .....:. 0 (0 t
andapurgative (watt and Breye.r-Brand ....;yk, 19'6,2) c. Xn the absence

, obviouS nutrition~l value o:f .the i?Vasive plants. (Tables
or any •. -: ,. '<\ (> . '

'F.
'2 and 7.3), it sp.em~, llkel6" that they Vl~e sought.- after for
. 0

their high mois,tute cop.tent.
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Thermoregulation of baboons
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the Lower Kui"seb troop
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INfRODUCTION

fiaprimate,other than human beings, ha~ colonize¢!. So wide a

rangeof J:'l<~bitats as .the baboon. Baboon habItats include

tropical forest, savanna and arid desert environments. :Most

studies examining adaptations to such divE!t'se habitats have

concentrated011 the habitat e:x:tremes (Kummer, 1968; Whitten,

nlrneandHenz i., 1987) and predominantly the arid and semi'-arid

environments(Hamilton/ 1985 i 5igg and stolha, 1981; Brain, 1990;

lurovskyand Shkolnikt 1982). One ()bviou~ stress to. animals

livingin African arid and sem:i.-arid env~'t'onroents is daytime heat

and a recent central theme of st.udies has been baboon
,,',

thermoregulation (stelzner and :aaus~fatert 1987). While

behaviourialadaptations of baboons to. thermal st:t'ess are

aocumentedunder free-ranging natural conditions (stelzner and

,Rausfater,1987; ste.lzner, 1988" .data on a7tual body tempe.ratu:r:e
! ,

Ichanges are absent for baboons or any other non-human pr i.mat.e

under free-ranging nat.ural cond.i -cions •

Presentunderstanding of baboon tempe:r;ature regulation based on

changes in body temperature is derived eJtclnsively from capt.Lve

animals in laboratory or enclosure studies (Funkhouser, Higgins,

AdamsandSnow, 1967; Hiley, 1976; A.dair, 1977; Mullerl· Kamatland

Maloiy, 1982; Dahl and Smith, 1985). The maas of adult baboons

(15kg - 35kg) inhibits both rapid passive" heat dissi~~tion (as
l!

seen in the ground squirrel of mass 90-l00g [Cha;,fJpsl1 and

~artholom~w, 1981]) and extensive heat g,torage {as seen in the
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bokof mass> lOOkg [Tay-for, 1969]) I and little fl ·.t .. .~e1tS . ..' UD uat ton

a'llv < zoe around .a mean body t..emperature .. .of 3'8'.......).: " .... '..'.,.....(USU . • ...., . . ')' " '. '.' . ." .. '~.' ." J.n C!or,:e
tedy temperature has been recorded for bgbeons in the laborato.ryo._

I) " ""_1

for mammalS lacking known ~.echanisms; f?T- eff~.ctiv~ 'brain _cooliPH
. ~. .. ".

(carotidrete), of which. the baboon i.s one, re~dy access to water

isessential to. replace bOdy water used.,;for evap'Orative cooling

J\u.. l··tC· t:e!"l an..•.d Laburn .,. "1985)' ··t.o··.·· p'. rev.·e·.·n···.t· . . ..n - compromises in

r.')

?, , . lj

~hysiological ft1l1..ct;i.ening and death. (Shibol~, Lancaster
Y' o

DanOll, 1976). Considering that mest mammals'of similar mass

and

and

activit¥=~-tterns living alongs'ide b9-boons ;in arid haljitats have
cd!

effective brain coeling mechanisms {Schmidt-Nielsen, 1975;
,J .. '" .... t .

Zurevsky ana c:MJ.tchell, 1987), tiheMitchell, Laburn, Nyland;

question as to. the changes in bedy ter~per(lture tolerated by -L" . ;Yr~ 'o~ .;'

oaboonsunder natural condi tiens and' their st115sequent responSe l)
to these changes has remained unanswered. .,

'\\ ... .
I have undertaken to. 'Bx~mJ.nel under' natural conda t.Ions, body

temperature Changes for the baboons in the 19wer .l\uiseJ;>, the most

arid habitat yet recerded. fer nOll-human pr~II'Iates. . The ar:~a is
'i.\ ,- \.\,:

characterized by extreme ar ~dity and. scar-ci ty of d~~nk±fg 'water

,sothat the baboons regularly go ~without drinki.ng fol.~periods of
i .. 'f,),,' ',' '!) I.'

I between one and 116 days (Chapter' 2). Her:~~;):present telemetric

and observati::nal data obta:Ln~a. directl.Y' flJ'Om these \free-ranH~;ng

desert baboons.



~~UDYAREA

r1"B study was conducted in the dry river bed of th 'ir
II ~ .' e ,t\Uisel? River

,;aoyon in the central Namib deser1: t Namibia. Details of the area

..and range occupied by the ~abo()ns a,re gblen 'in Chapter .•1 along

withlong term climatic data of the area. Climatic d('lta for this

!Study period (March to July ~992) were recorded at Gobabeb and

are given in Table 8.1.
/

\
\,

I)

METHODS

Bodr :temperaturetelemetry

, .. " \'

To obtain direct measurements of body temperat~::-e, .r surgically

implanted temperature sensitive telemeters (148 - 150 MHz)1.nto

the peritoneal cavities three baboons 'weighing 17...33. 5kg,

oetweenApril and July 1992.

van Urk, Physics Department,
i.) ,.

The telemeters W~o/'1na9.eJoy Mr G
,,-:...-;/ o

. . IJ . • •
)?of.ch-efstroom Un~versl.tYI

Potchefstroom, South Af:r;ica. The telemeters ..w'eighed c 20g when

encapsulated. with neoprene and .inert wax for implantatior:L and

Were free-floating in the peritoneal cavity. (. Telemeters had a

transmission range of around SOmwhen in1planted. I used a

portable, mUltichannel receiver (Yaesu FT-290R II) I hand held

directional antenna and head:-phones for fiel", work.

?WO adult male baboons (27kg and 33.5kg) and one five and a "half

yearold male (17kg} were immobilized .at f'Ufferent timQiSq.uring
.' ; -' .'\:~~

tne above mentioned period ~sing .Ja blOWPiP't·and Telinjelct. darts
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[I

.1). "_"

";:

. ket~mine at an estimated dos.s o·.··fij .containwg Ill. Omg/kg: 'T'arget"
ti i' .

. als were followed for a period of up to ····e..·.;ibh.t. d"'" . .'anlm' , . ."".. . .' ..1P·..' . ays unt~l an
c., iGaaldarting L''Pportunity presented itself. l~his was when. the

~n5uspecting animal was sornew~at separate:d/lol the rest of tbe
troOP,facing away fro~ t~~ 'ilnltl0bilizer and ila~. area free of

verticalcIi.fEs from whiqh~'t~hepartlY immobilIzed animal .cou ld
.: : -.'. !J

o fall. }lnimals were then da~ted fl;"o~ a dista.4Fe °0£, around s~x

2tre' amoncefully ~pbiQized, removea r~1t.he~oop aner··

Oeingcovered with a tarpaulill• Surgery ..Wi~~ .I~qnducted()in the

field(Fig,,: $.1) end gall animals' weJ.r~ l!'~!;urn~~d.to th~ troop
within H u0~rs of daxting. ..... ... ".\~.

'I ._ \1.
,) \h.. 0

, \\) ....

. '!I
Aventral midLtne approach just caudal to the ~Iilicu~\ was used,

i" .; \ \

and prepared fol,':'surgery\-Jn the standard mahUE?::t.~i l~n.a~~r(:)Ximate'
" ", - I,_) 'J?, _ ," '-''' " > _ ,\\ '_ _ _ _ .

Scmcutane,??s incision was made follOre't\,bJr h1tlnl idissection to

, therectus sheath. which was incised. a¢'. was, the pJkitonatim. Tn~l' V

'I u'

0\; ;::- ~- ;':. I! \-
telemeter, prevaous Iy st~rillzed for ~\ 24 houra. 1~nHibicol, wq.s

rinsed with steri1;Fl saJ,:i..ne $olut:.ion~ and insJbt.ed into the.)
.··<~1 ..' '.... I:
.\ /' ,... . u .. ';' I'..

peritoneal cavity. ,The "'fectus" sheath ;~'las suturl~d W~ th s~mp~e
o ' Ii -

L~terrupted monofilarri~ntous 2lfJ nylon. '\:\Subcuta~~OJ\ls 2/0 nylon

!." sutureswere used if 's'~in cinphs~tiQl~was '~~()t:.gtS'od' and cutan,eous
;-/; -\~,.: :;'./(! ",. 0 _.,\\-:._ - .;:-\_ ._. :'_'" _ '~;_" __."._~_" :_._ _ _. ,\.'

~ I"\'\on, Were closed ,,'t.:, sinrple i~terrup,~ed, invefted~ut.ures
~ with 2/0Vicryl suture 11;laterial. ;t.1.onitor~ng and care during

R . ,~

.'::::Y~::t:::::e::t::r~\:n;Ca~~:e:::;i:~~:::t~;:~ec::0::
" G, Vere treated with antibioti\\;:S {compribpen· ... Milbi?;rrow} ft:llowin,g c

. '\

() i)

fully recdyered when tiiet;,surgery. Animals were mOIlit'¢v--eduntil

behaved normally and appeared\'::~~althY.
.'

\
".\
\\
I';

surgical &n:~isions heale~

110,",'
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\\

, j:

qUl~cklYat).d cleanly with 11 tth sca:~'ring, find /telem;et,;n:'s were not'

':1 f the animals. !Che ha ..,b...ic1.:.ue.b,.,tiol'l.,'''.0.. f the °troo-rt. toreiiloved .rom _ . ~. .1:"

'" Pi
t,- ........-"'"';~-tt'~\'..
{" ".

f~; r ,

h bv G• .M1!.uneYl." ." ... ' .... ditiol1B {phOt:ograp.. .l . •figllre 8.1, SUrgical. impl.antlltion ot ral~i<>..tel.emeter under ~,2.eld con ,f . .•.. ,,"
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d temperature was transl\iuceCl ~y these telemete·r«' {: .' 'l~BOy. . Ii. '~'. ·c) .'. i' '". s a~ a cl~,ck
.. '_ _ " .,::_ _ : _', : ~__ \~ . :,__ '" __. I::'~ -.-:}!', .'_:,- _ _ -.: .... :;._ _.J ~\ _';

ftequen~Y· Each telemeter ~tas indi,;riauallY calibrated in a wa~!,er

bath against a digital the~~ome~er :resolv1ngcVt~ie~%han O.1QC,_

AccuraCYand repeatatHlity 4~rth~>teiemeters Was b~tter thitm(Lll,:

C. Toobtain a body ternpeJ~tUJ;e mea$ur~ment from ~ ,,bab();~fit~il~h
;i,. ..', " .' ,'-' it _ u ' ,i1:

animplanted telemeter,. I. Itt-fmed 30 clithlts w:Lnn a stoP\lrat~h slo
. . . ." .; I' i, . ~"\ '.' ..' II

that r~peg.tability of the ~~surente'nt' \!hdica.~ed an" ilccu,rad\y
I-:....

~'.tt·'r·than O. 1.,t1'C. The i.'b,a1::loon~S" accepta Jot ,.. 'f' . 1'1' .' " I
J,)!; ~ I , , . • ... , . n ....e a me a·· oWE~dme,t.P

, .Ii , ., .:{_;,

obtain body temperature ,\ref~d~ttfJ$a!: O:tty'time tbr0J;lghOu,t.11\he dayk
.,. : .. : ". "'\J ..... .,.. ,. . .. T·,'

but the inaccessibili ty ~?f'the ;1bab6~l).~1f sle~J;~ingcliffs t;~)me anl~
...JI' It. HI:.

the danger of scaling ~~fpiJ~ffs.ito wit.ll:!n l:ang~ o~' ~!e '~RcilioonJ~
. II. ;~:'. ..... , .., ... " c , .... ,. .., Ie.. .;j

at night prevented ~r' ,rcom reaord~ng nigtlt t~~~~"":pody

temperatures e- i/ Thus all !ttett?,eratures were re,c:orded')fro~ ,~J.nima:Ii!s

under direct '::>hservati<:)~L 'felemet~r bat0.ery life wa$ aJ;'~und'6

weeks, and an readin,l 0 t'lf"" .d;'ring the' five <!,ayeprior to

battery failure were dil\carded... , .
\I.. '" '. ,
II.. ' ,

Behaviourial therrnore4ttion ...G " . .... • ...• •

The behaviourof the babdtip,s was recorde& !it all t:unes dur~n~ the
\, ' "I", .. ,~)

periods Yl'hen bodv tem~~erature$ wE~r~ being recorded.. ,. Any",
',L I, I,

behaviour possibly ass()~fiated with body temperature regulation,
h d

Was noted and thereafte~! body temperatur..e cbanges vere measure •.

'it short intervals (< .~5 m'ins) for at' least two bours': This
6 ~

procedure 'Wasused aSrbOdY tEtmperature changes a;nd behaviour

would be out of ph~isel because I while ':behg.viour is oft~n
,I

, ;/
Instantaneous! body t~~perature changes are" gradual.

\!
i!

I{

(/'.

