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SE.o\SO~lAL DISTRIBUTIONS AND I NTERACTIONS OF CATl'lE 

AND HILD UNGULATES I N MAASAllAND, TAlIW 1IA 

by 

ravid Dean Peterson 

(ABSTRACT) 

In Tanzania , both ilildlife and livestock are recognized as 

r esources of economic potential. w'here they overlap , land use 

conflicts have arisen . This study ~~s ~~ertaken to determine 

aspects ar~ areas of c ompetition bet~een cattle ar~ wild ungulates 

in P.aasailand, east of Tarangir e Pa rk . Subsistence pl.storallsm was 

the IT.a:in form of land use and ... as the object of livestock develop-

ment effor ts . The area also ",-as the wet season disper sal area for 

Tarangire ungulates and har bored a s1l'.aller number of r esident 

-,d.ldlife . 

Comparison of habi tats of similar potential but different 

rranage:ent hiStory indicated. that much of t he cattle area ~s in 

subopti.tr.al. conditi on . This was attributable par tly to the restricted 

distribution of cattle due to tsetse ini'estation . llaasai novement 

patterns were discussed in relation to factors ... ~ch contributed to 

habitat deterioration . It ..... -as concluded that changes in t r aditior.a.l 

attitudes t~~rds livestock husbar~J wer e necessary for full 

rea1i~tion of ~"~ us e objectives . 

-- " ", ' . 



Based on dry season counts at water sources it ... as postulated 

that cattle , because of greater number s and a restricted distribu-

tion due to their ~~ers' directive influence , greater di sease 

susceptibility and water constraints , outcompeted wild grazer s 

during this time of resource scarcity . Wet season ungulate 

distribu.tions were determined by counts along dri',en transects . 

I t .... as concluded that '.dldebeest and zebra , in particular . competed 

i~~rectly with cattle for food through their use of the cattle 

belt where forage ""3.S limited in the dr; season . cattle appeared 

to compete directlY '.nth grazing ungulates preferring tall grass 

habitats {kongoni , oryx}, ' .. hile faCilitating use of the herb layer 

by species preferring short grasses (wildebeest , Gr ant I s gazelle) . 
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INTRODUCTION 

! Historical Perspective to ~ and ~ Ungulate Coexistenc~ 

East Africa has recently attained world renown for its unrivaled 

ccncentrations of wildlife and the most nctable of these Pleistocene 

conoentrations are found within Maasailand. In shar}:· contrast to a 

reputation for intertribal combat. the Musai attitude towards wild­

life has been characterized as one of tolerance bordering on benign 

benevolence. Such a dis~~sition is perhaps most poignantly depicted 

in an account by the early explorer Joseph 'lbomson (Miller 1971:107) 

in which he was nearly speared after shooting a zebra (Egu'~s b:.u-chelli) 

in Maasailand. 

In. contrast to the pursuit of agriculture or hunting and 

gathering, a lifestyle of subsistence pastoralis~ is often character­

ized by a minimum of direct conflict with ~~dlife. A look at 

practical considerations from llhich a wildlife ethos Ina.:; have 

evolved could warrant the conclusion that, to be s .... lccessful. pastor-

alism had to utilize the total capability cf the pastoralis7,. 

Activities resulting in a diversion of energies were therefore 

res:tricted, hence the "conservation llIir.dedness II o! the 1Sasal. A 

corollar,y to the foregoing would be that by following such a course, 

there was then no reason to exploit wildlife becaU3e pastor~sm 

supplied all needs. nus supposition is supported by the temporary 

adoption of a hunting and gathering existence b,y many Maas~ when 

the rinderpes7 panzootic decimated. their cattle (~~) herds 

in the latter 19th century (Ford 1971:191) and by the lifestyle of 

1 
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t he i:npoveri~hed l.;aasai 0r I Balang 'a' D,)roOo refe rred to by P"aguire 

(19"-9) . 

Arch'!!ological evid.2Ece of pastoralism in Haasailand traces the 

cC8r.istence of cattle ar~i t;i ld ungulates back to . I OOO B.C. (Jacobs 

1975 :410) . The associat '.'m is more directly lirJ:ed by the hypothesi!.; 

that pastoral peoFles, t~cugh their use ~f fire and the impact of 

their cattle I r.elped t o '::' ::duce and maintain +.he emironrnent necessary 

!"or the l<l!'"g>: populati on.; of nat:'ve graze r s . 3ell (1969) has 

?resented 8"ri dence for t!18 Serengeti r egion, ccrrelatil".g areas of 

::lost inten:::iYe 1.:se by plains game \dt h those having a hlstorr of 

greatest !lurar: :'nf!uence . 

The ;::oi nt i 5 t hat -.. hile on an e volutiol'.ar"J and geologic time 

scale cattle and .. "ild ,U' .. gulate coexistence is short , it i s nonethel2;ss 

c !" 50:;:e 'lntiquity r ela.tiye to recem: char.g!O:s a..!'fecting that associ ation. 

?!'e Sl,: .. ::lab:Y , up :'0 the ac.vent of the EUropea:'1. in t he las:' century . 

:.. ;-.terapeci':ic (:~mpetiticn Has minirizeci c ue to r.atural att l":.tion 

(cattle and hu!r.s.n) and be unhampe :oed mov'Om~:r.t of both cattle and ~;ild 

'dere '.;his 5i Ir.pllfie:i ilisto:-ical backdrop ~altered . a stuciy 

~'!!a!ing :..-:..th ~a::'tle ana 'tf-ld l.L"!gulate cce:<ist.ence and interact.ion 

l'O'UC be l a r g'?l,y acade!7iic . nO' .. eve r, beginni :1g :dth the introducti on 

of \>I~ .ste rn :'Iedicir:e an':' a reduction of internecine tr:'~l '..arfa!'e I 

bet:" hW'lan a.r.d ;io:;testic a .... ulral po::ulati ons have i ncreased and the 

maoill ":-:' 'J:: "oeth dor.:esticated a.r>.ci wild ungulates i".as been drastically 
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curtail~ . Cer.7-ral to the attainrr.ent of Tanzania I 5 aSpirations fo r 

a better life rr.s.teria.liy for all her ::eople arg the expressed goals of 

socialism ('ujamaa r) and sell reliance ()lj"er et'e 1971) . A logical 

outcome of the l atter has bee n the recognit:'on of beth the 'falue of 

.d.ldlife as a resource of economic potential and the ne~d for li'fest.,ck 

developnent in the traditional sector . \·:her e llve£u:ck a!'l.c. ... 1.1c!life 

overlap, as in the range 9.reas of ;·!,aasaila:1.Ci , questions a1'.d c"nflicts 

have surfaced pertaining to t he r olative importance th;::.t each should 

play in present and future land de\'elopment strategies . 

3ackgrOU!lQ ~ the study 

The status of wildlife in Tanzania i s part.~. c.eter:l'.ined by the 

creation of Nati onal Parks set a~ide for ~,'ild1ife :r:reser:ation anC 

the accompa-~ng development of touri 5~ in the~e ~rks as tr.e ~ain 

form of Economic la."'l.d :lse . IAle to socio- poli ~ical <;.11d ecor.c:nic con­

straints, the N~tional Parks a r e o!'ter. !'.ot ecologic2.1l;:.' via't-le U .. l'l.:..tS . 

Rather they con'stitute the c!...j' season concentZ"ation ~reas 3.r cl;..."'.::i 

perr.!a,.!1ent ;"Jater. ",.nt h wi-1dlife anr.~ally ~s!X=, s:.n& fro:n t tese arcE!.: . 

Exemplif"Jing this pattern' i s the 5easo!"'...a.l e :r":"gr2..ti~'n of '.!!:g'.:l ... te 

species frem. ~ara.r.gire Nahor.al Par h: into t he ad,joini!}J Slr:anjirQ 

area of ~~s3.ilanci . 
, 

In Si:rar,jiro , li'..-es tock develo:;:,.;:ent i ::1 oo;.ng er:~ouraie-c:!. by t..~e 

fCIT;'..3.ti on v..f ~l'l"'..a.nent ranci'..i:1g vill;"ges ,.;:ti .::~ are c.. legal2.y 

registered faIn of la..:ld use cccpera ':. :" 'Je in'Johir.g all t!,e l-\aasc.i 

cattle OWl1!2rS in a p.2rticula\" area . Fu...-ther:ncre . "techtlicaJ.. a:u:i 

capital input 'by the Ur .. ited states AJency l or I:lterna"i o:1al D~veloy-
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ment (U.S.A.I.D.) through the Maasai Livestock and Range Development 

Project, is giving rise. to at least the ostensible structure 

necessary for a production oriented livestock econoll\Y. Whil.e at 

present the majority of the Maasai people still ascribe to values 

and a life style of subsistence pastoralism, the !ofaasai Project and 

,the Tanzania Government Livestock tepartment riel; w:i.ldlife as 

potentially conflicting with goals of livestock development. 

Expressed areas of concern include competition for forage and water 

and the problem of interspeCific spread of disease. 

Conversely, the Tarangire Park administration has been concerned 

that livestock development in Y~ail~1d may conflict with the 

seasonal use of the area b,y ~ of the Park's wildlife species. 