1.12

17

\1.
, I
c.,'

'.J



iRESULTS '. \,
I ". \
l£DdY tempetatures of the b:,rboO\rS with, implap.ted ~\elerneters were

Iren:ark:ablY labile over the i\r:ecc~ding,.~pe'\iod~.~Early lTI~r!lil.gbody
\~,'"".}~,~~t." '.','! i

temperatures of the three b~RP,(;~1S leaying their Sl~eping ,cliffs'"
. .: .' '.' .' •... •..• /:,\ ..... ~ .•.......... !.. ". .... '....... ... .' -u
'iereJ6.7 t O.Bce (rl=19 day:sJ~r.36'~7± O,.. S"C '('i1.=tl.daysJ and. 36.8

± o.2:e (n=11 days) resPi:ep~h;eUY. . The ea.r1y morn;t:;ng body
" . 'I

temperatures of the baboonts ~;~avi.ng their sleeping c:liffe were
;)

their lowest recorded temIiI~~ratures for eac:h"day ~ Thereafter,
".""',".

QeRen~~!lgon whethor the" }:1a.1:Joons drank t,?at day o~ not., there

::~~retwo distinct patterns" of daily, temp~r~1:1.1re£i!tucl:uations in
. 1.\ -_ ,.

-"'!

thebaboons with th'$ implanted' telemeters. The g'reatest, change
"";,- -~ :~/

\'

in temperature occurred on" days when the baboons did not'" drink;"

with a maximum tempera tttre variation in one baboon of 5:,~0C (36. B

"42.1) being recorded.
,;:

The great.est snqrt term change in
"1'\

temperaturewas usually ass(Jy,iated with ~~~~rapifi, tro?p movements
.. '"

towater or intense activity ddring aggl:8J~si6n and/dominance '.
\\ i

displays.

08HOO 14HOP 20HOOr~------~----~~~~~~~-----+--~~~~~--1-~------~I
15.0 ± 4.B 29.5 ± 4.9 23.5 ± 4.5

4- .2. ..;;,..25. 7 32.,7

Mean dry bu Ib
temperature (0 c ±
SD)and range Q c

17.6 ± 12\:4 31..;2 ± Hi.7'

1 - 47 a - 64
Meanrelative
humidity (% ± SD)
and range %

48.4 ± 29.4

1 ... :tDO

15.8 ± 2.69.8 ± ~.2
___~~~~4-~O~1-~1~7~.~6~b~1~~ ••~O~~2~2.~6~'~~~----~l

6.1 '. 5.";1 6.8

table . . . .... , . b . tud. PE!riod (March - JlflY 1911'2), 'I

3.1. <:hlnatic data measured at <;obabeb weathar (,tatJ.on durl.ng t e s. :y ". . "
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II, j
flO' #

nrinking periods 0 II
., 'i 'i' U

Figtlres 8.2, 8.3 c and 8. 4 Show hody {:te'tnperatUrlJ

days. "

,'/

changes for the three baboons with teletneters on each of two

reduced by drinking Whi:h occurred ?l;'oUl'ld,the mid-day period

Bodytemperature decreased more {j-tadual1y in". the evening (cas the

bdOOOhS rested prior to ascend~rl,g their !:lIZ,aping" cliff. AlthO~gh

periods of changing' activit'it ami temperatur~ cha.nge,s would

initially, be out of pliase" drops in temperat.ure" ~sneciall.Y in
.11 ~.

late afternoon, clearly corresppndeili to perio~$ of inactivity. ,

By drinking around the m~dday periO<~1 the three -baboons reduced'>:

their respective body tempE~rature,s by 1.6 ± O.QQC(n:::!,5)I 2.2 ±

O.4·C(n=4) and 1.2 ± O.S<>C (n:::;6). For all three baboons these
.,

temperature ch~nges occurred vd thin 64 :!:: 42, mtnute~\ (x ,± SD;
" -

ranqe :: 25-180 minutes).

Detail$ of the babcons i daytime. 'body temperatures that were

recorded on days Jlhen water was available a.re shown in Table a. 2.

Body temperature data
I;) .n

indicated the importance of the
""~'

ctiTailability of drinking water and the timing of drinking to

these baboons wj~h regards to temperature regulatioxl.. The rapid
j:

rise in temperature just prior to dri.nking was associJited With,

the rapid movements to reach ,yater (Figs. 8.2 - 8. 4)~ Often as

far as 3 kIll:from water T the baboons Wo?ld start running and

jockeying for positions in the process ton- Thii~ behaviour was

espeCially true for low-:ranking babpons ",,ho
!)_ -,

the water first before the restliof the troop
o

attempted to get t(;?
I
)1 _._,

a<rr1~verl~whenstrict
! Jj!i /'

</ ,I
/1
I~



tank-ordered drinkin.g occurred and qnly ~one

coulddrink (BI'aint 1992; Chapter 9).

Figure 6.t. aabooll 1

I
I
t Figure 8.3. !I>.bqoCl 2

I
!
f

r
[

t

Figure 8.4. Baboon 3
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0 30D

37
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7
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41
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~. 392,..,
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0 3£1.0
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=
~ ~ r- __P~,R_I_N_K_ITN_.G_' ,~n_A_Y~S -.~~~~~
Baboon Minimum Maximum Daily"

daily TO daily 'to fluctuation,"
\) "

x 36.9
SJ) 0.9
n 12
x 30.S

SD o. 4
n 4

3 x j 36.9
SD 0.2
n 6

40.1
1.3

,;12 '

39~8
0.5
5

x 36.9
SD 0.1

'~"~~•• 8(!

0.3

rille 8.2. J>etail. 0% dayt;ime hol'1y tlla.pel:lttur8s rec:ord<!!d ()l:nl,llYIJ 'IiI'h~11,~t6r l<ias d~.
" ff .

Be.})OOll Minimum
daily TO

Highest " Lowest
maximUDl minimum
',J!G T~

MaJt:lJnumdaily TI> .,Daily "fluc:tuation
\',

1 x 36.7 41.1, 4.3 "
SD. 0.7 1.2 l.n
n 4 6 6" ,Ii~~--;-----~--~--~----~~~----~-----r~r~--~~c~'--~~~I,

i!. i'i'

2 36 3 7 < ~~(}.1x .4 40.1. "
SD I 0 •4 0 •,2 I '40• 4
n 3 3 ocr'" \;)r~~~--~--~~-------+~----~--~~;ri--~--~~~--~jl

3_9.: 2 ..2-. -5' ;-~ ~o._ Q,
I 0.6 0.6
5 5

3 x 36.6SD 0.1
n 5

x 36.6
SD 0.2

42.7 36.3
..,'

36'.2

36.5
'"

40.1 3.,5 .::,
1.0 0.9

40.9
'1.5" "
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j}

on non-drinking days J the patt!,e:rm of ,;,temperattd:e c~anges in the

telemetered l1aboons was much simpler than on ,drinking 0 days.

Figures8. 5, 8.6 and 8. 7 show temperatur~ chang'ef;hfor-""the baboons

each for two entire days. T~~peratures gener~llY peaked ill=che

afternoon with no major temperature drops Pt'iOr to that tln:te.

Thedetails Ot body temp~ratuX"es,l):recorded for the; three baboons
.)

on days when water was not available are shown in 'Table (3.3.

.'{-...

, c
Temperature drops that occur-red late in the afternoon coincided

I.:

Idth periods of complete ip.activity thar\t cbaracterise non-"
,,r

drinking days when the 'troop\res:ted on the sand ,in character~stic;\ ' ,',' - ',\

postures (Figs. 8.8 and 8.9)\ Temperaturl~"rise in the morning

was quite often dramatic ,;f1.iiig:\ 8.6), and coincided with intense
\

morning activity on leaving ti\~ sleeping cliff:.
\

unlike days when water was .dli;unki . there were

\L,

Tllereafter

no dramatic

decreases in body temperature w;i.th ;the highest bod~) teml?eratures
, .

occurring between 17HOOand rsaoo., )' 11\ ~

There were no significant differences in the variables recorded

in Tables R. 2 "and 8. 3 between, noh-drinking and ,Arx.nking days ,(t

- tests, p > 0.3 for all).
" '- .

The"diff~ireIices' in baboon body
c

temperature changes for non-drinkin'~ and dzinking days lay

therefOre entirely in the pat1;'\erns

throughout the day (Figures 8.2 -

Significance between the

.s,

of body temperature changes

8. 7). HOWE?:ver, the lack pi
and 8.3 is

POss1bly

val;iables !(in Tables '8.2

of 'the '~\~IP,all,.sample size anda consequence

interpretations cou[d ,change if more data becomes available
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on-drinking perioils '-"::'~~'
',I)'

,1.):':. "

nnon-drinking days, the pa tt.~rn of tempelPature change.s in t.he
r 'J
Itelemetered baboons was much simpler· than on drinking days.
i o
iFigurese.5, 8.6 and 8.7 show tempefaturF!.chlmges for the baboons';

teachfor two entire days.': !I:emperatures generally" peaked in the
\' ,i

'ufternoon with no major temperattlre d:r;ops prior, tp th~/t tilfl;,'

Thedetails of body temperatu;res recorded, for :t;;he three baboons

on days when water was not; available are filhown'in ~i'able 8.3 •
.',

Temperature drops that Qc~Urred late in tf:/;e: afterlioon 0coincided
,'.( ," :, -,

with periods. Of complebe inadt:Lvity tMi~t characterise nlC.L'l'"

drinking days when the troo-prested on the S'J~rndin characterist:t.c, II -: ," ,
postures (Figs. 8.8 and ~3.9) • Temperat'll:t'e,_rise in the morning

\
wasquite often dramatic; (Fig~ 8'~6) and coincided witu intense

.~,-

morning activity on lea.ving the "$leePJ~g;, ':'c~'iff.: Thereafter
~~:i \\ '

unlike days when water was drunk', th(.!i±'ellwere' no dramatic

decreases in body temper!ature Wit~ the highf~tlt 'bQa:1'tem~eratures

occurring between 17HOO) and :1,;:f.iSOO.
,I'i 'L',~:~,,!"~L~'~/

There were no significaln.t differences, in the variables recorded

in Tables 8.2 and 8.3 between non-dril1killg and dr~n)dng days (t

- tests: p > 0.3 1%01:- all r.
, il

The differences in baboon body

temperature changes for non-dl."inking and drinking days lay"

therefore entirely in the patterns

throughout the day (Figures a. 2 -

of :body temperature changes
,"- ' /f

8i7). How-ever, th? lacJ1
f

of

Significance "between the variables in Tables ,8.2' and B.3 is

POSSibly a consequence small sample size and

interp t . ' "d.ata b'eo,,'orne,s available.re a.t:l.Onscould change if more '
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figure 8.0

FIgures 8.8 and 8.9. ~be open postures a,dqpted :by'tbe baboon!! in the late aftl'!X'noons tbat <:oincided ~ritb

d.c".ases in body temperatures.
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1 sandlw-tbing behavioUl;

Thel(uiseh baboons are the only bab60ns kl'lO~:n to exhi:bit sand

bathing behaviour. Chara'~teristica.lly l:>ab,oonsscrape away

surfa;ce1 sand in shad~d areas and through w:rist; flick:i.ng action

b;1;"e su~surface sand in a "pLume" fashism against theirmo ...-:.... '"



.~".

<?

This behaviour interposes bouts of maili1t mOrning arup, less
a

frequently afternoon activ~,ty (~::tain't' ~,~H}Ql1~nd does not ap'}?earo.

be "elated to the ectoparasi1,',te 1nfestatidh ·of t·he·.b t". "'. ". 'to .,.. . . " '.' -.. . ":1 ....' '. Q.l.J1;)ons ' as
II .' :1 c- ..

the pody area ()f tick attacbme)ht (i13, mai~ily head.' and, ears.'.' ..' . '.', , ... ' Ii.. . ,'. . ..' If .','

Chapter3) are not effected by rt~esanli\, dU;t'~ing sandbatrdng (se'e
\)

I Fig,8.10). F~~rtherillore, the ;.:rbV.". iotf.s ..irr:i.taft;io\ 6aus~!d by the

/ ticl~s (eg, scr~1ltching) is not 6lssociated wilr* san\PC!thlng.
" o \\./

J
For the three,! babo~tl.S w~thl! i:mlfY;lante~1 telemeters, sa::bdb~thingi'
'.. ,i ( , .(," c. Ii ", ,> . . II
I occurred stat~ftical:ty no m.~~re',~i:e~entlY on hon ....dridking. days I!

(n=8)than dril[~kih9 days (n~j~)',,(x2 :; lli, P' Q.1). 'Ttie chan~es, in/),
I, '. iii ., ,. 1/ ' ,..,. Ii

bodytempera.tuwe for a sandb1~thinfl n~rron are shown in rig~8.11.li
:, l', " H

Tnall other c<l;ses of O'b$erV~!9$andbi;~t~~ing whe~~ body temperatur~:
j II.· ,I c_· "

c . .,'.... . i ' " /!. . . ,..... .' . "
wasrecorded (~~37J a simi'l~i.:r; ltesult ]fo that 'sJ;lownin Fig. $. 1t'

liasobtained vi~ere bogy temp;~r~ture r~lsewa!$ stagge'red ;Eol1owin~:_'
r , . ·'1

a bout of sii~ndbatl:d.ng• The" dura1fion of body temp:rature
, ji

staggering de]!>ended,upon sUP$equent~ acti v~ ties; if the animals"

remained inacz.t:.ive wi th subsequent, sandba thlng t:eg," Fig 8",11 -
. '-' "~

, (/

non-drinking diay) up to, four hours Of ,low body ternpe:t'at~,re change

wasexperiehcE!kL Any movemeht~" however feg, Fig. S.11-'):lrinking
,- 1\

day 1, caused; rapid rise in pqdy }.;;em}:,:)erature. In ;ll11 cases pf
n .... ". .'. '.' .'. j'

sandbathing r'eco rded here the temperature" of sC(,MQ:'used for
. • 0" .l \

sandbathing WIllS between 19°C ~nd 24°C and waS thus aft/least 15°C .'

below the baboons f body temperature at time of sa~dbathiri9'.
«

c:
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c

·.0

o

telemetrydata shows patterns o'f body, temperature Cha):1gesto be

integ;allY :Linked to drinking wat.er avail~l:hli t.y for 1-,l1e 1<ui$.eb, 0
'-::., .'

baboons.The drop in temperature follo .•.•.wing drinking...·in .all.' ". '.' ..... . ". cases. : .. ...;

here effectively created amido.ay tr9.U.gh· of bOdY?.~tgml?er.ature from

where temperature Cl'9"ain rose and, 'Peaked in ~ssoc-iation wi th .

afternoon aotivities. These data fu:rth~rmore suggest calcu1ated

.~\.

~:) .

ti~ingof movements by these :QaJJoon~.toreach water"c,at a t.ime Qt.,

maximum benei~t in terIll~ i of :body and ambient. temperature •

. ~educing b,>dt tempetature around fu:idda~ ,~:n~day is effectively

divided into two. :g!o11ow~n9'each, low in bbdy temper~tp.re (ie,

early mOl."ning and. fGIllowing drinking) the baboons were able to
~ ~

engage in daily acti~lrities w~ch caused hqdy temperab.lre"to rise
, ". t '\. .."'"'. ." '.'

and the Mtivities cou Ld bE:.."._~#int~Xned"without having to employ

any obvio:hs physiob:>gical cOd'ling measurips sue);} as evapozatdve

,coolingO~operate at elevated bOG(Y tempe:r;p.tures.

The labiHty of tbls body temperatures recorqed fot the thr~e
o

baboons was unexpeot.ed .. rPabdon~ of similar masses in ~al3orat9ries'
.·1 .:

have demonstrated much more o stable .hody temperatures ,:nd~r ;)

manipulated laboratory conditions :,J(sl~e introduetlon and"be+:,ow}.

However, factors such as travel,
a .. . 0

water avai'labllity, water

distrib\,Uon and ther;moregulatory ..hehavlou;r in, the field appear

fundamental to the Kuiseb baboons' bQCI.]'",t~'mp§rature cl,langes. It

is also diffictllt to asertain wheathet the extremcas of body.

temperature recorded ('360C _ 42 .•7°C) represent unusual body

temperature e Levat i.on. or depressipn for the,) species

comparative data for free ranging animals exi~ts.

as no

123



-.'J.

\\

~-"'l' 'e'.'lab.i1ity of temperat.':lre he~e suS.g. ests,·•."act.l.·'v·.e b 'd .
1lI (j '. 0 Y cooiing

ugh e<raporation was n.Q..·.tia ..7eahl.Y. e1np.to'ye~·T.? 1'" . '" ;-thrQ V . ,,' r. H . • '.". ~ .on Y when water was
The absence of.any major decreases l' n ;'t·.· iJt' '. , . ;i empera ure

on days when water was not aya1il~le and the large mea~ daily!?

fluctuations in body temp~rature support this and would ha.if.1'two
..'

importantconsequences for th,? babcene, Fi:rstly, the storage of

heatwhich can be dissip~ted. by nOll;-"evapotcttlve ffiea.ns in tlje late

afternoonand night would •.l;"esult in a saving of :body watl¥'

ot~erwise used fOr eV?lPorative' cooling.
\~"

Considering that these
·0 ..

baL'lonShave beel} recorded to go with6u'!t;.,water for :;>. 90 days, the

recorded heterq;thermy could result in substantial w,ater

conservation. It seems unlik~!ly i:t1at' the decrease in body

te:nperature of the baboons aft~~ dr~~~ing Was simply a physical

consequence of drinking cold ~ri;1te.,~although I have no actual

evidence on this. I would have e)rpected a more varied temperature
~. . ." ._ ,

decrease after drinJting within and, amongst. the indtviduals at;

;
o rr

1";

was',;tespons ibie
II
Ii() II
ij"
!:.
!!
ii
ii

Data on acti vi ty patterns of these baboons indicate ifhemboth to
'I

beless active and to have significan"tly shorter dayiijourneys on
i··, .,. ;. .

non~drink.ing days as'QPpose~ to drinking d'7.-YS(Chapter 3). Body

temperature data complements these activity' data, "t¥here rapid

bOdy temperaturerises on n~n-drinking ~p.re absent. It seems
\\ .11....Y. I·,

pOSSible then that fa~~tors associated with body temperature ~ay

bethe'major determinants' of activity patternsYin these baboons.

BecaUse activity is decreased ""hen J.atar is not ava.ilable, body

drinking sessions, depenJ.~ing' on

temperature of 'water dr\~nl~i if th.e wat'er itself
(.:;-''''1

I

quC1lntity and

'I

"
'i I: for body temperature d.ecreases.
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A perature could be seen as a cq},."st.:t"a.int on 8.oti v:i tv. n>h ....7. .""
t~!1\ -. c ' , " . _;, ,;I. e .maJor

equenceof this apparent Utherfual~constraint" .to"t"h·.···K.'.".....•.c~ns . '.' . '. . .'. .'. e . UJ.·geD

baboons is the tick infestat'ion. that~kil1.~ mOst: iufal);ts "C8rain
J, ., •• < ..' ., V'

andBohrmann, 1992 i Ch?-pters> 2 and .3). ThtlS an unexpected :Pin'

ff of the temperature telemetfy data.is a c.learer u··n"d.::'.'r' ""t······ ..:. •..... '. ,:~\ ~o. .. .' '.' c ." .' . .0:> anu.l:ng .:
c. '":, '",' _, ,'" ' ';~ :::! ':~':"~~' c,

oithe unique relationship ~:tween' pa:r:asit;".:s. ar,td ~Jle~,paboon~i.'and~~··

indeed; the ecology cf
D

the' i<uiseb' ~a.boons. 'TIw~e resu..lts. a1..so
~(

ampbasise t~e importance of obtaining- measurements from animalf:!N,
/I '<'-

under natutal conditions if one is \~()contrib!!!-e meani~gfu,ll¥ to
'7'

anecdphysiological·· study of the animals .. "

':.(.

sandbathiDig behaviour

"o : :;

While sand surface temperatures exposed to sun in ..th$' '+iyerbed

rose rapidly from around
,

21QC'"to c56!1C,,shaded" sand" at a

subsurface depth of two cent.imetres ranged daily by only 3.4"C

aroUlid 23°e (Appleton and Brain, paz-s, comm.). The" baboons
()

showering of themselves with this subsurface sand during brief

periods of inactivity, especia11t durin.g activity;;periods!
II

appears to be a major contributing .factor to the" staggered body

temperature rise reGorded. As mentioned, sandbathing and actval

temperature changes are out of phase but the steady constant rise
c,. (,,,,.

of the temperature in absence of sandbathi~g (Fig. S'{_'11)sugge,sts

this behaviour to be an important fa6~or "to bal:!oon t.empt?t"ature

Changes. However, this remains' a tenous conClusib~ becC!tp,-seof the

smaU sample size. (I
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!hila sandbathing behaviojl?;r has been: r~corded in many mammals

Hyaena.;.. VanLawick-Goodall, 19'7...0; Elephan...·..t. - 8m.;th······.....,.l(.... .'leg, . ".., ..LJ). ers, J.983 j

.),'a'"- penzhorn, 1979) i ts func.t~on has" u..stlally" '".:t~e·e··n ·d'.. .b':Zl!J1I .' . • .1,.1 , a·sera. ad
; ashygienic or for ~ctoparasite co~troL *lhite and Odell (1971)

;.,''\:;_

;'. ). ,

reported Elephant s~als, ~£MirQunY'~;angU:l!~tirQstris) Co initiatihg

sandflipping in response to. periphe:t'al beating white on the

]leach, and ground

weather, probably

straschi, 1978).

squir:t~~ (;}{erus inauris) sandbathe '.'in hot
t c,

as a )lthermor~gul,p.tdcy measl.t;re (Herzi'g ...

However, ~ongst pri~)ate~1 sandbathing

behaviour is unique to the Namib babpons an~ tel.emet.ry r¥sult~

indicate it to be, amongst oth~.p possibilit'iasi Cl,";bf a
\!

thermoregulatory nature.

sandbathing may be a behaviour either learnt or inherited byit' .... . .' c c

baboons in the Lower tr09P q1'l~~r ':'.is that,. adult .male Dg.boons

immigrating to the Lower trqdp,,:trqm .dista~;ti.o<'i~land popp;lations
, - .' ".J,.,_ _l., i) :,:.d \'

~';''

..o (see Chapter 6) have never been seen. to $andbathe. s.

Possibilities for comparison ox these, :resu.). ts 'With those. from

els(lwhere

~ ~
Theobvious importance reported here of factors associated with

,,{ daily living in a natural env~ro~~ent such a~ travel, drink~ng

j andrange use, severelY,.limit compari'son of th:se results wl.th~ ,,~- .
. 1 '. '. .' .
'1 laboratory studies. The temperature thermolab,tl.i ty recorded fOrr

,j the Kuiseb baboons is a striking contrast to temperature of

1captive animals; Hiley (1976) ;ecorded abClominal tempera~;.ur~sof

Ibaboons exposed to environmental temperature Qf 40°C ':I:or 120
)

,finutes to fluctul;lte by less than L7qc~ Similarly; Funkhouser

]
~.

I
l
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v.: e ,

found baboon body ;tempepatures to ,.... .. ....emaln vir'l::'lltt;l.ly

.,."lto.....,ed after exposure to environm~.·lltal temner·.·.·a·t·""b ,.....
~"_ < . l:" Ures· etween

\~., . 0

=-~'===db-=~~.':=!:~and40~C with maximumbody temp~r:ature not' exc~'eding 39°C and

.~~.w.aanrectal temperature under. neutral conditic?s to be 3,8..1

~. !iowev~r, various observ"atism$ on. the beh~'viotir of f "..' . . . "" re~
Ii

ranging baboons elsewhe~e 'In ar5.d habitats
l\,\; ..;._,.... " ,:' H

similarities to that of .th'4,~:::')li$eb baboons.

()

fndicate some

among these is t:~he. driu$ing
. .)1.

KU1n.n,l@I:.t'.!1fi81 :reported hamadry~pbal:fo~:ms1118:ving.,toone

J''':'\.
;' '"

-: , t

behav lour of h"iim~dryas

of the isolated water holes around noor; and them .spe~ding around

tiO hours there during which the baboons drank and rested

Activity was resum,ad .t)ie%efJ.ft~r,. Similarly; chacma
';i/,{;'" c." :" "'-:'''.y:'-

)'" . " ,.;;~' " /.' .,.j

Daboans in the arid Northern Transvaal region of South Africa

drankduring the hor.test time of the day (Stoltz and saaymen,

i970) as did baboons in South West A~:rica (NamibiaJ during a

leveredrought (Hall, 1963). Stel~ner', (1988) and ste~}ner and

Hausfater (1986) found t.hat; pa};!iQcynocephalus in Ambo~~li when
- - ". ... , .... ". ~\

facedwith high ambient temperature did not prefer shaded':;",Qver..~

non-shaded microhabitats but adjusted their behaviour to

opportunistic encounters with shade . Their dat.a indicate that

encounterswith shade are iml~cTtan.t to Amboseli ~aboons I possi.bly

0. for thermoregulatory reasons. The aubhoz's were not able to

establish this as they were not monitoring body temperatures or

. USing appropriate models i:(Chappell and ~artholomew, 1981} for

Th' 'd';d however predict that·.ey·- '\\, 0

~ostural thermoregulation would. b~ more clearly expressed by

baboons . h . s· sueh' as resting.engaging in loW' ac tLvity be' aVl.our

eStimating body temperatu~Js.

()



~lethese ."eSUI ts and 1'r.~d.~cti.~.•.is.••·.. ~rc,4,.'8.s~:on statisl:~l ..
;,ferelY-"from observation·· data'L1frYc results on 1;empeJ;at'lre

" '((e~ tJdicate even br;i..J~·,f;:~:t'estiitg?pe;riQdsto b~ ;iml"lor.tantc;;4n'..:hanJ I ,J" ; I;' ....

thermal balanc~,. Of the Kuiseb baboons.

":;

\~~~lP//
ihe sandbathing activity of the Kuig~b babdons indicate'?'a "fine~,
tuning" of their behaviour eta hrief J),~tiods .of iIiCl,Ctivity.

saqdbathing behaviour of the ':!<uiseb baboons suggests that in
I!

theirdesert environment I relatively la;cge thermal loads are
:i, ...1:\ .. '

imposed on t.he baboons v To est~bl ish tJle exteIt.t of these thermal
__ " , ..

loads, telemetry data wotll~ have ,t.o be combined with "operative

temperatures" obtained from appropri~te models. (Ch~ppell ..and

Bartholomew t 1981). B:ow~verI the data presen~~d' in this ,:chapter

clearly show the importanqfo of including body 'temperature when
if

considering the activitiei~ of ha.boons.,
, .. '~" ' '

\1

(\

(I
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.'.'