An outgrowth of this concern was a preliminary proposal b,y the 

National Parks to create a new land use authority modelled after 

the Ngorongoro Conservation Authority. However, since the infra.-

str~cture for livestock development already existed at that time in 

Simanjiro, the Li'lestock Department took the view that, provided back­

grourii information on game and livestock dual use could be obtained, 

it would be possible to use the existing Range Act regulations to 

encourage the coordinated development of both wildlife and livestock 

resources. 

consequently, the identification of ar~as of distributional 

overlap and an assessment of potential competition was needed to assist 

in rational planning. For these reasons the U.S.A.I.D. financed 

preliminary report (Gordon and O'Rourke 1973) which recommended a 
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land capability survey of Arusha Region, included the suggestion that 

part of this survey should consist of an inventory of wildlife 

distribution in selected livestock areas. 

Objectives, ~ Duration and Rypotheses 

Objectives of the study were: 

(general) 

1) To provide for development planners info~Ation ~ertaining 

to cattle and wild ungulate distributions in the Simanjiro-

Loibor Sirret and encompassing areas of Maasailand adjacent 

to Tarangire National Park. 

(specific) 

a. To document the major concentratiors of cattle 

and their seasonal distribution 

b. To determine the seasonal distributions of 

the major wild ungulates 

c • To define and map the major habitats 

d. To delineate areas subject to infestation 

by tsetse fly (Glossina spp.) 

2} To relate patterns of cattle and wild ungulate distributions 

to each other, to habitats, tsetse infestation and other 

parameters affecting and affected by the observed distri­

butions 

) To define aspects and areas of greatest actual and 

potential cattle-wildlife competition 
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4) To make reco~endations with r eference to the 

coordinated develoFfllent of the livestock and 

~rildliie resources . 

rata on cattle ar.d '>,dld ungulate dis t rib1.:tions and tsetse 

infestation werg collected by the i:westigatcr from January 1975 

through ~~y 1976 . Vegetative sampling ,,'a s co:-:pleted the following 

wet season . Februar/ to Ju."1e, and Ac.g:ust 1977 . In fulfillr..ent of the 

first objective. prelimina:-j reports (Peterson 1975 . 1976a and 1976b) 

and a series of map overlays (1:250 ,000 scale) de picting patterns of 

cattle and I-d.ld ungulate distributons aJ"'.d tsetse il".festaUon h'ere 

subnitted to Regior.al (Arusha) and Oidrict (Kibaya) Livestock 

De::;arue:1ts as ",'eli as fil ed at thE: !tegional :·iater Office in Arusha . 

This repor t deals with the remainir:g oejecti'res , interpreting ar.d 

anal:tzi ng the I:;:aseline data in the perspecthe of interactions bet~een 

cattle and -..-ild lL."1gUl.ates. Given the til".e !·:-...... " ework. the large area, 

the resources allocated arc cC:1sequent r.eihcds empl oyed. the study · .... as 

necessarily on a IT4C rO scale And designed to ~etect gross patterns of 

distributional ov~rlap al'ld habitat prefel'ences . The interspeCific 

con;:etiticn referred to has been called the :,~s~urct:- use type (COWll 

1971:211) in ' .... hich a resource shared by to .... o or more species is in 

shcrt supply and r esults in inhibition of and by the interacting 

species . The foll~~ng hypotheses wer~ made in regere to competition: 

1 ) for cOlr.petition to occur there r:',lst be distributional (habi tat) and 

ecological (niche) overlap between t he co:::tpeting species i .e . I a ccmmon 

r esource , 2) the r esource r.ust be limited at some time r elati'le to the 
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needs of the ccmpeting speci E:s and advers e er.viromr.ental change a s 

reflected Qy damage to that resource constitutes an expression of 

extreme resource LL~tation . J ) competition car. be. expected to be rrDs t 

severe during pericds of res ource scarcity . In the present study , 

competiti on as r eflected by distributional displaceMent should ~ 

most eddent during th€ dry seascn I 4 ) the s i gnificance of wet 

season distributicn in terms of potential competition '...-ould t:\os t 

likely be in r elation to the effect on r esources in critical dry 

season ;u-eas . 

" 



LI'lERA'i'UP.E ~ 

Interspecific Competition 

rarwin in his classic, On the Origin cf Species. stresses the 

importance of interspecific competition to a species' struggle for 

survival and points to benign tropical environments as the most likely 

,areas to t-li tness this truism of nature (Diaxr.ond 1978). It wasn't until 

after C-ause' s well known laboratory a"q)8riments (Oium 1971) that the 

concept kncn.n as competitive exclusion (Hardin 1960) was appreciated 

by' ecologists for its wide-ranging influence on species'distributions 

and niche characteristics. 

Much of the evidence for interspecific competition in nature is 

circumstantial (Odum 1971) with the greatest contribution by' ornith­

ologists (Lack and Southern 1949, Crowell 1962, \-lillis 1966, ',. 

Diamond 1973. Diaxr.ond and Marshall 1977). studies in 

,,,hich competition is inferred on the basis of habitat occupan~ 

include those of Pianka (1969). Cody (1974) and Lane (197.5). watson 

et a1. (1969) inferred competition between cattle and wildebeest 

(Connochaetes ~urinus a1bojubatus) by' comparing their relative 

densities in the Serengeti Nat~ona1 Park and adjacent livestock areas. 

Lamprey (1964) attribded the 10'" density of wI-1d ungulates in 

Haasailand to the lack of permanent "rater sources and competition 

for gra~ing tdth domestic animals. This approach assumes that there 

is a 1L~ted common resource and that consequent competition is a 

mjor detenninant of species'distributions. Wiens (1977) validly 

pointed to the da.nger of interpreting distributional relationships 

8 
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sole~ in terms of competition for resources which fluctuate and are 

often not li1ni ting • The role of interspecific competition in nature 

has been downplayed (Andrewartha and Birch 1954) and negated (F.airston 

at ale 1960, Slobodkin at ale 1967) by assertions that there is seldom 

a shortage of food in relation to animal numbers. However, Sinclair 

(1974, 1975) countered this hypothesis and presented evidence that 

resources are limiting for herbivore trophic levels in at least some 

terrestrial ec~systems. 

studies of ~ Ungulates 

Numerous studies of African ungulates confirm Darwin I s observa­

tions that interspecific competition would be most evident in the 

tropics. The tremendous diversity of cpexisting ungulates lends 

it~elf to study of interspecific competition and resultant ecological 

separation. Studies which deal exclusively with wild ungulates, as 

l .. e11 as with mixed domestic and wild herbivores, can be divided 

somewhat arbitrarily into two categories: l) in which emphasis is on 

broader habitat and distributional stratificat.ion and 2) in lmich 

stress is on finer food habit or niche differentiation and overlap. 

In the former, lamprey (1963) demonstrated ungulate separation 

on the basis of spatial and temporal distribution di!ferences and the 

use of different feeding levels. Herbivore distributions in Queen 

Elizabeth Park, uganda were related chiefly to preference for 

vegetation t,ypes and accompanying floristic components (Field and 

Laws 1970). Partitioning of large wild herbivores ~J habitat type 

and temporal discontinuity was described b,y Harris (1972) in the 
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Hko:rad :i.eserle , Tanza.'1ia . 3lankeoship and Field (1972) on a rancn 

in Ken;ya shov.'ed that U-'1€:"J.late distributions :,rere affected by vegeta-

tion COlCllUl'.ities as -.:e11 as vegetation condition ,;ithin the communities. 

They concluded that '~hile l ocalized influence of cattle on .. d .ld 

ungulate foed supplies 'h'as €-vident . over all competition was not 

significan~ due to the low number of herbivores r elative to the 

forage r esources . In Rhodesia , wild ungulate distributions were 

associated with gr oss 'If.!getative structure and topographic features 

(re rrar ar~ Walker 197~) . SL~larly, F~rst (1975) concluded that 

inte r specific cO!'!peti tion a.'Ilong wild tmgulates in South Africa -"as 

avoided prirurily oy s patial se~ration . 

Studies of ecclogical separation and overlap at the food habits 

level can be separated into those ifhich concentrate op plant species 

selecti on I those ",{hien emphasize plant I=!"lrts. and those which combine 

the ~~o . studies of selection for plant species include those of 

Talbot a."lo. Talbot (1962) and Casebeer and Koss (1970) . Results of the 

latter work indicated a high degr ee of similarity in selection for 

gra:;s species "ciJ Hilc.ebeest , zebra I hartebeest (Alcelaohus Ouselaotus 

cokii) an:!. cattle . Qlrerlap of buffalo (Syncerus ~) and cattle 

grazir~ preferences led Field et al . (197) to conclude ~~t there was 

apparent food co~petition in the t rial area~. but that buffalo utilized 

certain habi tats (tree shade , standing water) ',~hich '..rere minimally 

used by cattle . In a s tudy -... hich correlated se l ection of plant 

species with chemical composition cf the pla~ts (:ield 1975) , buffalo 

and cattle -"'e r e categorized as coarse grass feeders as their large 

-- -J ' 
,t,[, "1 it.' . 'iI#r ' . 'J 
",,,, ~ "W 
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mouths rendered them relatively Wlselectiv~ for par ts of plants . Eland 

(Taurotragus oryx) were unable to rraintain the~~elves on low quality 

grass ami ..... e r e forced to s,;1.tch to browse in the 6-t season . A:.ong 

the four species studied , or,yx (Orr~ beisa callolis) see~ed to be the 

most adaptable as their s~all ~ouths e~bled then tc select for nutri­

ent rich parts of grasses . Recen-: '..;or k by Mcrla~hton (1978) has 

sho-..m how different groupings of grass s;>ecies (plant guilds) ~. 

effect the separation of ungulates along lines of thei r varying food 

selecti vity . Studies emp.'lasi:dng structure and plant rarts (Vesey­

Fitzgerald 1960 , 1965 . Gwynne anc. Eell 1968 , Eell 1970, l-i~~~a:;.g:tton 

1976) nave de~nstrated that thA feeriir~ rela:ionsr~ps ~~een wild 

ungulates; are .. .ore facilitative than cO:lI~titi'le . These studies sho .... ed 

how gr azing and trampling by certain ungulate species favorably Il'.odi- . 

fied the vegetation structure for other species ",'r-.ich followed . The 

characteristic pequence cf movement by the different species has been 

coined the grazi ,ng succession . 