RODUCTION

"1M availability of drink~ng watl?,~ d~ffers in!'i:kf~:=rent habitats'." . .~ ,
does the amount of water conta~ned ,1;]: :different food

';'.: ..' (/ .. \) (..y

conspecific African memma'Lsrarely inhabIf an entir'e

spectrum of hab],ta ts ranging :fi:rommoi~~ forest to hyper-arid
~ J)

(smithers, 1983h Amongst non-human l?rim~tes l?ab~qp.s
.1\.

Papin) ~re the not~'lJe exc'~ption, livi119 in habitftlts

ranging from rain forest to d~~sert. Baboons ~epeh<i,eJ:I,~e?}}"iiat'er
might then be expecfed to corl;elate" with arid~ty.qf habitat',and

,;,~~/ '}.

dryness'\'pf diet.

i::_-'

Theimportance to baboons of reao.:z access to. drinking wa'cer is

.•,,' .lllkC'''~U....sized in studies showip_g that most baboons, including th'F
~ 0 ~

semi-desertdwelling hamacrryas baboon, PapiQ harnadryas, dr~nk

freewater daily (Kummerf 1968) or sometimes anG,e every two, days

(Altmann and Altmann, 1970.). Irregulp<r drinkihe,:wa~>reported for
-> i'l Y

haboons( Papio cynocephalus ursinus(~ on t.he>cal?e:~ien,~,,nsula.(Hall t

1962)wheJ;'~ baboons obtai.ned moisture from dew !'a.nt~',"succulent
. .' ' ... \,\~'.~.;.

plant materia.l, but there observati~iis were made in a higlf' ,.
r ,

rainfall area on one day per w~ek for a year. T(]elate no data
,,(\ \\'

e..~lston actual water flux\',tates (Nagy and' Peterson, 1988) for

free~ranging baboons under natural conditions.
o

.'J

Theb"'ab most; ari.d hab....itat. .' cons living in the Kuiseb occupy the .

recorded for any non-human primate. ~hese baboons "de'rr16n.strate
"

apartial 5.ndependence of fdrinki.ng water (Brai.n, 19:fl8; 1990~,1 and
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:~.'..

for: 'the most part;... of th. . .e (;year,~ l'r access to water. ,tile ..' is
(I

res'tr1'cted..·. to s.ources where oP,11 one baboon "".··t··...·.,a· t' ., ...... '. lme can dr ink:

(Brain, 1990). When water is 0 not avaiiLa.ble; the baboons
I'{

, apparentlY fulfil their moisttlre requirements by ingesting high '

i'sture plant food (Brai'n,' 1990}.ro . .

considering the Namib.baboons,. are liv:l.ng .at the t;ltid extreme of

habitats for the species(~ data regarding water flux rates "0£ ()'

theseanimals ·.would be useful,. both fqr assessing th~ beboons'
;;). ,.... ... \\

dependence on environmental.'. water in their habitat andy for

comparing with predicted values (Na9Yr/and peterst>n~ 1988) of? ' ..
species under Similar environmental co~{~iiiions." In'1:his chJ':lpter

Ipresent water flux rates of:'these free-ra:r;lging'~9aboons. r also

analyze their acquisition of preformed water.

o

MATERIAI..S AND METHODS

The materials and met.hods for the t'l;>10 sections of this 'chapteri

• waterflux rates and water acquisition, are described separately

below

~ater flu:lt

',)

r Used tritiated water to measure 'Water flu~ rates of free

ranging baboons in the Ku:..seb River .canyon (chapter 1). However,
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~.' .

~,

becauseit was not possible to irnrq,obilize the same babool1s twice
.:., '":.:Jl .~;.~.-:'. . :- '.' .,:.. ' ... -. .' '.~

withina short per Lod cof "time «,.4 w~ek!dJ ,'to!ohtain a, second body

""':""~~~~c"",,",,~!!£lllid sample for analysis without ;;7rious~lyc'J;'~:;~kitl.gdestruction
'", ...., _" :".,.;:~_""_, "",,, - '}l' - ,',', ..

of the hab itua tion (Me1 ton ;L9a,~; Hqmi],:on anq 13ul!1er, pet's.

coJ1lll1.)/ the usual pr0c~duT<es f:e:t wa[~erf lu~ detettninat.ions CN-agy, '"

I 1983)wer.e modified. Tei tpi~$ 'end,; and to, as~es~ tpe accuracy of

usingfaecal IIrecap t.l1'.teff samples itr tlle :f\ield 'instead.:of blood.

samples following i!sotop~ (tritium) ipjectiQtI., ;t condUcted. a'
laboratory study pr5~or to th~ fi:elcl st);tdy. Tritium activity in

faecal sartrpl~~_Jlad bee:n found to accurate1¥' represent tritium'

activity of pl~sma, in the aar,dwolf l?rQ,t,:lss cristatus (Williams I

o

!)
pars. comm.).

.~u

HovTErverI fqr my',: hahoon Ertudy, .'. a ,laboratory

'r <,

investigation was deemed especia~ly necessal;y ~,s baboon faecal

moisture in the fie~d could he expected' to vary as, the

availability of free water chang~1 (Ch~pter 1) t and factor·s

associated with faecal water reabsorption in, the l,a:-ge intestine
, '.I >:;- ." 'c' ',', -,' ,

andrectum (Zurovosky and Shkolnik; 1982) rnight preY~nt faecal" ."

isotopeacti vi ty bein.g a true rep:re~enta~ion of plasma, acti vi ty •

Allexperiments, ~aboratory and fieldt were' approved by: the

Animal Ethics Committee of the University of WitwaterS1:'9nd,,(no.

91/48/5)and were under corrs tant; veterinary superv Ls Ion.

Laboratory study

Fiv '. . . ha lus urs,.inus)•e adult femal~ chacma baboons (;e,ap+Q~,pynQcep ~-- U

weighing between 14 and 19 kilogram:3 were studied at the Central

Animal SerVice, University of Witw~tersrand Medical ~;,?hooL The
b b Co;.' '/ '1· "·5· mg·/kg··)· ';in 'cI:usha oons vTere immobilized (keltamine; 100 mg m , .
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!j

removed from the cage 1 w<Jigh~dand :2 x 3··ml'b·loo·d~agesl c ....• i.\ samples
liere taken. Each baboon was ~'iljject~d :LV'. (femoral "vein) with

tritiated water (lmci/ml) at a dose of O.29 mCi/~g and "r,etut'ned

totheir cages. Water was withheld ~,rom ~che ~aboons fo1;' the

following two days and dry .l?ellet 'food was offered ad lib.

Betl'leen21 and 2.3 hours lat~r r inunedi,,~tely fol1qwin~-1efecation,

thebaboons wel;e, ag'a.in immobilized. and. w~d9'he&t. "Faecal matter
i' .. . >~: L

wascollected and sealed in glass containers and. 2 x 3mI

'heparinized. 'blood samples were withorawn. 'Time lapse between

defecation and the ta:king of' ):)100(1 sampll=~s wa!::: no lon~er' than

four minut~s. Microhematocri ts '{.;rere q~termined by spi;p.ning

15~l heparinized blood in" a capillafy tube. for< .;3 minlltes at
\!." ," .", _ ,,_ " ' ,,_9, ',', " , " _ ,1J

12500 rpm (centrifuge head. diamet,~.r ::;!?18cm):.-A similar procedure

was repeated on the thir,d day (45 0 ....48 hours after isotope

injection) and thereafte'r the :babogns w~r~ pr,p",j.ded with water
,:.-; \:'0, fj

again. None of the baboons showed? any;~r$,igns of wea"({ness or

distress during the procedure.

Blood and faecal samples we~e distilJ.;'.~d. using qUicH;,-fit

distillation glassvlare. I depo~jit.ed apprqx.ima:tely 3ml b19Q~ and
.(t {,

approximately 3g homogenize(j, fa.eces, ':i.P separate disti,llation
" > I

I\'~ t~

flasks, and fitted. a distilla,tion tube onto each flask and the

sample (blood or faecal) in the fla,sk~'> wel:e frozen "i,p liquid
Ie

The flask and tuoe were'evacuated. to arouhd 68 tOl:'r. 0nitrogen.

lIhile the sample remained frozen.
,',..,

o

I. placed the end of the

distillation tube inI~rool\\ temperature.

liquid nitrogen while ,the flask was exposed

Water immediately .started evaporating. from
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Ii

the sampleand thevfapparatus was le~} .for 12,-16 hOU1~S ~y which

, a dry powder remained j,n the flask. , Xqate once ..'t·h . ..:I.' ,\\tllne ~ ! ,. ' 1 ,aWe4j 'Ras
J[

removed from the tube and transferr1rd into glass vials tl:J,at r

ii~mesealed pending ftl,rther. analYsi~s. ~9r analysis. 'i' ro 1 . f
• ' , ',,_ q c J t· J:l 0

I

eachsample(three replica.t~s of eal!5h) l;V'erepipetted into 10ml

lackard lastagel Scintilla.tion coc~]tail tlsl,ng a.. Gelman SAFE

pipette and lOpl DrummondGOld taltel {Microcaps . The"same pipette
tl ~

vas used for all samples to' eliItti~nate errors 'J d.ue. to slight

variancein volume between l?ipette~!. samples Were counted in a
II

PackardTri-Carb 460(:'; liquid Scint~~lation c~unter until" 2.% 'of
,1(", ~

tounting error was obtained o. A ~~ean c0unt~ pe~,.miIlut~ ICBM)
II '. .' _ __ iJ' _ 0;::" :z-_:~~,:t~~~?I-;;~~-'0i{{_"" _,_, ~-,

'Ialue was determined for the thFf.~[ ~awples ,~ln~"7r l 'i;,~~~ebj
Ii " '! h 0Zj
1/' ",I '" '\'''' _ ( "I ,l.,\. \:1:, Jjr'. /,"': '11/

/

11 :' (-'~//" , - '7/\~--,--",-~ .,
't'

L

analysis.

I!

Three male baboons weighing 17 ,Ii
I
I'

between March and July 1992 fq>r
!

Field. ::$1~udy

water flux determinations.

Baboons were immobilized only encile, so I remain uncertain if the "
il

animaJ.s maintained constant' bodiy mass indicating ster.\dy state
I

conditions during the experimet~t. Fort,un.ately, water: influx

ratea calculated with the st"eadY-SUate equation are relatively
I

closil to actual water inf.J.ux rates in most non-steady-state

situations (Nagy and Costa, 1980). Therefore, the risk of ru-

iin!~.~lbilizing to determine steady-state was !'l.ot taken and for the

call~111ation of the water fluX; rates of the 'Kuisel:;l,.baboons I
,I o

assumed that body wa.ter vOlume~iof the baboons remained const.ant
, I'i

dlll'ing the measurement period.f:

I



o
o'bO'onS wer...·e immobilized usip.g a blow-.· ..~l"Ii.···'rIe....and IT! '. '"
v~ ,.J:' ~ .J.elinJerit .'dart
containing an estimated dose of liOmg/kg ketand..ne (lOOmg/ml).

(\

Baboons were darted only when. the unsuspecting, targ.et animals

weresonll:)w'hat separated from the troop and faCing away from .the

:.J.tnn'obilizer. Further J the baboon. had to he On. flat ground> 200m
I 1".1 "

ifrolil the nearest cliff, as :previously a partially immobilized
.()

animal who had climbed a sheer clIff, was attacked Py'o,ther

baboons, 'resulting in a fataJ,. "fall (Sra.in" u.npul.').data). it tOOk(f
approximately eight days '11' cqntJ.nuoUs fql1qwtng h;;.fqre tile first!
rlarting opportunity pr'esented itself for each >baboon . Upon

immobilization" the baboon was iI,nt'ttediate:J,.ycovered with s:
i" - ,; , __ ~

tarpaulin to enable covert remoV~l .frcJrrr"the tl~~61? "Once removed
~'

the baboon was weighed, and two. 3ml blood .,samJ?l~s and a faecal

sample for i:2>otope backg:r:ouucl."analYf!liswere, taken. ,)At the same
v

time, a temperature 'transmi ttin~l telernet~r was surgically
il ' ,

inserted Int.raper atoneally (see Chapter 8). Baboons" were
~'t;

injected Int.ramuscuj.ar-Iy (! .M.) with 'tritiated wate:r;
,)

(HTO

JmCi/ml)at a dose of O.4mci/kg. Animals were returned to the

troop vri1:hin it hours of darting 'and monitored vfs~allY 'until

fully recovered which occurred in i~al1 casea within bola hours.