A combined species and plant_part appr oach "'-.1S taken by Sinclai:­

arn G ... ~e (1972) which inCicated a selection ~I buf~alo both fo r 

gr ass leaf and for species ·..nth a high leaf: sten :-atio . In this 

study considerable food habit overlaF bet .... een ·..rild~Ceest arn buffalo 

;.Jas demonstr ate)! . suggesting that competition ~/aS operat i ng durini; 

the d...-y season when protein and other nutrients we~ Enited . 

3la..,kenship aru(Qvortrup (1974) stated that 'lbon:son r 5 ga=elle 

(Ga=ella thorr.sonii) and impala (AepYce r os :r..ela .. ~cus) .... ere r-.iG!Uy 

competitive for food with livestock cn the Kekopey ranch in Kenya . 

''1'' _ .. 



J ; 

L~ 

12 

They ~s!!d this conclusion en to'/erla? of habitat as well as selection 

for plant species and parts . ~~a (1975) concluded that while 

... "ildebeest and zebra both .... e r e almost excl usively gra=e rs , wilde-

beest ~ier<;! nore !:electi'le for short grass an~ for leaf . 

As an adjunct to the previous ecolog~c~l studiesi Hofrr~ (1973) 

fu:-nished a detailed description of the storach morphology of se-.. e ral 

',.dId ru.":ti.r..ants . ::.is division of rur-inant stoll'.achs on rrDrphological 

g!'ow;.ds is correlated 'I."ith i!"l!'or:r.ation on f oed. :'..abits and is supportive 

of feec.i!'1g ecology studies albeit on a le'!el of broad differentiation . 

A synthesis of the socie- ecology of African antelope uJ Jarrr~ ( 197~) 

p:-esented a nUlnbe:- of interesting hypotheses linking social. behavioru. 

and ecolcgical char.acteristics . 'The implication is that there both 

.... -ere SQc:'al and behavioral bases of ecolcsical seF4ration . 

General ';let season disper sal patte rns of Tarangire unglll;ates • ... ere 

ceter.;":'ned b-J larr.prey (1964) . The 10";1 den!litY (C .97/sq . kIn) of .dId 

lli~ulates in the }~~ai disper sal area ccrnparcd to trAt in the 

&!rengeti -.~et seaS':ln araas (JO- 54/sq . kn) ',,-as attributed at least 

in part to hurna...-. <l.ctivity . Poe concluded that a decrease in dry 

sea:;0:1 water sources was the foremost reason far 10'1-1 ungulate density . 

fo110· ... ed by competition for f.)rc,ge -..tith dcmestic animals and a high 

i~dcience of hun ting . 

7.ahurap..s.nga (1976) under scored the i:-.portance of the Simanjiro 

plains as "'et sea.son hat:itat f or Tarangire UI'.gulates. especially ~i.lde-

beest and zebr a . !-l.is ·,Iork pr ovided. detailed inforzr.ation on herbivore 
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der:sities rel..3.ted to l".abitat. Herbivore nunber and biol"'~ss estirrates 

confirn the preponcierance of cattle which ",oaf particularly pronounced 

in the dry season ","hen there .... as a conco:u tanto decrea~e of ..nld nerOi­

yores . The broader approach taken by the ~resent st\:Cly should :::rove 

conplen:entary to the detailed "4ork b"J Kahl:..ranana .. '1ga in Sirr.a.njiro as 

i{ahurananga investigated cnly 12~ of the present study area . 

A cursor,y description of the vegetation of Simanjiro was given by 

Van Voorthuizen (1971) who estirrated the carrying caFacity of the 

arp.a to be 9- 12 acres pe r A.rlirr!a.l Unit . Also , the a r ea ',.;as included 

in a broad phy~osociological classification of all south ~~sailar~ 

(I..eippert 1968) . Ka.;r.etz (1962) provided a thorough list:'ng of 

per:r.anent .. '3. tel' sources in the northern hal! of the study area . 

Comparison with present sources inC1cated little cbAnge in the statas 

of dry season water . 
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Location and Boundan- I::elineaticn 

Lolkisale n:our.tain is located in the northern r.!ost part of the 

study area some 53 \qn ssw of Arusha in northern 'ianzania (Fi-g . 1) . 

TIle study area exter.ds 100 krn south and a\'erages 48 :an east/west to 

enco~~ss a r. area of 4867 ~2 . I t l ies between latitudes JO~, and 

4°55' S. a.,d lor.gitudes }6°08 ' and )6°48 ' E. Tarangire National Park 

beders the area on the west while the scarp ri sing frtlm the HakEJ:li 

depressi on ~st pro=anently ce~Arcates the easte rn tounciaxy . The 

primarJ cri~ria ~C'!' delir.eating boundaries were i:1clusion of ' .... et 

season nabitat3 occupied b'J Ta.""3r.gire ungulates al".d inclusion of 

a.reas traciitiol"..ally utili~ed by Haasai belonging to the Si.'!lall jiro-

Leibe r Sirret ranching villages . 

TIle stud;y area is a flat to a mildly undclating upland plat::"!au 

ilhich varies altitudil".ally fr om 1585 m t o 1097 m, north t o south., 

E:z:ceptions to the prevailing topography are rolling ar.d mcd.eratel.y 

dissected lands alol"~ the northeast and ea~t central portions including 

18% (8n :an2 ) of the a r ea , and the deeply dis,;ected slope system (~ ; 

17.5 km
2 ) circumscribing Lolkisale in ':.he nor t h . 

Several isol ated hills which ri:: e from 50 to 610 m above the 

surrounding COUntl"'J are !'ound thrcughcut the area but arc concentrated 

in the northwest I '!lest central ar.d s outheaster:'! porti ons . l-!ost 

conspicuous are LoL~isale (21)2 m) in the north , Ol donyo Sambu (1881 m) 

)1, 

-~--' 

,. 
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Fig. 1. Location of the study area., south M3asailand, Tanzania. 
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in the west, and tlaibor:nurt (16Cl :n) in the east. The latter name 

means white neck in ~~sai and refers to the uAssive volcanic plug 

which can be seen shimn:ering in the SUll some 100 kin distant.. 

~e northern most dissected sections, including Terat and 

Lolkisale, drain nort.h to the Pangani river and finally into the 

India.."'l Ocean. The rerr.ainder of the area is comprised of an internal 

drainage systelr.. Drainage fro1l'l the east a."'lci north central portions 

is southeasterly to the Iigarouriagi and Kitiangare seasonal river 

coarses. A convergenoe of these terminates in the Makami depression. 

Sea.:::or.al rt:!lo!'f from northwest and west central sections flows south-

.... est to the large edaphic grassland. of LarlrAkau ::"n Tarangire. Drainage 

from the central part of the area is sou~~er~, ending up in the 

seasonally in~~dated grassland depreSSions of Njoro and Kimottor~o 

',dthin the study area. The lower elevated 30uth is comparatively flat, 

as renec'too C"J the localized drainage patterns. Surface runoff is to 

snall seasor.ally inundated depressions and ~~terholes and two larger 

uni ts (158 lcl: .50 kr.J.2) '..mich are slightly depressed and fJ.oristicaJ.J.y 

and edaphically distinct from the surrounding bush. 

Cli.ma.te 

Rain!all-Seasor.ality ar~ ~ 

In East Africa rainfall is the most important aspeot of clirrate in 

terms of land ~lse potential (Woodhead 1970). While rainfall patte::-ns 

are ccm~l~~ and unpredictable they are associated with the Inter-

tropical Convergenoe Zone (Sinclair 197.5:13), which follows the su."1's 

north/south oacillations. This low press\~e zone is responsible for 
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the varying degrees of bimodal rainfall distribution often occurring 

proximal to the equator. '!he study area is included (Pratt and 

Gwynne 1977:15) in a broad region which ~haracteristically receives 

a single season rainfall from December to April. Interpretation of 

the meager records available for Loiborsoi t in the north of the study 

area (E. ~r. Meteorological Department, 7anzania) confir:n this and 

indicate that monthly peaks for ~. year can occur from. December to 

April, but that January and April are the most likely months. 'Ihu~ a 

long term assessment indicates a single-season rainfall while on a 

year~ basis a bimodal distribution of rainfall trAy bs observed .• 

Ha.asai knowledge corroborates this as does the fact that they have 

a specific word (Aladalo) for the short dry interim period bet.,-een 

rainfall peaks. Light rains rr~ begin as early as September to 

october and continue into June. The arrival and departure of 

Tarangire liildebeest and zebra and concurrent presence and absence of 

ephemeral water and green grass ('74/'75: Ja11-June, '75/'76: mid f.ec­

June), determined the partitioning of wet and dr.r seasons for purposes 

of this study. 

'!be 11 year mean rainfall for the Loibcrsoi t. records ...as 529 n:m 

(max. 759 rom; win. 3)4 mm). !he enUre study area is incluc!ed :.n the 

40<>-:600 ron isohyetal interval for u:ean annual rainfall (Atlas of 

Ta.'"1zani.a 1967). In te1'lllS of rainfall probability the area falls 

within the 250-;00 r.nn. isohyets (Ibid.). '!his means that the 

statistical probabili~f of receiving More than 250-500 mm of precipi­

tation in any year is 9rJ!, and of receiving less is l~. 

.. ... 1 .. ~ ,. : ' 
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"lthough elevation is nct abmys a reliable index of prec:..pita-

t i on, in East A!rica there is often a direct correlati on bet~een the 

bo (Trapnell and GriffHhs 1960, Pratt and G~e 1977 :13) . !hus it 

is probable that the lower elevation bush areas in the south receive 

on average less thar. 500 r.!:ll per annum . Such conjecture is supported 

by the dorrir~nce of ~I bush and APw1ual grasses in the south and the 

differential classification of northern a.~ southern areas qy the 

~~:=ai . '!be ~gher altitude ncr th is considered to, be bet ..... een ~supuko" 

al"'.d. '~r;:urkel (ecological site classifications characterized prirr.arily 

by higher and lo;.;er rainfall, respectively), whereas the south is 

" " ciecidedly or;yU'kel. 

!<'!a."'I an.1ual evaporation as presented in ?ratt and Gwynne (19n;21 ) 

ra:1ges frcr! 1500 to 2500 rr.:n . Correlated w'"lth precipitat ion , this 

suggesw a general cl.i!na tic description of the area as semi-arid to 

arid . The pauci ty and variability of rainfall in timing and an:oWlt is 

of significance to t~e study for the fol1~~ng reasons; a ~ 

system of crop agriculture is precluded; ecological considerations 

prpscrice ~~r-hasis on larn use opticns involving livestock anClor 

~-:'ldli!,e raSO'l.I'ces ; ',.-ildlife ar'.d livestock are prone to consider able 

n~~ritio!"'.al str ess during the l ong dry seasons when re sources are 

li~ited ar~ competi t ion i s potentially gr eatest . 

Rai."1..fal! du.r:"n't t~e sttX,y~. Rain gauges ..... e re installed 

at Loiber Sirret . Mbor et and Loiborsoit . In addition I hoped to obtain 

a record from the Tarnngire Far].: camp south of Oldonyo Ngaharl . Vandalism 

by ''';Ol!''riors . t:ove::lent and negligence by those er.trusted to keep records 

and a hyena's 'lariegateci choice of n:enu , resulted in a complete r ecord 



19 

only for Hboret for the 175/ 176 wet season . A total precipitation 

of 254 rem indicated a considerably drier than average year. On the 

basis of incomplete r ecord::: and compar i son ·..n th th~ above , 174/'75 

precipitati~n was about average , wher eas that for 176/ ' 77 ~~s above 

average . \'fuile observations in the latter year appeared to confi.rn!. 

ungulate distributional patter~s as r ecorded in the previous drier 

years, it should be borne in nind that the data r epresent a sor.:e' .. hat 

dri er than average period in the cycle , a time when compe titive 

interaction would pres\lll'ably 't::e hei ghtened. . 

Te!:lDera tu:e and Hind 

An appra.CL~ticn of me~l te~?Cratures can ce gaince by subtracting 

5 . JoC per 2000 r.I. elevation .t:rom an average coastal temperat<:.re of 27°C 

(Gl ever at'..ci Aenwor thy 1958 in Pratt a..'1d G",yr.ne 1977: 19) . Ca.lculated 

as such , app::-o±::ir.,at.e n:ea.TJ. ten~ratures =or the stt=.dy area r ange fro:n 

19 to 2loe . o;,cer:ber to ~~rch and J t:l"!e to August , respecuvely, are 

L'le ..... a."'!I:er a!'1rl cooler months . As a."\y good elephant hu."1ter ;.rill confir::l, 

dry season winds are fai r ly constant and ble-... weste r ly . Wind duri:1g 

the wet season is r elatively ninirr.a.l and riir~ctionally va::-iabl e . 

Geology and Soils 

The geology and soils of t he area ha'le been subjected to rr.inimal 

im'e stigation ~ Region,al geological :rapping a t a scal e of 1 :125 .000 

is ongoing in ,Tanz.ania but has not yet covered :rruch of l'aasailand . 

There are s~ scal e geo1cg~cal ~~Fs of the entir e country (?arcn 

196J :J20, ?ratt and G~~"1e 1977:6 , Atlas of Tan=ania 1767) ..... hich 
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yield a general picture. Almost all of the area overlies Precambrian 

rocks of the Usagaran system. The latter source defines the rocks as 

metamorphosed sediments and volcanics and consisting of quartzite, 

graphi tic schist, chlorite, amphibole, mica and k;r...ni te, schist, 

hornblende. biotite and garnet gneiss, granulite and charnocki te • 

Addi tionally, there are small areas of Tertiary and Quaternary 

sedimentary rocks consisting of sand, gravel, laterite, silcrete and 

calcrete. 'lhese correspond to the floristically and edaphicalJ.¥ 

distinct units referred to in the section on physiography. 

The three basic soil types which cover the majorit,y of the area 

are swmnarized from the Atlas of Tanzania (1967) as follows: 

1. Reddish brown soils of semi-arid regions; sandy 

loarns to clay learns derived clie~ from gneisses 

2. Ii thosols on basic parent rna. terials, chiei'ly lavas 

and gneisses; grey-brown gritty loams 

3. Vertisols of topographic depreSSions derived 

from fine textured riverine and lacustrine alluvium 

and colluvium; grey to black clays 

A small area over 1500 m in elevation, including the broad-leaved 

woodland around Lolkisale and the Simanjiro short grasslar.d, is 

I 

classified as having ferruginOUS tropical soils and ferrisols of high 

altitudes. These are dark brown to red lcams and clay loams derived 

from gneisses, lavas, granites and ash. Apart from the vertisols 

and. to a lesser extent the latter soil types. edaphic differences 

are largely masked or overridden by the climatic (altitude/moisture) 
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regin:e . Rence , given reae o:1able topographical a..~d ::Jar'.a.;er:ent history 

s i :nilarity , areas of s ir.ri.lar elevation have sir".i2ar vegetati on t.ypes . 

The gradient from higher to lo ..... er elev.:l.tion is fro:"l open ',.;ooded and 

bush&d grasslar~ and ~~odlap~ dOmL~ted ~J pererunal grasses to 

bushland and annual grasses . 

Vegetati on 

Since the vegetation is disc~ssed i~ detail under the habitat 

classification section of Results , a brief overview will suffice 

here . Floristic arxi physiognor.llc characteristics lead to place::ent 

of the northern 'savar_".a' like cou.:'ltry into the Acacia- Then:eca 5';:at-

tered Tree Grassland type , whereas the southern bush areas are closest 

to the Desert-Grass- Bush type (EciI.'arO.s and 30gdan 1951:6 ,10) . The 

er.tire area ialls ~dthi..'1. Heady ' s (1960:12) extensive 'Thenec!.a.-

F~rrhenia grasslar~ =one . 

The north central elevated areas , cocprising about a tp~rd of 

the study area , fall ...... it:un eco-clirnati c zcne D1 of Pratt and. G'~·ynne 

(1977:42; revised fro:n ?ratt et 0.1. 1966) . FhySiogno::ti.c ca"tegories 

within the zone consist of woodland , ...... oocied g:-assland an:! gr assland 

(Pratt and G-.tynne 1977 :l:.4-50) . Chief genera include Acacia and 

Co::ri:tinhora for the overstcry and 'Thernecia, Par'..iCl1 ... ~ and Digi taria in the 

understory . Roughly a tP..ird of the area lies intermedi.:l.te to ::.ones IV 

and V ar.d. is ccmposed of ',{codland, -,,"ooded grasslar>.d. a nd bushed grass-

larA . PrimarJ generic constituents are Acacia/Co~£UD~cra with ~ 

ar.d. Aristida in the ~~derstory. Tne southern bushl~~d units r epr esented 

by~. Commiphora and Gre .... -ia species fall in zone 'I. In a.riciition , 

..... ,., 
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scattered t hroughou t , there are bushland uni l s , grasslands and bush-

herb grass lands of impeded draip~e unde r ec~~~c control . Acaci a 

"e1'ife:-a, ?e:-l.n;set um mezianum and the herb ':yathula ~ best 

characterize these uni ts . 

nistory 

According to oral t radi tion (Jacobs 1975 :411-412) . the K3.asai 

originated ',{est of Lake Rudolph and. s lm·dy r.:oved south , entering the 

Rift Vall ey by A.D. 1400 . In all the areas into which t hey expanded , 

they ousted se~i-~storalists ap~ acquired use of existing ~~ter 

SUP?1ies . Elde!"s coru~irm t hat the deep wells found throughout 

l'!a.asailanc. , j,ncladil"'.g Kimcttorro wells i n t:-.e study a rea, 'dere in 

existence prior to the ad'ient of the Maasai. 