Faecal samples wei):~i collected from theSe;' ~)ab6'ons for the

followingten days. Faecal matter was sealecl in a glass jar

Within 30 seconds of hE;!ingcdep.,!sited and sto~~d at ...4"C uhtil

further at'alys is ~

animal Over the

least six sa,mples wet's cq11ected f:~m eacJl
• ., J,

. '. d· and th!~ e:x:act time ofsampling ays

At
ten

::J

defecation was noted"
(f
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I
listil1at.iOn, Pipettt andactiVii c~unting we:ce done in the'

'.anner. as descrlbed/ for the. lab..oJ.i.a.•..tory.· st.ud..'\7..•....
, II If i,.· ..r. e~cept that a
liJ(ture of dry ice and alcohol was 1.1sedfor freezihg samples and

iistil1ation~ Standards were j~r:epa:ted.' .from" the" original

injecHon solution ana counts of duplicate standards diff'ered by

(2.5%. Ln' CPMva.Lues were. t'egreSs(~d' against time (hours)" for

the 1() days and activity at..·eqlhltbJ;'atio1'f detetmined by back
'i

extrapolation of the :-egression line ·to time ;izero •. 'HTOspace Was

calculated through th~ equati'bn'~

HTO space _. vst x
/1

QS1: .•' (k Vinj. a.:nI. '. "
.{, _ It: _.

x VjLn.l.st .• "(Y~havl Simon and

Ne1{O,l' 1989)

wher~axe apace is tri~i~tibd water space (m];)! Vst is volume
# ... /

(ml) of standard $oluttion, Cst'is the sp~p:i:~ficactivity· of
Iii ;) .•... " .

tritium in standard'~olutioni Co is cthe spec.ific activity

of tritium in bodyl water a.t '~~p;alibrati'fbnr Vinj .an and
Ii . k. . /;'..... .

Vinj . st are vOlumEf/S (rnl) of trl tJ.um (~ntection into the

.co

Ii

animal and standa:tii ao.Lut.Lons.. " iII

Waterf lux rate was determined by tile e<!'latif'

I
Wat~lr fluje (ml/h) = ETO space x r . ..... .'

Where K is the slope determined from tJfe ,decreaSlng of

In(t;(i] in faeces as a function of timr (:if±g. 9,,1) and

T~. ::: 0.693 \'rhere TIl.'. is, the biOlogic/~l half-life t.irne of
l Ir.

II
I)
jJ
II

II
,Ii

Ii
i;1

K (.\

the tritium.

:)
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!cquisition of .water

ft~formedwater

~odetermine the amount of preform1d water consumed by the
'f:

baboonsat various times throughout !}the :Year, I conducted on;

"minutefocal observations on feedin~f baboons. l? recorded type

offood being eaten and ingestion rate of the food. Ingestion

rates/minute of continuous feeding on. various parts of different

[~lantswere d6't.-ermined through observations of hand/mouth actions
;'[
il

of randomly selec1~ed adult baboons. observed at < Sm. 1: am

confident that roybbservation meth~4 uSl:~din determ/ining howmuch
: r

thebaboons were eating WaS :i:air1y aC!~~urate as' the be,fries or
, .... , f'{

fruits that were picked and· ea'tar! could be cJj~arlY seen and

counted as they were put; into the mouth an" the/WhOle fruit was

usually eaten. Representcitive samples. of the ViriOnS foods we·reH .. H
" Ii'

collected from t.he plants at the times that} the baboons wer~

feeding on them. Fresh plant samples were y~eighed immediatly

upon Collection and their moistllre compositiO~ determined through
{I

theweight loss following drying for four (flays in an oven at
I'

SO'C,From theSE! data, estima,tes of :prefo:r;irnedwatet ingestion

per minute were made. These data are combil1)~dwith the, Chemical

composition and nutritional value of th~ various plants as

described in Chapter 7 where the overall "IJ1p.lueof these plants

loth b b . d' uased Plants ofe a oons in a desert environment J,.S . J,.sc . •

very low moisture content «10%) that at times form a part of ,the

balloo h lants contributesns diet were not Lnc.Iuded here as t ese p. ..

little to the baboons intake of preformed \~ater.
))

137



RESULTS

water flUX
:J

!)

Laboratory study

Changes in body mass, haemat~!,c:r:it and faecal mOisture content

that occurred during the experiments are sh0r'n in Table 9.1;

together with the activity of distilled blood. and faeces' in

counts per minute (CPM). E'or .the baboons, a 5.9 ..t 1.4% (x ±
I' ~) . 'C

SD)decrease in body mass was associated w:ith a 9.o:lf 6.5%
II

decrease in plasma volume. There "was no signi'ficant difference

between activity in CBMof b l.ood and. faecal samples for the 21 -

23hour samples (paired t test, p:> 0.2, P :: 3) or the 45' ... 48
r

hoursamples (paired t test, p > ()" 1, n := 5).

Field stUdy

Atotal of. 23 faecal samples w.i th

:(~j)}
/a mean faecal water content of

74.6 ± 5% Were collected and ,adalyzed, 11, 6 and 6 samples from

the three animals respectively. There was no significant

difference (Mann.'Whitney U test; Z = 0.56; P > O!5d n :::;8)

between the moisture content of faecal samples from the field
anim 1 . . .. .' . •. 1 Isotope activitya s and those of the laboratory anama: s ,

of the water in faecal samples from the field animals was

therefore 11·kely renr"S' \:"ntati.b.'n.of the ,animalsto be an accurate .t' co ..,.

Plasma i~otope acti vi ty .
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. <:

. lines of LncPMvalues agains't tim~ for ea<!h animal, are
~egreSS10n .' . .' .: .' '. . '. .' ". . '. '

On (Fig'. 9.1). Details of body mass Nt., calculateg tota.l
shown 1 C> .

" . ter and water influX ra.tes are shown in 1able
;i1dy wa

·.. rj

y = 9,68B,~5.355x10·)x : r =0.91:36
y = 9. 525 -7.05 x 10"x ; n = 0.975
,y=9.~34."'7.469x1(tx..:r = 0.9£34

- 'i..

L_-.---_...-~:;:_____~-:~{-
100 150 200 .1~50.
time -nours !r

.\:.
50

II ~

II, 1
Ii" II

, , It ' ;,! , g":c!t .1iM .:Z:GP~'eJl$ntsone babPl"n.'b' '" n taeeeil ",).1: t:i!lIe.ISll[eJ.l. lhe dhaPtxlarance of t:titiateli water frpm ... a ...QO <J .. :/. ,

if " [I

f
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501
50!i

55601
52602

51
7

791
782

CPM
==-Blood Faecal
x SD x SD

!30dy

Initial Subsequent
Faecal
Moisture
{%FI O}

761
'742

1
108

17.41
.17.12

S>32l1 104
51S~:I 12

7:1.1
682

20", 50792

""".::-<;_

'::.~l.. ).1. ~a~~:..iilile!l " ..c:orq..~ for e.}'ti.ve baboQn" in lilhou.toey .x~.dlll..nt:; M_ining r.latl.on.hip

li..t",,,,e.,,,- lI,gt:;;l.vi.t;y(trit:!-WIl) of 1I;I.~\llt..tuItQu" blood .nd 1:.... 6..1 "up;!."" obtained £rolD,!:he bllboonll, only

ono £& .. ",.1 .. amp". " ..". 1:>1.,\::,0:1.."'''.3.. for hab<:>OD" 4 .",d S. V.. 1u .. " DI~:r.-k.d",ith ~ wer .. the ;21 - 23

h(lllr ""'l!1pl.." and tho .... ·...ith • "."'. the 45 ~ A..II ,hOIl'" .lUIIpl..... (s•• t.,,,':. £0:1: d",tails o£ ."'l"er,iment.)



MaSs
(kg)

Hematocrit BQdy...'Water
(%.)

27
I 12973

'.'

IL-_x.-

SD
-'--.---2-.:-.---,------.-, ...-3.....;-",,-,...,..........-~I:

4
117. '"

1 82 ,. -tr

r ....
c I

I '~

-- ...... -..,

110
~\\ 25

-

Usin~fthe a.llometric equation of N,agyand Petersqn (198.8) whet~e

mass specHic w'ater flu~ rate is expressed as ml 9 day 1. t the

meanwater flux rate maasuxed for the Kuiseb baboons was o. 67.0ml
II

day 1

WATER ACQUISITION

Plants in Table 9. 3 are arra.nge? in order: of esti~~ted quantity

Of preformed water ingested/minute. :"There was n~, significant
I~ - \::_-_ -s; /'~:;~-::' - •

difference in feeding rate..s (ie, heina tb:~....rn~ou~~J.(cgt.ov.;..ements.,per.~. . _, '\_.u
, '. . .... .....•. ",,,,J ~

11Ilnute) between randomly selected indilfto.ua1:~~}\. t ,:males, n :;.
/1 . ./ . ""~,, ~.,;,

3; adult females _ 3.) .- when feeding' on the (\sl~.;;l)yr.i~..)../~~~rttsp~cies
. 1 n "",',

(AllOVAjF ::: 0.21, P := 0.95)" Diffe:cences in qhlan~rties of food

ingested by individuals durin~: feeding bout;e are therefore''likely
i' '

to be influenced by' sele~";tion of prime :feeding sites "I Le, sites
l,i

" n.'.J



'\

wIth more food and\or better q'q.ality foodsj an:d durations 0:(

, idua1 feeding rti.ples. Figures in Tiib).e 9.3., were baked onind],Vl. . . \.,1 c'/) .

,·terrupted one minute reed.ing <pbuts (ie, no" supplanting.,~w .. . .' .~ . '.
'g. e..t. c) so (~~stim.at.ed..!.)pref~rme.d "'!fl. ater ..ing.esti.on rc\i;,e..,$ are

moVln I . . ., • '.' I' '. '~ . . . . '. a .

1 .e to' the 'maximumthat \t:\,. an .be a\?hiev~d. for .theprobably c. os .'

a'dous plan·ts.v .
\\

i)

i/

~,','

;,
/,

.n

/j

;,
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,

1/ P,_,lant" ..' "% Moistu~e ± s:b Season' '.' Ing~;stl/on ~ates/mi_li~;-' I Estimated" H20 "II
c Used x SD n (prefo:r:med)

-. ingsste¢i/ll1.iri. I

--=I!,L!F±""" c!'!'Cm:lQ=s, " ., ~. if . r ." ., fO
- ripe figs ·i. '0 87 :t:·3. 7 Oct.-Feb .. 9 figs 4 "-~, 33 '--55 ml, -

_--.;..;g:::,_r_e.e__n.....;..",f_i,.::9:;:..S..._.__...._-¥-~..........7_._a-:;;;;±_-_3_·,_4_' __ -+_O_c_t_-_F_e~b_.........+-9 __ f_i.::;:9_S....._~4 ..,...._3.3~ -I- .3_I_.. _m__l __ ~"'_'''''''''''-1li {~"
, . ' ~\ .....

NJ..cc,t.1.anaglauca ,"\ year
. .., pith .0.. :-"~,I ~J:i'"9und 1 pitp. 1~2 33 ml, .....,~..~.~.~------~~~"-.-.....---..-+------~-------~.~.~~~---~~--~------~----------~~-------,----.-.------...._~I
Argemone pith 1 ~it:h" "1-2 a:gpro:x 22 .ml,
ochroleuca 'r !/ ....

49 berries
",

14 ml

Salvadora.-' .12ersicat
- r~pe berries

- Jan-Apr f 27

C

'.

1:~

28
12 -~\

':._-: 37
.'

A.cacia shoots
" " , "

"Acacia, eriol?ba
- green seed'

",

'Dec'~Fe:b

,C
IDet.;!-Jun '

3 pods 0 ...3
(± 1.0' seeds /pod) 7 ml

69 6 ml

"

't'Rhl.. 9.3.
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DISCUSSION ...,~

water flux in

peterSoni 1988).

animals can be e'2tremely variable (Nagy and
'.'

In any species.~ chq,nges in water oontent t...f

. food, increased need for evaporative wa1:~r loss ~t times of heat

streSS, degree of act5.vit ..y and drinki:ri$1 fr~qu.ency all cdnt.ribute

to the complexity of wa.ter flJXlt rat~s. My 'study was conducteq

during a period when free W8. t.er, although restricted to one

excavation,was drunk daily by the baboons and it is lil~elYthat
Ii

the recorded water ,flUX rate 9f l1QJ± 25 m.1kq;t. dar would be

within the higher' range of va.lues cha.racteristic for these
"

.' '......;/
individuals and the speca.es as a whole under natural conditions.

Other factors of importance here when considering wc:...terflux Were

increased daily movement and activity asuocf.at.ed with

,,.In.~).ng (Bra in , 1990; Chapte:r 3) and. the subsequent decrease in

body tempe",:atllre (Chapter 8) pre'sumablY t.h:cough evaporative wk.tter

loss exhibited only "'.-Thenfree ttlater was ava.~;t.able.
((

The only other study of water flux of non-humanoprimates under

natural conditions is that of the Howler monkey (AIQua.tta

nalliata) where a vlater flux rate of 1J,8 ml kgl. qaYJ. was recorded.