Oral t radi ~ion maintains that some 30 :-ears before the rir.der pest 

pa..l"JZQotic (ca . 186C), the !·!aasai drove the i:i.-avi (an off-shoot of the 

Haasai) frcr.! around t he per :-anent wate r sources :'n t he study area . 

D.lring t he panzootic and its aftermath (18;;;=-- 1900) the area was 

largely abar.cioned. a s the !-!aasai \{ho endur ed the disaster had f a .... · 

stock a nd · .... e re forced to take up existence ·:i.th :leighboril"'.g agricul-

tur alists or h~~ter-gatherers. Arour.d 190C the Loibor Sirre t and 

Terat rive r springs and envi r ons r ega:'ned s :.atus as dry season l1ve-

stcck areas . The 1Cimot torro arEa .... as used :"or ·..let season grazing 

u.~ti~ po~ation pressure and the ~O-' 6l dr~ught necessitated r e-

excavation of the ;.;-ells in 1901. Terat and. Ki.'lIottorr o have r err.ained 

as dry season tabitats up to the present. 

Tsetse infestation has been assoc i ated ',.; ith Loibor Sirret since 

"t
J 

!. ' .. " ; }fj 
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l-U.a::;ai occupncy . The infe::;ta lion , .... hile fluctu.s.tina, '~az generally 

light ane. tended to r estrict rather than preclude livestock use . 

(~lY interjection: restricted use = extra forage = £i::,,1; = tsetse 

contro17) An increase in tsetse in the mid-1940's re sulted in pc.rtial 

err.igration of the l-!,a.asai . Large scale (255 k(
2 ) tsetse clearing in 

the late '40's to mid 50's by the colonial gcvernr.lf.'nt (Anr.ual Report 

of the Tsetse Su.""Veyand Reclar.ation De~rb!ent 1958) effected an 

upsurge in cccupancy ;"mch was !:'agnified by i:-'~-ugration of d.-ought-

str icken Haasai from other a!"eas . Ensuing intensive t.!se by livestock 

a~n accom~~ying enviro~~ental changes have all~~ed regeneration of 

· .... oody species and conccmitant fly reini'estation . Livestcck ~se has 

consequently .. -aned despite provision of a dip and other services in 

1977 . 

The Si.rra.'l~i:"O plains ' .. ere largely limited .to ·.ret season grazing 

by livestock un;il t::e completion of bo da.'1!s a.n.ci t';>o corenoles by 

the color..ial gO\~rr'.rr.ent in 1954 (If.ar.etz 1962) . Before thal time 

}~sa1 elders r elate that as nCT .. , Tarar..gire ungulates no\'ed into the 

area seasonallY. except there is a consensus tp4t ~~ldebeest and zebra 

-.;ere fewer then . The sig:lificance i s that due to lack of wa le r, 1ive-

stock and wilcilffe use of the plains was largely restricted to t he wet 

season , and the ~ntensive d..-y season \:se by li'!estock is an occurrence 

of the last 20 sc~e years . 

The precedil'.g sucr.ary illustrates that t here has been a 1006 term 

association of pastoralisn ~~th the s t\:dy area in -.;hi ch the ~~~ai have 

played a ~rt for at least 100 years . Of f Ur ther consequence to the 

study is that the t ..... o areas which have received the !II0~t external in;mt 
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coincide respectiv~ll with the areas in which adverse environu.ental 

change has been most prcnounced and potential livestock and wildlife 

competition is greatest. 

other Forms of Land Use I 

The two major forms of land use are geared toward the livestock 

.and wildlife resources and their actual and potential development, 

hence the focus of ~he study. Also, there are minor forms of land 

use which are of il7lportance to the former. These will be touched on 

in this section, ir.cluding uses of wildlife other than use of the 

area qy Park species. 

Wildlife 

Legal utiliza~ion occurs in the form of hunting and live animal 

capture. Prior to the hunting ban in 1973 the area was often fre­

quented by professi·;)nal hunters and overseas clientele. Presently • 

most hunting is qy :he Tanzania Wildlife Corporation to procure 

trophies for sale a:-.c. meat for distribution among villages. As 

part of Government :~ecentralization. recent changes in hunting 

regulations have a~~ed toward channeling some returns to the Districts 

in '"hich hunting ta!:es place. This trend should encourage recognition 

and management of ~::'ldlife as an economic resource and hopefully will 

facilitate direct r~muneration to local inhabitants in the future. 

However. a specifiC1.tion that licenses must be purchased in the District 

capital has limiter.: hunting by residents. Few hunters frem the nearqy 

population centers 'Jf Arusha and Moshi are willing to drive the 2:30 km 



25 

south to Kibaya to hunt a mere 70 km south. 'Ibis anolT'.a.ly could be 

easily remedied b.Y making District permits available at Regional Game 

in Arusha. 

The study area provides opportunity for types of wildlife utili­

zation and management not possible in the National Park. Hunting, 

and to a lesser extent wild animal capture for zoos, require minimal 

capital outlay relative to potential gains. If wildlife and livestock 

are to coexist in the future as now, benefits accruing fram these 

kinds of activities will have to be realized b.Y the local pastoralists. 

Croppi~ of wild animals on a sustained ~~eld basis is another . 

possibility for the future but one which holds little promise at 

present. An assessment of pilot cropping projects in Tanzania led . 

Bindernagel (197.5 :2) to conclude that "most results showed that any 

biological advantages that ~~ldlife species held over domestic animals 

are outweighed b.Y logistic, economic and social drawbacks". 

Illicit hunting can be described as both subsistence and 

commercialized. While recognizing that the distinction rAS in recent 

years become less clear cut, I consider the former a means b,y which 

local people derive benefit from wildlife. 'lhe latter, while not 

blatant, is undoubtedly jeopardizing rhino (Dicercs biccrnis) popula­

tions. Numerous carcasses were found but only one live rhino was seen 

during the study. Elephant (Loxodonta africana), zebra and leopard 

(panthera pardus) are secondary targets. Population dynamics, 

behavior and the greater difficulty of disposing of their end 

products, render them less susceptible to poaching. Outsiders (often 
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Kenya.~s) are the ~in instigators ar~ beneficiaries , if not the 

executors . For full realization of '.nldlifc benefits by the 

GO"err>.n::ent 3.nd local peoples , steps must be taken to prevent illegal 

utilization. 

Cultiv5.tion 

Cultivation Hithin the a rea is :nainly confined to sinall acreages 

adjacent to trading settlerr.ents . Total area under cultivation in 1977 

~~s a~pro~~t~~ 130 ha . Although this constitutes a minimal area 

relative to the ;.;hole, most of this (120 i:a ) is on the Simanjiro plains . 

Kahurananga 0.976) r e:x>rted a total of 70 ha in the sa!'!8 area for 1972 . 

The increase is attributable to an ir,crease of tractor cultiV'aticn by 

a fet,; 11aasai . : ·~ize is by far the principal crop · ... ith oedIls a distar:t 

secor.d . Eesides t he vagaries of elilnate I inclU'sions by wildli!'e and 

livestock militate against cr op agriculture . Emphasis on small plots 

in fOr.;lsr corr.al ( Iboma l ) sites w"ill some'",hat circumvent t hese ::on.!'licts 

beca.use of t he existir.g thorn enclosures and the presence of animal 

fertilizer . A more complete discussion of cultivation activity , history 

and pr oblems by locale has been provided in an earlier r eport {Pe terson 

In s~ffarJ , larger scale mechanized agr iculture is not compatible 

wi t h livestock or ,,"il d.life and mustbe l'>..alted if expressed goals of 

land use are to be pursued . Evidence from the $ahel region suggests 

that cultivation on rrar ginal land, specifically the pastoraljagricul_ 

tural interface, increases t he vuJ.nerabili ty of both groups to the 

imj':Qc t of drought (Campbell 1977) . Awareness of the problem is not 

':. 
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lacking among Gover nment leaders (!'longi 1974) I but a clearly defined 

and enforced policy fo r Simanjiro i s needed . 

Agriculture in adjacent areas is r.:ost extensive along the 

northern side . Large scale na\-y bean farming for seed export bega...'l 

in 1971 in the vicinity of Lolkisale . :8'11976, land under cultiva"ion 

had expanded to 6500 hectares . Charcoal b~,ners entered the Oljoro/ 

Kamala areas to the nor th in the early 1960 ' s . As trees sci table for 

charccal burning were exhausted , rrany of the people settled and ~e€an 

cultivating . }~sai use of both of these areas is considerably 

r estricted . The iInplica tions deriying from cultivation cn the peri-

mete r s of the area are twofold . First l it int~n~ifies pressure for 

expansion of agriculture interr.ally . Second , and of particular 

signifi cance to t his study, i t lL~ts or g~ographically fLxes the 

a r ea available fo r livestock raising . 