(Nagyand Milton, 1919). Zurovsky and. ~hkoln~lk (1982_) r:ported

a \qater flux rate of 140 ml k~\:t. dayl for captive hamadryas
u 'J

baboons (Pa.pio hamadryaS!o). If these' values are corrected for

bOdy mass using the allometrid equation of Nagy and Peterson

(1988), tbe free-ranging howler monkey had a water flux rat.e of
Ht>.tl!i·

0,583ml gl1.,lIt day;!. and the captive hama.dryas baboon O.701 ml g

144



'1 . 'l'he Kuiseb baboons, water ...·flui< ,kat·e.··..··of·...0·· &:......7··.·nday·· • '. : ...• If ·0 ml g"·"'Idatj.
falls between '.:he t'.WQ. It therefore. appears that there was

thing unusuall about, the Ruiseo bl;).boons" water "fl '"no ..' . .. . ux ,. rate.
aDWEll/err one srwuld not drawfcornparis~ns b~tween, captive and wild

animals as th~i~sevaLuea vary widely (Nagy and Peterson, 1988).

if ~ i

COlnparison of datJ~.presented here ,wi~;nthat of other free ranging

non~l11:manprimate:s is tltterefore sev1~rely limited by the virt.ual
.,

absence of ,data from oo~>specific ~~r ot;her species. Nagy g.,nd:
..y-"

Peterson (1988) however have derive~d an equation relating water
.~"-. . ..

flux to mass in a vflt'iety of fl'\ae )liviilsf ,'eutherians. According

to this equation, predicted water c:Elux ;EoI' a 2'5' kg desert a.nimal

: 90ml kgl. day-.1" The factors reli3.ted to free 'W'atEn.~intakta and

mQisture conposi t.Lon of the diet d.uring the study of the Kuis~b

baboonscould easily account for the 17% Lncrease in wat:er llme

recorded f.Ol:' the Kuiseb baboons. However, When compared to. the
predictedvalue and on a t test:~ the value of 110 ± 25 ml, kg-l.

day'1for the Kuiseb baboons was not significantly different from

90ml kgj. dayi (p > 0•5) • Therefore, "in spite of the 91~ar

behaviourioJ. adaptations of the baboens to the arid environment

recorded in the previous chapters of 'this thesis I there appears

to be no evidence of physiological adaptation (ie;"'reduced water

turnover) on thi~t;most crucial uf iphysiologi ..cal func·tions.

The hernatocrit.s elf the laborat0l:"Y and. Kuiseb baboons are given

in Tablas 9.1 and 9.2. The hemotocri ts of the laboratory baboons

at the first s.ampling (21 _ 25 hcurs , Table 9 .1) were

significantly higher than the Kuiseb baboons hematocrits (Mann-
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J'

Whitney U test; Z = 2 ~1, P c O'~:05}. However," the value$ from

bothgroupS are within the 'ra.nge (30 -- 49) of hematocrit value~,

reported for wild chacma bapoons 'in Eotswaria (Melton and Melton
t

"
1981). The mean (:J:; SD) hematocrit of 63 mal~ baboons ,:)~.apio

~ from the Awash Nat.,iop.~l Park, . Ethi011ia' was 36.8 ± 3

(Phillips-Conroy, Jolly and RogerSt 1987), whicl'l.is 'similar to
• -0

the 1(uiseb baboons' mean hematocrit value of ,37'''± 5. It seems

likely that the ,higher hematocrit values, of. the laho,rator, ~",
'Ii. z-

baboons in my study Were tne result of factors associated with

captiVity such as stress and dehydl;ation. ~here appeared to be,

no obviOUS factors affecting the Kiliseb' baboon~ that 'Yare

associated with lc>whematocrj t's in p,rimates: Kuiseb baboons had

few endopas asL tes and no obvious "kUoad parasites (Chapter 4) I

they were not emaciated or suffer.ing '£l:'Onk"'9:(;!ut:e st.a,rvation nor
, '''-':'''''.:'-

~.;:.s\<.:~.<

were any suffering from septic woupds.
f}

The acquisition,of p:J.""eformed wat.er appears essential ;for survival

of baboons in the Namib"considering''C;.he scarcity and distribut;.ion

of free wa.ter. ;:While plants .of reasonab;ly high. V!atet', content (>

70%)were available to the baboons ( lllo,istqre content of plant~"

~lerenot the onlt factor determining tgeir corisnmptioo,. While

alien invasive plants (Nicoi:iaI1a glauca! Argernone. >:QchrQle,uca)

have a year round high supply of moisture (Table 9.3) i th.ey are
(,.\

of lmowu toxicity ta livestock and hinnans alike (Watt and 13reyer~

Brahdwyk, 1962).
""-:;,1

other reason (ag. electrolytes,,';' nuttitional' va.l\l~l"is di$cu:?}~~d
\1." C,

in Chd.pter 7.
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The seasonality of fruit productio~ by the Plant¥l forming the

major part of the baboons, I di~irt is important.

scarcity increases from APti1 o:f' eacKi~year until
o

[lOoo (Chapter 3).

Free water

the ~ollo.wing
Vlhen wa~~r J/was not a'{ailablti', $~lv;a.dQra

I ~ . .

~ herries and Ficus ~CQID~;tus fig:$,. formea'the ffiajot"part "
. ." . 'i)- " '; I,

oHMbaboons' diet (13raiU1 198e,;~ 1990l, and 'sUPPly w,as<'a.bundant
. , . N '.l

(Brain,1988). 'AcCord?~ng,to T(iX?jhe9.2, on l::l'9'erage/ even when the
(\';//", '. .;:"~~~?

haboonswere drinking" regular-1~u they tUl:'neq"ove:t;: 2860" ml/day.
Accordingto Table

ml/mi(1ute of water

9.31 by. eafling figs the ,baho;ns can get
,,' "0 II '

when the figs are :ripe. I'G,
u

wou.ld then be",

possible for the baboons t~, get th{,d~' ful days wat~l! in 52

minutes of continuous fig fee;lding. ,"Because t:p.ebaboOrls\',ao not
-:- {l

feed uininte:rruptedly fpr 52.,mi11ut.eS iat a, time, it would tak.e them
',!I .i: '

longer than 52 mindte.s to 9Ic~~i;t'elth.~'dr daily WCl1::e;C, ..but :i:n ..~.tt
:, Ii.. '. -. :IC,' .: ," '" ' '0' //,'

approximatefour hours of :fee~il:lfNa(~a.Yf' )i~t~~~sclike'1y that they

i 11m easily able tq acqt1;""""" l,rh,et,l~,"fu~l,',",'<I,,", " ~~,1;ar: 'hs." '~,ar~
I especially important because \~hf~l.r maan fruJ.tl.ng tlrne cOJ.t1c'1.desI \' .: '" t. '

i with the per Iods of" maxdmum Jaiet' shortage (ChaA?ter
H J, Figu:r.e

I .. II " .. -oil
I ' .. \1 I! " "-'

I 7.2)and the baboons were rec~brded" to spend 116 days without c

I
I~
;\\

I
':Water ~ating mainly fi~S.," '\

"~

\1

()
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Chapter 'le~
~I,

water conserv'a;tion by.. baboons in
~~'\ ...
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IliTRODUCT I ON
i.·::

Adaptive responses to minim~rsewater loss in animals incltld~ the

storage of heat (adaptive heterothermy) r efficient reab90rptiQn,
':. /

ofwater from faecal materia.l in the rectum, production of highly

concentrated ur Ine , low mei::al:lolic :rate; escape} t,Q favourable

micro-environments and specializp,d i~tegument$ adCf pel~ges (LOu\q
/! ",'

andseely, 1982). Animp.ls adapteq to desert envi~!onmentsusually
I,:

sholl' advanced development' in ,dna" or more of /tpese spheres.
.. ~ . . .. .

IIspeciaP' in terms of the differences in their p:ll,ysiological

functioningcompared to conapec i.f Lc or simila,r sp'eci~s from other

environments.Whil~ }?l:'ofoundphysiological dif:cerenCeS do exist

insome desert animals, many show 'no qualitatii!fe differerlces to"

species from other environments. '!C,p. this regard, behaviourial

auaptt\Uons form an important adjunct to ph;ysj;-oJ,ogical ones for

dl;sllrt animals .(Seely~ 19,89).

Physiologicaland behaviourial changes witl1in a species could be

expected to be found at the habitat ~lttreme$ inhabited by the
f} .,

species (Louw and Seely, 1982). TO what extent U~uch changes
<,

JIlight be considered Hdlffax-ent"; ul~linately depends on
~.~... ,(~ 0

inter,pretation of the word "different";' but ,if a population 'has
Q ",

aphy~dologicaladaptation "iitho~t which it could not; $l11:'(1've ,in

its hc\bitathut which is not evident in conspecAJics or similar
{";

sPecl.' e··.'S· In ,. Ld 'be "COl1S idered different.other, habi t.at.s 1 it cou u~

I~}

149

t'F .,



Studies

\~

\1

Ci.f
\\

captive ha_madryas baboons hamadryas)'(\

rigl' natinril from the desert area of the h '\)o ~\\ ' nrn t of Afripa and
southern Ar~bia provided some 'i~v:i:denceof baboon adaptation. to

!' I .

a desert );'environment. l,?:iJhliings cO!;lcerning body vlat_l;U'
'-,y () ~;;'"..;:::!j

conservati.on and body fluid distribution appear most important

(ZU!O',fsky, Shkolnik and ,Qvadiaj' ,,1984; Zurovsky and shkqlnik,

19P1).. Moststriking is the ability ofl this baboon to maintain

its pla.smavolume even at. 10 per cent dehydration. This .abili ty

complements the baboon's capacity to conserV'e water. at times' of

water shortage as seen by its .t'ella.l performance in terms of

inc!E}ased urine conoent.ratsaon, reduced sweating rates arrd

decreased faecal water lQSs.•

The aim of this chapter is to exarn.ine aspects of body "water' .

conservat.Ior; by the 1{uiseb baboons in an. attempt to assess

whether there is anything Hdifferentll or special about their

conservation of water. The measur-ed water flux rate fot' these
Q

desert baboons of 110 rol kgl. dayl. (chapter 9) filII,S::within the

range one would expect for baboons and is ne9.r1y identical.,to

water flux rate of baboons elsewhere" in southern Africa

(Buffenstein, unpub data). However, because of the difficulties

aSSociated with
,.free water in

;j
their desert

enVironment (Chapter 9) and the prolonged periods~ the.se baboons

spend Without drinking I I would expect. them to" conserve body

water.
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·STunx AREA' AND" METHOtlS
:'f

~hestudy was conducted in the dry r:iv.er bed of the Kuiseb River

canyon in the cen1::.rq~,Namib desert, Namibia. Details of the

area, the baboons and the range .occup:ted by the baboons are given

in Chapter L,

"Theaspects of wate; conservation examined here are renal (~idney

anatomy and urine conc(~ntrating ability) l faecal water

conservationand modified behaviourial activli.ty.

"!lenal

(:
I divided the study or renal water conaarvatdon into twoparts:

L The examination of kidrley anatomy with determinations of

relatiVe medullary thickness
c,

(1.~'.[') , absolutel:t1edullary
i c

thickness and body mass specif.~·.b metabolic rate for the
f. .' .~, I:.

simtlarpredictin9' of maximal ~Urill~) concentration (trmax},

parameters were obtained from ,a baboon popu Lat.Lon in the

northern Transvaal, South Afrio,a for comparison with the

Kuiseb baboons.

2. Determinat:i.ons of changes. in u~ine osmolality for the

KUiseb baboons obtained:' from ft'ee flow "urine. \ t . ," '" .
of 11.':. >- water deprivation.

sa~ples at

This wasvarious stages
~

augmented by s i.mu.Ltianeous u~ine/plasma samples obtained from

immobilizedor dead baboons ..
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r Kidney anatomy and dimensions

(f'.d \..~

c:

t:?

C..

in the Kuiseb I baboon kidney. a, were oot.·a ined from ·t.'hr. .·d·· ·'1'• .,. .. .'. e aut male

baboonS immediately after their death7~' in dominance fights (s~~:;(

chapter 6), The mass of the b.aboons
o
a.nd th'~ 'n'd"" . d' ;1;.. l.vJ., uaj Jtidn~ys

( '_"

The 'length s . width and depth of ,each kidney ''wasiYas'determined\
'\

llleasuredwith a'pair
\,:,

.:. .. :

of callipers to the neare~t O.05mm. Kidney

, size was calculated as the cube root, of the product, of these

dimensions(SperherJo 1944J. '-1'hekidrt~ys were ~fldial1Y bisected

and the w:i.dtho·f the cortex and medulla measured. at ten intervals
, , ' ,. '_ , ' " ,""':"""" _.> J/~':

alr.'1g t:r,,~ perJ.Pllr;,;,¥ and the mea1i,!, 'determined. The relative.' . '4' '.. '.
medullary thickness was determined using the :formula!.'

medulla thidkriess (mml.1o
kidney" size nun (Sperber, 1944)

E'or comparison with the Kuiseb baboons', the' kidneys of 1.4 baboons

(PaDio cynocephalus ursir,'!,1s) (11 adult females and':"3adult males)

from the northern Transvaal, South ;;Africa wer$ examined 'in the

identical manner as for the Kuiseb baboons. These baboons ~ormed

part of the stock of the Central Animal Service cf.E the Medical

School of the University af Witwatersrand anq. h,a.d' been in

captivity for at least. six months <before measurements were made

on their kidneys.

AnANCOVA (covariate::: body mass) w~s U5~d to compare RMTof the
'~<:,

bab . "... rhis Y'lrocedure was. oons kid:teys from the two locat~ons. ];I

necessary because of 'the marked sexual dimorphism of baboons and
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the fact that enly a~~~t male kici.11~¥~:ere collected .from the

KU1'sebpoplllatlon. .Iro· compare adult rna. ·le 1 .
Co.' t~dneys from hoth

Populations(n = 3 for both) the Mann-Whitnev u, .....est
_ .l.. was used.