Honey gathe'ring is a favorite pa.stiln~ of particula!"ly t!'.e ' Bala!:ga ' 

Dor obo . The honey is seld lccally or used to bre\," honey :,eer (Na:ruka) . 

Fi r~ i s sorr.e~hat syncP~ous \rith honey gathdring and it is t hrough this 

effect on habitat that the activity has most be3.r ing on livestock 

and wildlife . Api culture ha;; potential for cievelopr,ent :l~ a fonn of 

land use , suFplkrr.entary to and non-conflictL~g "~th livestock a.~j 

wildlife . 
" 

Gemstones ',fo\U1d in t he area 3.nclude rhodoll tn , al.ma.ndite , tanzanite , 

gr een and red garnet , tourlr.aline , ruty and ar:dthy3t (Dep.:..r~;,eot of 

Gemstones and Hin~rals) . Blaclor-.arketecrs attracted by gems . cften 
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deal ' .. 1. th illlci T. ". ::.ldlife pr cd'lcts as I.·ell . 

The charcoal t ; rning so pre'lalent to the north is thus far 

minimal in the area . Con":. rolled charcoa:!. burning could in the f~-:" .!.re 

be incor ;lOr ated. i:: ':l livestock rranagerr.ent plans as an economical J'o..-m 

of bush cleara.~ce . 

Ul'l6ula tes are :iefined as 5~cies ...nthir. t he oreers ArtioC.act yla , 

Per issodactyla ar.d ?robosc~dea (Gei st 1974) . cattle , sheEp (Ovis 

~) , goats (~ hi r cus) and donkeys (Eauu5 asir.us ) represent th~ 

do~estic Uo"1&".llate s in the .:lrea . Tne sbdy' s emf.-~sis on cattle is the 

r esult of that sP<'" '~ ':'e~ ' r.umerical superiori t.:r af'.d the p:-iori ty giv.<:ln 

i t ~J local and d~ '~lo~ental interests . 

At:ong t.'1.e nu.-:I ~ :"ous ",.ild ungulates , spec:es ',;ere included on the 

basis of a':;r..:ndance, qualita.ti"ie food habit overlap with cattl e a nd 

ar.enabili ty to th~ :::ethod::: empl oyed . For th~ ,\;et seascn , distribt:._ 

t i onal c.ata ar') pr~senteri ':-or ... i.ldebeest I zebra I kOI".goni (Ccke l s harte-

becst) , eland I orJ:~ I Gram, ' s ga:::elle (Ga:::ella granti) aIld i.'11p.la . 

T'ncse ar E the r:cs : a.bundant. n:ediur;..- si:.ed ungulates '..rhose beru.'!ior 

allm.'eC. fo r obse,lati on along t ransects . Focus ..... as on 'Iril c.ebeest arti 

zebra , th~ r.ost n~"erous grazers . The dry season counts at water 

sources gave reliable figures for a slight.ly dil'ferent gr oup 0.'" 
species , , Thus catt.l e distribution in the CrJ season is related to 

elephant I 'olack rhinocer os , buffalo , elo..'1d I zebra I ·..;ildebeest anc. 

kCI".goni distrieutions . Of these species the ~~jori ty of the 

... i.ldebees t and zecra a r e s~ asonal r.ri.grant s frern Tarangire Park . 

1f ---- ' ., 
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Elephant, buffalo, eland, oryx and kongoni populations are more evenly 

divided between seasonal migrants and permanent residents, whereas 

Grant's gazelle and impala fall exclusively within the latter cate-

gory. 

In addition, the area harbors a number of less abundant WlgUlates, 

the most conspicuous of which are giraffe (~ camelopardalis 

tippelskirchi), l'l3.rthog (Phacochoerus aethiopicus), and Kirk's dik-dik 

(Rhynchotragus kirki). Ungulates characterized by secretive 'behavior 

and/or a very localized distr~bution include greater kudu (Tragelatihus 

stre'Osiceros), lesser kudu (Tragelaphus imberbis), bushbuck (Tragelap.. 

hus scnptus), Bohor reedbuck (~~), gerenuk (Litocranius 

~), !bomson' s gazelle, bushpig (Potar.ochoerus Forcus), bush 

duiker (Sylvicawa ~) t steinbok (Raphicerus cam'Of::stris) and 

klipspringer (Oreotragus oreotragus). Ostrich (Struthio ~), 

taxonomically distant but ecologically similar to the wIgUlates, are 

cOJlllllon as are aardvark (OrycteropUs ~). 

The usual large felines, lion (Panthera leo), leopard and cheetah 

(Acinol\Y'X jubatus) are present as well as the spotted hyel"A (~ 

~), that proved to be the most common c~psite visitor. The 

follC?Wing carnivores also occur: striped hye!la. (~hyaena); aard­

wolf (Proteles cristatus) i ,dld dog (l.Ycaon pictus); black-backed 

jackel (Canis mesomelas) i common jackel (~~); side-striped 

jackel (~~); bat-eared fox (~megalotis)i caracal 

(~~); serval cat (~~); civet (~~)i 

common genet (Genetta genetta) and ratel urellivora capensis). 

tific names of wild mammals follow Dorst and Dandelot (1969). 

Scien-



;;.;.bitat Cla!;sification 

T."'le cbjective o:~ haoitat idem,~fica~ion ;~z to er-.able i nterrre-

tation cf al"r..3. l distrioutions relaibe to n.:ll:itat. type:; and. PCS.3i't:.l.y 

to indicate serne call .3al effect.s 'ceb .. eel". the blo . In a br oad :::e:1se 

, ~~bitat can be defined as the complex arr ay of biotic a.~d abic tic 

factors 'Ihich deterrd.ne iihe r = e,r, c r ganism 2.i'18 5 a:1d thri'; as i. -:- •• it=> 

distribution ~ l".d abu:-.dance , Since vegc':ai..ion is gEmerally th'=! mest 

i n!=crtan t h.?'oi t2. t cCl:~.!'Cnent cf large terre.3t.ri .? l herb:!.'/or es , h 'lbi t.a t:::; 

and conpositi~n • 

. ?lant scecies ',;ere coU=cted at'.d ident:.fied using '3,·,ailable 

taY..onox.c keys (!:nle and G r:>~n'~'ay :i.9£,i , road:e :- ar:d. Na!,~r 1961 . 

30gcan :95e , AgnCl,' 2.; 74 , flo ra 0:' IT~Fical E:".::> t :!.fr:'c.!l. 1952 _ ) , 

for '/erilica:,:'on , Vegetathc units liera deLneated ; ·:-c.m Srts z ... k..i.lBe 

in:3.gcry rr.aps (?:.g , 2) at a scala 'C'! 1: 2; 0 , 1':'0 . Fn"p.'c ',,;;.:,!'ant'=!l I.::y 

g r ou::.ci !"9conP.aissar.ce , tho? aeline.:>.tiu!1s \.;ere cdjust.ed ~;i th t he aia c[ 

t,ofog:-apr.ic maps : se :-:U1S 1742 (l :50 , OOC) and ser~e!l Y50) (1: 250 .0('0) 

of t~e Survey Division , Ta.::~ania . 

Il.epresentative sites · .• 'ithin t he units "'':;'re saIT.p2ed '.!zing the 

r elave' r.:.ethOO (l1ue:"le:,- [cmcois and EEc:1:;.sr,; 1971.;. ) . This tec(-w"lique 

entailed !is ting all sp2c:'e3 occur:'in€ witb:: il 6lfr/' a :'ea and 

assigning a co'!-:-r pe r centage to eac~ !:ly oc';":'lr e::; tirr.ati~n. Checi<:s 

en th':! accur3.cy cf cover ezti!l'~-':.i c:1 we::-e ["'.a:: ~ i::,' Ilsiolg the step- point 
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Fig . 2 . ?'.abi't,;::s L, the s't1:.dy u p-a · .. ·e ::-e delineated i':-cm ::r't3 

sa .. elli te i=.age:-J ::-.aps , SOl.:.th ~!aasa:.lar.ri , 297k , 
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procedure a.."':':' li:~e t ransects f or th~ understory .:loci over s t ory compon-

cnt.s I respectbel:/ . It wa.; conc! t:.ded thd. t t he i.lethod .. as appropriate 

f or the la r ge- al"ea :- ~co:mai:;5ance callw ~cr in the study' s obje\!ti'les . 

The rr.ethod ' s use in and a;Jplicabi !.i ty to Ai':-ican rangeland sur..,ej's 

;.:as r eviewed by \{er~e ,' (1977) . 

In addition to :he ~oristic tabulation , information on ~o11s • 

. topograph~' , elevation , a r.d past and present ungulate use 1<;805 r ecorded 

for ~ach stand (rele'/e ' ) . Soils were charac te ri':ed by texture to .. he 

G hor izon and the calor noted by matching with Hunsell Soil Color t.:l1art~ . 

Sar.:pl es of four l1"..:l.i:1 soil type s taken f r em pits to 180 C:>l in depth , l~ere 

sent to the soil testing latorator y at I,yan:ur.gu for chemical analysis . 

p:"ese nt a:U.ll'.al use ',:as ascertained. by obsened pr esence d.uring the 

course .of the stud? ar.c. by sign 'spoor I droppings ani forage utili::a­

tion) in the vicinit;,' of the stands . An :"ndica'tion of past use I-:as 

obtai:'led through qc eJtiOI".in,!; of local inhabi ta.'\ts . 

Inter/ ie'"s and in[or :lOil discussion:: .. 1. th ~!aa~ai elder s ~:e!"t! 

enployed as :r.eans of docUll"e nt i ng n:a jor hati tat change wi thin lari e:-

a r eas (Fig . J ). Qt:'J3tio:'ls related to general (di sease , rainfall) , 

as · ... e11 as s~cific ch.al'~es (P.as t:us gra£s inc reased/dec reased/relt"~'l.inl;''i 

the sar.:e7) ',;hicn had taken place since the elcier s'initial associati on 

wi th the area . Nisleac!ing or false in:'orp".a.tion '..tas r ecognizee! ':)y 

cr oss checking r espon5es f r om separate gr cups or i ndiviciuals . A 

sLrd.1ar technique 'H"aS used successfully in ether r.arts of Afr ica 

(Riney 1967). 

To determin!- · .... hether fo rage nutrient 1e':e1s r.-ay have an effect 

on ungulate dis~ri~tion , lea! samples (100 g~ gr een wt . ) of 6 of the 

, 
,,,IIU.,;,.Mt./f, .. "' ....... 
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Fig . J. Inte!"'liel.'"s ar.d i nfornal discussions ·Ai th l".s.asai e~c.ers 

'.rere em!,loyed to document rrajor habitat cha.,ge . 



!'lore cO::"w':lon grass :; !; ·ci es we.~ collected for cherocal analyses . For 

each sp!cies , lea'/es · .. ere hand plucked at random f r om seve ral differ -

ent plants. All 8 z~~ples were taken f r ow. plants of comparable growth 

~t.age early in te . .:: ~ r~·..nng season . 

Tsetse &. I:1festat.ic:~ 

The ciegr ee of :~e tse fly infestation was a Gualitative assessment 

based on how haras s-: :!. I ~-as and on i nforrr.aticn from "'.aasai (Tabl~ 1) . 

C:.. ttle Concentration Area ; 

Gene!"al patte:-:1.3 of cattle dis tribution for the dry sea:;on \~ere 

deter:u.nt!d by plott!.:'-€; d.ry season settlement .; and delineating grazing 

radii f or eaen loea> _ ;. nean grazing r adius of 8 km eonfor :ned to 

observed grad:-.; ;;a.' :.e r ns o-Ier the e.."ltire a r o;!a , The outside perimete r 

ef the · ... ell- grazed c lttle belt lias thus delineated (with l ocal adjust-

:nents) , ',-let season :ii::tr ibuti on center s were deter mined. by pl otting 

r.:o\'e!!.ents of sett1e:-"'!nts and their acecmpa."lying cattle herds , · H ela 

obser:ation aug:-_e::t. :i by r eports [rcm loea: informants pr ovidec t.hi s 

in!'cr:-.a. t.i o:'! , Coro!:;':-J inforraticn Fe r taining to th~ unde r lying 

rationale and !'actor' ·.Ihien govern Maasai moven::ent patter ns ~-as 

obtained thr ough ir: ', . rvie ·~'s and i nf o:-mal discussion , Because of the 

difficulty of quanti ying such info~tion , it is s~Arized in t he 

Di scussion section . 

Cattle ar'.d ' .... nd L'n&:ulate Distr ibut.ions _ ~ ~ 

CC;T'w"'cn~urate wi h the study ' s intent tc in'festi gate ea.ttle and 

wild ungulate inter ;;.' tions and since cattle are obligate drinkers , 

--_ . 

. -........... ~ , ...... 
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Table 1 . categories of tsetse fly inf~~taticn and th~ir definition . 

Tsetse fly 
infestation 
categories 

Very light 

Light 

Ny perception 

Tse tse are noticed only 
verJ infrequently 

Tsetse presence is quite 
reg'.llar but they are fe·,.; 
e~ough so one can almost 
ignore t hefll 

Medium Tsetse are a real 
nui<;ance 

" 
Heavy Life is unbearable 

here 

.. 
" 

Haasai perce!"tion 

Acceptable area for 
livestock l.;ith 
p.urcha:c;e of veri 
little yeter::':laq 
dr ugs required 

~:a.asai ·.~ill use these 
ar eas oroviced Cisease 
l'isk (A::.aplasmosis and 
East Coast Fever) is 
minimal and 'leteri:1ary 
:nedicine is ayailable . 
\~·e3.1 thy Haa5ai who 
cwn m~v cattle are 
often mo:"e 'h'illing 
and able 'to risk use 
of these areas . 

l-laasai avoid these 
areas e:(C8p!. for 
short periods during 
tines of stress 

~sasai use precluded 

: .,~ 



information on dry season ani~Al distributions was obtained from 

counts at per:nanent wat.er sources. Cattle numcers were estimatad by 

multiplying the number of settlements around a -tl3.ter source by a 

mean number of cattle per settlement. The latter number was derived 

from cattle censuses cf 32 settlements conducted by the investigator. 

Pe~ent water sources accessible to w~ld ungulates were 

plotted and estimates of the numbers of water-dependent species 

obtained by a combination of actual and track cotmts. When possible t 

tree platforms were ccnstructed to minimize co~~ctive interaction 

while conducting the ~.ctual counts on moonlit nightD. \{nere the 

nature of the water SOUrce or the time constraint precluded actual 

ccunts, reliance was ?laced on track counts. In this endeavor I 

enlisted the aid of tomter-gatherer friends (Ealang I a O:>robo) 'mo 

read the substrate as adeptly as I do a third grade primer. The 

method entailed pulli~g a thorn tree around the water source leaving 

a 2 to 3 \T'.eter wide S'(;ept trail. This '-JaS done late in the afternoon 

w~th the counting carried out the following morning before the t:acks 

were erased b'J lives':.oclt and wioo. As a test on the reliability of 

track counts, the author ccnd~cted actual counts after which the 

trackers were told to report the number and species which had 

frequented the w~ter source the preceding ~ght (while they were 

asleep). In the three instances in which track counts were tested 

wi th actuai counts, the error ,;as !I'.ir.imal (Table 2). 

Young (1972) found that 5,085 randomized counts at Over 500 water 

sources in Kruger Park did not yield reliable correlation with knOtffl 

. ~ ~ . 

.... ~. ~:j.'~~~.a~ ... _ 
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Table 2. Track counts cross tested with actual counts, south 
lI.aasailand, dry season - 1975. 

water source elephant buffalo 

Naing 'olgawan actual 'count 10 5 
track ccunt 10 5 

tf, error 

Lesoiya actual count 120 II 
track count 141 9 

tf, error +18 -18 

I.esoiya actual count 142 20 
track count 154 . 15 

% error +8 -25 

rhino 

1 
1 

Mean ~ error +9 -14 no error 



po;:u!atiO:1 fi;u r %. ·10 cO:1<::ludcd that the ef :'ect of variable 

e:l'I:"ron..,ental factor:: on dr inking pa~terns undermined the use of 

wale rhole counts to c ~ tain accurate population estimates. The 

inte~ttent . rando~~=ed counts car~ied cut by Young in an area of 

m::.=:-oUs ,,;ate ring op' :"ons ·,.;ould be subject to the variability of the 

nur.2':"ous fac~ors ~hi -h influence drinking patterns . In the present 

stud:.' this ""' aria'::!il:' "J "!laS minL-dzed by the ~is te!l\3.tic ar.ci continual 

cc ... ~ rage . f or from 2t to 9'5 hours . of all perr..anent "'"3. ter source.3 in 

the area . The ':alue )~ · .. ·aterhole counts in :: !'Je cking o(ll1er estir..ates 

of :dldlEe s;:eci es :' :1 the Transvaal , South AI~ica "!laS r eported ":ty 

La~crechts (1974) . 

?:-oeaoly the g ':"~~test i~ccuracy in l~e co~~ts ~as introduced 

in the at.ten~t to de termine .!'::-{)quency of drinking . Frequency varied 

by ~ocale a:J.d bJ species as well as sccial unit , fo r ex.ample . at 

!-!.ondui a bull elepham:. callie in to d!-ink !:ie·le:-ll.l ni gh'ts in successi on 

at ~r.e 5ane hour. whe':"eas the mtriarchal g::-oups drank an a"le!"age 

of once eve:-J 5ecor.c. day . Throughout the e:lti re area it .. -as noted 

t:"a t 10:1e bull ela.::d · ... e r e fO~"ld further f.om :.-ater ar.ci dr.:l.;-:k 

in~requently ccmpa!"~d to cc~/calf herds. 

factors affecti t.g drinking frequency include inherent water 

requirem~nts , the prc:d.rri. t:/ of forage and sui table habitat . the 

vege tation potential :or sl:!,?lying water r equir ements (e .g . succulents) 

and hur..an/~redator i : te,l'e r~~ce a r oWld w ... t er sources , especially 

ha:-:-a!>srr.ent dl.U'ir.g t h! heat of the day . Loca l knO'.dedge places 

·..n1debeest and zebra :'n the categor'J of daily erinking . whereas 

ele!Jhant , buffJ.lo • • :-.ino al~ eland drink e'lery seccnd day on av~rage . 