Forpredicting maximal urine concen.tr,ations (Umax) produced by

the babOOnsI kidneys from the two lo!=ations I the fallowing

formula was used:

[ L x :.::.... ] - 1

(Greenvlald, 1989) [<'

whereL = absolute medullo.ry thickness (mm) and Mb = body

mass (kg).

This formula, taking absolute medullary thickness and mass

specificmetabolic rate ,into conside:tation, is consi.derably

betterat predicting Umax.than measured values of EMT (Gr(=enwald,

1989) •

Collection and analysis o£ urine s.riDlples

UrinewascoLl.acbed from six ndult- Kuiseb baboons (four males and

two females) on three occasions, each: (}hen the baboon$~:"were

drinkingdaily, after two days without water and after 12 days

without water. I followed the baboons as they climbed a tree and

Iwaited below with a clear plastic sheet to collect their urine f

Becausethe baboons moved around '~inthe tree t I continually had

tochangeposition below them. 0 I waS usually able to obtain only

small quantities (a few dropS) ~f urine. F6r all the samples

analyzed, urine \~ell straight onto the sheet without, touching any
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t>

branches or leaves. Any samples possibly can,t-aminated by cOming

into contact wi.th any object were discarded. Urine on the sheet>

was transferred to a c(~pillary 'tUb~t sealed and stored at -4"C.
. l) '. .'

for later analysis. The Plas-:ic sh~~,~. "la.S cleaned w-ith dfstiIleq/'

waterand dried before being uS~d(5,::/lin e '; . Urine ofsmolality was

measured by myself using a Wescor ~500 vapour"pressure osmortt~ter.

osmolality of each sample was measured 1.[1 triplicat:El and mean

values determined. Further ana.iysis was prElcluded by the small

samplescollected.

Simultaneous p Lasraa and urine samples Were Qb.ta:'ixxed from the

three adult males killed in 'dominance fights and the asmolalties
. ,

determined; Plasma s;c\!Ir..pl!~Swere also obtained :for .the three

immobilized baboons (see Cha.ptet"s 8 and 9) 'iand their respective

osmolaUties determined ..

Faecal wate.r conservation

..~
Three baboonswere targetec.l for fa.ecal collection at the onset

of a non-drin)dng pe r'Lod, The baboons were followed for five

days thO ft d"h'" s{hle faecal '.samples were. erea ..er an I W erl~ pos........ ,

Collected and sealed in glass jars. samples wera also collected

fromthe three baboons after 1"2:,days without water. only samples
I'

that could be obtained withid'\ 30 seconds of defecat,ion were
. i .

Collected for further analysis of 'Sflmples weJ;@s,tored at _4
0

C for

later moisture content, determinations.. water contenFf was.. ,~
.. \,>"",:",:'

determined through mass losS ff.;~:lc)\q:i.ng dt'Yin~i ..\E;f\:Fth~hOmogi.:;~'l~e(~

faecal matter at 80"'C for four \~aY5' I' .,J .' 1.:)
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ACtlvitymodi:fications dUX'in~f,qi:llteX'-t:r~op e~~counters
c

Interact ions between water

Kuiseb baboons are a~~regsed

'\'\. ,. .. ((
aVal.lability and activi;t::y of the

"
in Chapters 3 and 1. Here! produce

evidence for f\\: further il'lt~ractioll between wCl,,~e.t'"and actlvity~,

Amongst baboons, .Jnter-troop encounters are assoctated with
)\

increased activity of $ome kind'; the most cOrfUi'lon"of which is .:the"
"

chasing or herding of femaJ,e~' by adult males/,of the aama troop
-:!

(Cheney and seyfarth~ 1977). Cha~~ng behaviour and ~ncreased
(!

activity increase body temperature" (Chapter 8) .and pro~ably
~/

result in loss of body waterj/through ~weating. (ii'I.~ the~~ are
.) 1\ \\ ,-' !/

factors in effect which are ipclined to' decr~asefactivity tkongst
. 1

I'

baboons, they might influence the inter ....troop encouz,(.ters l:)y
'II i'

decreasing the usual escalated activity and possibly fcesult in
/I'

body water conservation,,!! o
Jt
11
/1
If
(I

I observed 16 inter-troop encourrcexs between the L011r ttoop and

neighbouring Middle troop (Chapter 1; Hamilton, tl Buskirk and
If
/(

Buskirk, 1975) over three years. All encounters +:be tween

the months of October and .I>anuary when free 'Vlaterjwas available
,I
ll. •

only at the upriver limits of the LoWer troops'· .range an an area

which overlapped with the Middle troops' range (Chapter 1). I

Wil,S therefore able to as.sess the periods of water deprivat.ion (in

days) that the Lo'tlrer t,roop had experienced' prior to inter-troop
(") .,

encounters. 1 related this period of water qepri v~tion to the

sequence of events during intertrQop encounters to as~i~ss whether
()

water availability might affec.t. activity during the encounters.
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troop baboons.

RESULTS

Kidney anatomy and dimensions

\,::

For all kidneys analyzed megullary thickness was significantly
/'

positively correlated. with body mass (~2 :::,"9".7; F = 59.~1; P <.

0,001; d.f. = 15).
•~< ,'"

Kui~H~bbaboons kj.dn~ys had a significantly
.,

larger lXMTthan kidneys from the Tfansvaal baboons (ANCOVA:
,--,'- :;'

covariate :; body mass; F ::; 11. tt P < 0.005,,; residual d.:e '" :: J) 59·
. t\

Table 10'.1 compares renal param,eters of' the ad.ul~' male bg}:50Gn',

kidneys from b(.)th
Q ',' ". , ",'locations and' the predicted trmax of the

1· ' 0

kidneys. Kuiseb baboons appear capable af prciducing c~mside:rably

more concentrat~ed urine than the Trnnsvaal baboons.
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,.
'.}

Renal parameter

calctilated mIT 1 0.6 6,,1 ± 0.6 <:0.03

0.27 S.? ± 0.2 <:0.01

Umax from RMT

!t HtO
1 mq~m/kg ± 3180 ••6 ± <0.03

304

7,1b1e10.1. Body liIass and relll11 l'a~!iht's " habco(;~~ tllo xu,l. •• h aJ),d~ran.\1a'&l. ~J!~ USe. ,of ltH'l' * :I.
101'calcuMing ll'IDax. (Grl!.~'!d, "19$9) i,$ (lxplaine41~in tile i;fl1l:t. C&lcl.11ated tlJt'l! .. (Ii ~ ){,I..Ji4. Op" Rl.fl'

;'. '-,' ." .' ' .

Ilti~l!Usubtracted hecaus. Qf 116111111:~'Ild l'OUlsdb'tt (19'1;1) foi.~IHng that JIM'r' ha.od 011kidney iIle"~l, cX(:6eded

The similarity between the measured RMTand the .calqulq,te~ RMT~l
"indicated that the calculated value ,wa$'a valid estimate of RMT

if RMThad not been measurecf: One RMT value was subtracted from

the calculated parameter he~au~e He)ller and poulson (1972), found
'.:: '."

that RM'f determined by w'eight exceeded anatornicc;!.,11y determined

~MTby 1.0 un it.

,:""

i'r' "

o
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urine and. plasma Q.slliolali ty

TobIe 10,2 shows the changes in u.rine casmoial;ttiesl" f··o.r." .. , each of
the six baboons during a continuQus non'::'drinking:>period of 12

dayS. Fox' a11 the;> baboons, the ','.diffe· r.·.··e··nc ."'~"" between each

successive roeas'~red~1~rine osmolality was ~i9'nificant (Donferroni

t test; P < Q .obi) . 'i!t~"

.•.. 0 2 12
".

1!-_B_O~__ -+...,....,;; 7.,,;..1__.8:_ ....,..J:;.""";;ir-_1_1_2_2__ .__ -t-.-"'_'.'......::1.::.5.:.6.::.8~..,.._--II
II-_S,:"P -t- 68-.2__ ~--.__... . ,,).. 1151 11505.".......'.._.---------,.+---=:..:..::..::..-----11

Du 812! 1129 j"" 1999
~j----II

1f--_G_t -41 ::__ 1,_2_4......__ ....;....j,;...-.,~_1_1 ....~_3;._. .: __ r-.,._....:1:...4:..;:5:.,:1::.....-;.....---11.,
Gy 737 1023 1496Ir-~------~·----~~~__....--~+-~~\\~~----+---~~~-~--
Ga ?a6 1:109 151",,,

r------.,....._- .__ _,.........,.---
Mean I ': 743 \J!d.l 1601

II...~-s-n--·-----·.-..'I-~""'.~-.. 48 ---+--__......~4-5----'I--..,___---2-0-3----,--It

~aIlle 10.2. Urine oSlIIoll\lii;ies ot, udl16 ('oUeetet\ f!:'QII. !Ii:.: J(uise~ b;,'1J.oolill tOJ: 0; .2 "lid :1.2 d&y" after. tbo

WloODS had been without wA'tor. ,AU, 'Urine lSaIIlpbll m!:'11 0::01".et.-4 ill the "lUI" way.1l1i dell.o::ribe!l iii tbCit text.

Themean osmolality of the pla.sma samples ob'tained was 307 ± 38

masro/kgH 0 (x ± SD; ,range 301-312; n=r/' The urine obtaiped

lram the three dead baboons measured 776, 1224 and 1047 mosro/kg

H0 (1016 ± 225 mosro/kg H 0, ~ 1: SD), giVi~~) urine plasma rat ios

for the three baboons of 2. 5 I 3 • 9 and 3. 4 (:3 • 3 ± I, x ± SD)

respectively. All three baboons died during a period when water
i'l

Was abundant and the baboons were d'rinking daily. i\
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Faecal water cQns,~rvation il

On the first day without ,.water, the tmcee baboons. faecal watGr

aniourrt.ed to 481 ± 42 (n =, 2), 391 ± 45 (n ~ 2) and 38S';± 4 (n :::;

2) g water/l00g dry matter, giving a sample mean ot' 419 ± 54g

water/100g dry matter or a mean percentage value of 81 % water.

After five days the ba.l;l,oonsfaecal water contents were 261t 195

and 201 (n = 1 each) 9' water/l00g dry matter respectively, giving

a sample mean of 219 ± 36 g water/l00g ;dry matter or a mean
pereent9-ge value of 69 % water. A re,gression of faecal water '(g

water/100g dry ma,tter) against days without water for all samples

collecteq, and analyzed over the first :five days without water

~\t:l=19;one value for each baboon each day) yielded a value of r,

= \,\0.77. After 12 days without water the baboOlls faecal water

gIDo\mtedto 2Si, 238 and 235 {n = 1 each) 9 water/100g dry matter\, ..

resp~ctj_vely tl\,~s~~howingthere' to be no appreciable change in
\\

faecal wat.er coi~tetlt for the sa,trlples collected on dc,lYfive and

day 12 'ri t.hout; wa·ter.
"

Activity modifications

Inter-troop en,.~oun.ters amongst babcons are usually associated

with periods of escalated. activity and. aggression (Cheney and

Seyfarth, 1977). In the Kuiseb1 the observed encounters all

occurred between 09ROO and 14HOO and neither troop appeared to

dominate. The two tro()ps generally apprOached to within 20 to

SOm of each other and on 10/16 Of the encounters mingling of

troop members occurred. During one of the 16 encounters there

159



was inter-troop aggression which :ijnvolvedmales and females of

both troops. HoweverI for the Low.:!3rtroop, chasing and intra.-

troop aggression occurred only dUriing 11/16 of the encounters

while for the remaining 5/16 no aggression, chasing or escalated

activity vlas observed. In every encounter there was at least one

incident of chasing in the Middle troop. The:te was no

significant difference between the j.ncidlf,nce of aggression

observed for the Lower and Middle troops'<JG:Cingencounters (chi-

square test with Yates correction I X = 3.18, P > 0.05). Chases

were often spectacular events, espEicially when a female was

chased up a cliff. Males char-act.e+Lat.Lca Ll.y gave loud double

barks while chasing and the concerned female screamed, often

urinating as she ran. Other chases consLat.ed of only a brief 10

meter lurch by a male after a female which also ~ent n:~r off

screaming. For all 16 encounters there was at least one oestrus

female in the Lowertroop, and for the 11 encounters whenchasing

took place in the Lower troop, an oestrus female was inv'olved in

at least one chase. Each female was chased in the 11 encounters

and four adu.Lt;males were responsible fo]: all the chases.

For the 11/16 cases when chasing occurred, the Lower troo!:) had

drunk water 0-2 day s before the. encounter. However, in all five

encounte.rs 'wnenno chasing or escalated activity occurred,!\. the

Lower troop had been without water for 4-9 d~ys, (chi"'square

test; p < 0.001). In four of five encounters where no chasing

occurred, tl.e two troops moved t.owarda their ownranges awayfrom

the overlap zone, and the Lower troop did not gain access to
~"J/

water for at least one day thereafter.
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DISCUSSION

Renal

Relative medullary thickness per se may not be a useful concept

in understanding mammalian urine-concentrating ability and

perhaps even obscures an understanding of the renal

countercurrent multiplier (Greem~;ald't1989). FUrther, Rl'1:'Cis not

the parameter to be used when predic."ting maximumconcentrating

ability of ·the mammaliankidney as it bears no relationship to

the metabolic (ATP coupled) mechanism that underLaes the

production of a highly concentra.ted urine. It is uSleful,

hot-leverI whencomparing kidney anatomywithin or be·tweenspeoies.

tn this regard, and in predicted maximumurine concentrratd.cn,

!(uiseb baboon kidneys were s:i.gnificantl~i( different to those of

baboons from the Transvaal.

The predicted Umaxvalues (Table 10.1) for the KUj.sebwe:t:e much

higher than measured urine oSI\~olality (Table 10.2). H~~everr

without the knowledge of the plasma osmolality at which urine

osmolalities were determined, the true concentrating power ofJ:;he

kidneys cannot be completely ava.Iuat.ed , Wheresimultaneous ur Lne

and plasma osmolalities were measured, the mean urine/plasma

(U/P) ratio of 3.3 ± 0.7 is likely to be lower than the maximum

IT/pratio possible as the urine osmolalit.ies were considera.bly

lower than those recorded on day 12 in Table 10.2.
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If Kuiseb baboon R..1.ITis used' as an index of its concentrating

ability and compared to(?ther an.LmeLs., the. baboons should be able

to produced a O/P ratio of between 8.3 and 8.9 placing them in

a urine conce.ntrating class somewhere between a sprihgbok

(Hofmeyrand LOuw,1977) and ~ white rat (Gordon, 1972). If we

assumea plasma osmolalJty of 321 mosm/kgH20 (the meanvalue for

a water deprived baboon [Zurovsky and Shkolnik, 1982]) for the

baboon producing urine of 1999 mosm/kgH"Oconcentration (Table

10.2) t a U/P ratio of 6.2 would result. The baboons did,

however, go for considerably longer periods than 12 days without

water (116 da}isi Brain, unpub. data) and it is possible that they

might produce urine of a concentration close to the maximum

l,>redicted value (Table 10.1) and then a DIP ratj.o of around 8.9

c,ould be achdeved. However, even a u/P ratio of 6.2 is

, considerably higher than that achieved by man (Gordon, 1972) or

the hamadryas r.~·ooonand this ability could be considered as en

important adaptation of the Kuiseb baboons to their desert

environment.

The origin of the Lncr eased RM'f in the Kuiseb baboons is

speculative but there are various possibilities. Datta in Chapter

6 suggest the Kuiseb baboons are genetically no different from

fUrther inland baboon populations. One hypothesis is then that

Namibian baboons are genetically different from Transvaal

baboons. Another possibility is that the increased RMTis an

adaptation that develops within the life of each baboon. '111.is

idea would mean that the Kuiseb baboons are indeed subject to
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continuous water stress I in spite of the moist food available

(Chapter 7).

Besides the urine concentrating ability of Kuiseb baboon kidneys,

the amount of water required to excrete ingested electrolytes,

notably sodium, via the ,~idneys is likely to be relatively small.

Plant foods con~.tituting the major part of the baboons d;j;ethave

uniformly very low electrolyte concentrations (Chapter 7) and

therefore Ii ttle water would be re,"'1uired for electrolyte

excretion.

Faecal w,ater conservation

The moist faeces (70 to 80 per cent) produced by primates under

normal conditions poten,tially enhances the :possibility for water

conserva.tion through reabsorption 0: vcal water in the rectum.

The 12 per cent decrease Ln faecal water content recorded for the

Kuiseb baboons is similar to that: recorded for .other mediumto
if

large des'ert mammals(Wilson, 1989).
'~.

However, the relatively
.

high initial faecal water content for the baboons resulted in no

recor-ded faeces being less than 50 percent water. While faecal

vtater ....eabsorption no doubt adds to the baboons overall body

\lrater conservat.aon., other mammalsliving alongside the Kuiseb

baboonsproduce faec\es under normal conditions wi'l:hwa,ter content

lower than the lowel~t figure recorded for the baboons (touw and

SeelyI 1982i Hensc~~!eL-\1986) I and therefore compared to other

animals, faecal waber loss probably remains a major avenue of

bodywater loss. It is however not cl~ar if l(uiseb baboons were

more efficient at wateI 1:"eabu:.~'t!;~":d.onfrom faecal, matter than
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i"baboons elsewhere as no comparative results exist for baboons

under free-ranging conditions.

Activity modific(.\tions

Althoughperiods of' 4 d~9 days ~!'1ithoutwater are vlell within the

capacity of the baboons of the Dowertroop (Brain, 1988; 1990),
the absence of chasing and escalated activity by any individuals

of the Lower troop during inter-troop encounters appears related

to water deprivation. Water deprivation was found to be

associated with shorte.r distances of daily 'travel (Chapter 3) and.

shorter feeding bouts (Chapter 7) for Lowertroop baboons and the

decreased a.ggressive behavioul!' during encounters cou+.Qbe seen

as an extension of a behaviourial response to water shortage.

The observation that T.lowertroop baboons did not gain access to

water G-fter an encounter maybe important here. Body temperature

telemetry data (Chapter 8) indicate baboon core body temperat"ure

to be rising in the morning so that by 09HOO it is around.,38"C

and rising. Telemetry also shows that dramatic decreases in body

temperature were associated with drinking whetl evaporative

cooling is presumably employed and the amount of weI.terUSEd for

evaporative :::ooling is easily replenishE;!dby drink.ing. Anyform

of escalated activity may cause core body bemperature to rise by

as much as 2.3" C in an hour (Chapter 8). Escalated ilactivi tYI

which is usually associated with. inter--tro~)p encourrcers ...would

probably subst.ant.La.Ll.y elevate the baboons" body temperaturer;'
-, /

Passive body cooling dt.;lringthe midday period. is unlikely and one

wouldexpect the baboons to cool themselves through sweating. By
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avoiding incr.eased aggression during i:p.ter~troop encounters T the
;J

baboons are likely to conserve body water. The effect of

increased activity on elevating body temperature is also likely

to be compoundedby the ext.ension of the period of water

deprivation.

Thefinding of decreased activity during encourrtez s being closelY

linked to periods of water deprivation leads me to suggest. tha.t
.':'

the baboons aVoided elevated body temperatures at that time Q,f

day, possibly for reasons of body water consetvation as access

to water after the encounter was not certain. Such an

interaction would require that the body fluid system is

integrated in someway with the thermoregulatory control system

of these animals.
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Chapter Eleven

General Conclusion~

D
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In this dissertatibh the eoo+phys.LoLoqyof chacmababoonsI Papio

cynocephalus ursinus I living in the Kuiseb River canyon Of 'the

central Namibdesert, Namibia Was studied. This research has

yielded important newinformat:ion regarding babo,oneco-physiology

and has idEmtified certain phjTsiologicaJ. procedures that can be

successfully conducted ,~nder field conditions on free-ranging
.,\

baboons.

Thedemographic structure of a prirna.te population can vary widely

under the influence of a number of environmental and socia.l

variables that directly affect life history processes, such as

birth and death rates (Dunbar, 1988). I have found that for the

Kuiseb baboons em unusual, po.ssibly unique, interaction of

variables has,produced such high mortality amonq the infants that

it is not certain if this baboon troop is self-sustaining. The

ectoparasite infestations killing most infants were indicative

q
III
\

of unusual environmental conditions. Most Lrnpor t.ant; was, the

occurrence and duration of the short annual floods and the

distribution of water after the fi..../ods which in turn affected

baboonmovements. Baboopmovement;patterns app'eared to increase

their susceptihili ty to tick infestation and tick infestation

resulted j.n the death of most infants: a cause and effect

relationship not previously 'n~corded for any non-humanprimates.

Thesocial effects of thl.Jhigh infant mortality appeared to have

affected other age/sex groups as well: some high-ranking adult

female baboons r1asorted to fatal infant kidnapping and adult

males fought harder to maintain a high, rank with reproductive
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opportunities. Overall the study was conducted during a period

whenthe baboons' lifestyle was of a destructive nature.

Xhedata re.garding the ectoparasite infestations of the baboons

and its associated pathology are the first of their kind. Tick

infestation of infants I « 6 months old) muzzles and the

subsequent .acutre inflammation of their muzzles inhihiting the

infi;l.ots from suckling llsually caused the death of thE7infants

through starvation and dehydration. New born infants were

observed to suckle and maintain health lJP to the point that they

were not able to suckle and died soo~ afterwffrds. The infants
1_,

with inflamed muzzles to which many tict.ks were at.tached, showed

signs of pain whenthe mothers teat touched their mouths and were

not observed to suckle once their muzzles became infl'amed. It

therefore seems unlikely that infants died from poor quality or

lack qf milk product.aon by the mother but rather. from a cessation
/,

of. suckling. In this way, ticks wer.~a major regulating factor

within this baboon troop. Ticks infested predominately the ears

of all adult and juvenile baboons, resulting in chron.iCl

inflammation with associated scaI;'ring and deformation of the

ears. Themaasive ectope'.1:'asite infestations of the Kuilbebbaboons

were surprisi~g considering the grooming behaviour c! 1:h(a

species. However, the near absence of obeervat.Lons of the

grooming off Of ticks by the Klliseb baboons suggested that

grooming behaviour amongst these baboons was not, for hygienic

purposes. The aridity of the babooqs' habitat also appeared to

be responsible for the unusual ~ndoparasite assemblage cf these
, ...-

baboons, :Protozoans dominat.ed the paras i te assemblages of baboon
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scats ar;,:,";:11ythree nematode apacLas wer!?,found in sC'.·~tsamples
\i ;-/.1 ,

} .

of the baboons», i.c
c
;;.

ii
"

\\.

Despite the aridity of the habitat, the baboons appeared to be
able to satisfy 'the::'r water.- requirements at all times of this

study. There was also nothing unusual about the baboonsI water:

fLux rates at the t,ime at vthich ! maasured them, although

conspecific comparisons were not available' ':Eor animals under

free:-ranging 90ndit.lons. T4$ baboons had ready access to plant
\'

food of high ~at.e!;'··content and were able tel live. Without any
\\
\:- ~:)

apparent detrim~'Pt;t,,,,lphySical effect for more than 90 continuous

days without, dri~kil1g. An interest.ing finding regarding the

foods of the baboona was that plant foods had uniformly low

elect,rolyte concent.tations. III the desert-.habitat occupied by
\ "

the baboons, an in\porta.nt consequence of low el,.@qtrol;yte
\ \. (~-';::

concentrations ingest~)d. by' thl!:='baboons is that redU...::.-·)dli!,\ater
1'(

would be required for B:heir renal exc:tetiDn.

In terms of water eonaervat.Ion , the k.:Ldneyanatomyand calculated
Ii

urine concentrating ability of the Kuisehl bfibocmkidneys 't'1'ere

Significantly difflerent frdfit"the kidneys of baboons priginating

from the nOrthern Transvaal, South Africa. The larger RMTand

associated maximal urine concentration of the Kuiseb baboonsI

ktuneys indicated a .physiological adaptation to the environment.

Thebaboons' ability to reduce their faecal water cont,~l~t (c.a.

12%) at times when free water wa,'3not available also indic;ated

them to 'J;Jeadapted to live in ar, arid envaronment..
'i
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Other significant findings i 40 accrue from this research w~re

those relating to baboon thermo.regulatiQn. The patterns. of daily

body temperature fhlctuaticn related directly to water

availabili ty and drinking. Evaporative cooling appeared to be

employedwith effect- only when water was drunk. Within an hour

following drj.nking~ the baboons f body temperatures u~ually

dropped by around 2"C. Drinking· was timed to occur around the

mick.lYperiod, thus lowering their boq.y temperatures after the

mornings activities and causing relatively low body temperatures

(37 - 3&~C)pr.ior to the initiation of afternoon A~tivities.J;
(fif

:,\
There were no dramatic decreases in body temper~t\J.re during the

days when no water was available. Baboort;,daytime body
i' '~

tempera·tures fluctuated by as much as 5.30 C When)! water was not,
/

drunk. In the even.Lnqs, baboons' body tempera;t.i1res (often over

40"C) decreased gradually, presumably though passive heat

dissipation as the baboons rested below._.their sleeping cliffl~.

Somebaboons also showered themselves v1ith cool subsurf'ace sand

that staggered the rise in their body temperiatures, espec.i.ally

during mid-morning periods. tche recorded body temperature

fluctuations of the b~iboonsindicated a thermolability sugge$tiveI: ; ~

of an adaptive heterothermy. An adaptive he+erotihermyhas not;

been consi.dexed for baboons or any other primate before, but all

previous res;ults are based on studies of capti.ve or co.nfined

animals. Thi:::reco:t;dedheterothermy further indi(.!ates the baboons

to be adapt.ed to live in an arid environment.
(i
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My study showed the importance of combining behavioural

observations, ,with physiological data when studying the natural

history of free-ranging animals. For this st,udy of' the Kuiseb

baboons, the important connect.ion between tick infestations I

emphasised that i.n any future natural history studies c.\fmedium

water use and body temperature of the baboons ",ould not have been

obvious without the result::> obtained from surgically implanted

radio-telemeters and the use of labelled '!Ilater~ These procedures

were carried out in the Kuiseb River under the most basic of

fi~ld conditions and with minimal backup_ This study therefore

or large mammals in the Namib desert I which are conspicuous

through their virtual absence', advanced technology 'and per-aona.L.,

skill should be incorporated to elevate them to tfi'e status of

eco-physiological studies. Likewise, in future non-humanprima't.e

studies under natural conditions, physiological data are,

essential adjuncts to behavioural observations if/one is to go
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environment., but answer questi.ons of "a more profound nat.una,
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