" - --- - ., 
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The loc.3.1 consensus · .... as used a:) the cri tcrion rer drinking fl ·equen-:y . 

· .... ith ad justments made · .... hen ;.;arranted ~y local conditions and i:1di cated 

in the track COWlts or by actual obse rvation . 

~ and Wild ungulate Distributions - Wet Season 

Lensity indices · ... ere deri "led by di'liding the ntL"1.";)er o.!" amr.o.als 

recorded along driven transects by the distance traversed in t:'e 

respective habitats . I ndices ..... ere adjusted ty calculating a r.:ean 

visibility dist.:mce (lAmprey 196) . F.irst 1969) lo r each habitat. 

Tnis was largely a ftL~ction of woody s~ecies and topogra~~ and ,ar~ed 

from 500 m in grassland to 100 m in bt;.shland habitat . Ccntraction of 

t l""Jpan.osoll'.iasis and in::'ectious he;-2.titis by the author . and recurring 

field obstacles such a:; vehicle breakdc-.m a.~d imF-"lssable roads . 

precluded regular and S"Jstell'.atic cO'Ierage of the area so tha t eata 

were collected 'On a seasonal r ather than monthly casis . 

" 
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~ Classification 

':jit hin 'the 1; 7 stands sa.Tllp1ed . 327 ;>1ant species ' .. ere identified , 

These r !!'presentec. 52 f a:nilies . the lTIost COe;:':on of ~"hich was Grar.li.neae 

... '1.th 95 species , The r.:ost common family of the ove r s tory synus ia :.las 

Mizr.osaceae td t h 17 species . most of ' .. hich \;e!'e of t he pr ominent genus 

Acacia , S~cies -..'1. th the highest constancy ':a l ues overall were 

Cenchr'.ls cili aris . Ar!.stida adscensionsis , ~ triandra t Tragus 

berterc~ar.~s , ~rggrostis cilianensis and Sc:anurn ~ i n the herb 

layer ar.d Co~~pho~a sc~i~ceri. £. africar~. Acacia t ortil1s and Gre:.lia 

bicol or in t~e tree a~~ shrub cor.:;>onent , A 3pecies list is provided 

in Appendix Table 1 a."ld a sll.~rized ccnstancy table in Appendix 

Table 2 . 

c onstancy ta1::!.es of the vegetative data ' .. er e constn;cted and 

stand and unit si~larities recognized on t he basis of differential 

species gr oups (}!ueller-D:l:noois ar.d Ellenber g 1974) . da:rrl.nar.ts and 

constant species . Tnese floris tic j:d.rarneter s co:nb1ned with tapoeriaphic 

and cE:::atic ch.:lrac : eristi cs l ed to l umping of the or i gil".al 31 delineated 

ll.'1its i nto 14 habi :.a t tj'pes and 3 condition classes to c omprise a total 

of 17 habitat s (Tab:!'~ ) , ::.abitat a r eas wer e measured fro::l the map 

(Fig . h) :..'1.th a p!anineter . The basic ~t of classification was the 

habi ta t t ype ~;hich :;as defined as a unit of la.'lrl caj:d.ble of supporting 

the s::;.r;e kind of r elatively stable vegetaticn community (Cauberunire 1963: 

260) . I t was essentially the s~e as t he r~~g~ si te (Abercrombie 1974 : 

24) or sit.e potent.'!.al approach (Humphrey 1962 :193) . The assigl"_Tllent of 

40 
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Ta bl e 3. Fl oral and tOJlo~ raphi c charac t e rist i cs o f t he major ha b itats f ound in the st udy a rcH , sou th 
~Iansailand . Tanzania . 1977 . 
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Tab le J. i'loral and t o pog r aphic characterls t ics of th(! major habitats found in the s tud y area , south 
Haasai l and. TO llzania , 1977 (Continued). 
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I§§ OTC(BGI 

~ LCG(S) 

III GCAt(B / B11 

[] UCAr(aGl 

N 

~ CSVL(BGI 

o POCAm(G/BHGl 

~Pm(Gl 

{,i] Sh(Gl 

r!.s . 1.1 . Vege tati"m- habi1;at r..ap of t~e stuc.y i;. r c a , sou:;:'! :·:aa.5ai!anc , 
19n . !;,ee Tabl~ 3 =or explanation of hc:.!:>ita:: ..:cc.es . 
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condi tion classes to habitat types was aided by a reconstruction of 

the are~ previous status, made possible by the interviews with elders 

regarding habitat changes. 

Ordinational Vegetation Analysis 

Since objective methods for pnytosociological classification were 

.first proposed by Goodall (19.53) t there has been a profusion of such 

techniques, among which, ordination (Bray and Curt:.s 19.57, Swan et al. 

1969) has received much attention. To compare the more subjective 

classification (Table 3) '.,;i th a rna thema tical treatment. the stands 

were o:rciin.;.ted by computer using the method of Swan. D:i.x and. \fehrhahn 

(1969). In this method a zratrix of interstand distances was derived 

using euclidean distance formulas t and axes which most ~ccurately 

reflected these distances were selected mathematically. 

Ordination of all 137 stands resulted in a coni'usion of points 

which was both graphically and. ecologically difficult to interpret. 

The distortion was most likely because of the large number of zero 

values L., the matrix (Swa.'"l 1970), a result of qualitative compositional 

differences among stands. To alleviate this problem the stands were 

separated into 2 main ecologically based groups. The first group was 

composed cf stanaa on seasonally waterlogged soils which were to a 

large extent floristically distinct from the second group on free­

draining soils. Ordination of the former star.ds (Fig. 5) depicted 

groupings which represent habitat types 12, 1:3 and 14 in Table 3. A 

fourth group .ras con:pri:=ed of stands dominated by the herb Cyathula 

erinacea. It is surn-ised that the localized dominance of this herb 
) 
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in each of the other 3 habitats ~~s due t o peculiar drainage and 

aL!.;:ali ni t1 cha racteri s tics . 

Or tiina.l:'on of t he re!l'.aini~ 109 stands on free- draining soils 

produced l ess clearly de fined results . Ivl1ile simij.ar trends were 

evident f er &11 stand combinations ordina ted , close s tand di s tances 

a~de gr aphic representa t:'on extremely di f ficult . Fer t his reason 

an orcin.Hed subsanp!e of 46 s taMS is presented in Figure 6 . 

Because t he i nterpretation was nct Significantly altered by the 

third axis , a t .... o dimenEi onal ordination is presented. 

The inve r se relationshi p bebieen the number of s pecies included 

in ~~ o~nation ap~ the extraction percentage of the mede l 

!=t"E"s ent ed a problem related t o ho .... · accura tely the ordination 

tech.~iq~e Fortrayed stand s:milarities . The dilemma lay between 

inch:ding species of 10"'" constancy ;.-hich · ... e r e of def i ni tive '1al\:.e 

and t he r esul tant decrease in ex t raction perc entage (how · ... ell the 

:::loce l portrayed the If.l. t r i x) . Percentage extractions are shown 

in Appendix Table) . In Fi gure 6 , the closely grouped cente r cluster 

repr:senti~g 5 hacitat s rrAJ be due in pa r t t o the t o tal extrac tic~ 

~rcenta6e of 50% "mch leaves Lik% of the total ·/<i.r'_abili t y of t.he 

r.Atrix l ef t unaccounted fo~ and thus could r esult in a clustering 

of envirorur;cntally unrela t ed stands . Anothe r reason fljr the close 

clustering r.ay he t.l-J.'! ltcdifyi ng effects of gn::.ing · ... mch have 

(I "::':'Sulted in a conve r gence of S=f differen~bitat tlpeS 

because of s imilar condition (high percent bare groW1d a .... ld low species 

~sity L. This was suggest ed by the prorlmity of the less severely 

modified habitat :::TPC (1,G) . 

-- ' 
j ~ 
1 ,', 

'. 

... l .. t 



y 

TPC~ 

~V 

(jPDCSG) 
•• o 

• 

O. · PDC(~G) • • 
~mTPC(WG) 
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Fig. 6. '1\10 dimensional ordination c.f 1~6 stands on free-draining soils (1) percent constancy. 
73 species). See Table J for explanation oj' habitat codes. 
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In summary, ordination of different samples at varying 

constanc,y levels consistently showed the most ~stinct 

clusters occurring with habi tab PD(sG) and GCAt (at) which 

represented the extremes along :l grassland-bushland gradient (Fil 

6). Habitats PIC (m) and GCAt (8) were the next most distinct 

habi tats. Astra tifica tion of ·.iOcx:U.and and wooded grassland 

habitats was evident perpendicular to the grassland-bushland. 

gradient. Along this gradient, an intermingling of stands in 

types ALAn (W/'tIJ) and TIC (~) :·ias shown in several ordinations. 

While ~any of the more dcminant species were common to the two 
--~-. ~ .-~ .. ~ .. ~ ~ -. - '~'.. . 

types, there were important differences which were reflected ~es: 

botanical cov-position than environmental characteristics. type . -~---~'---F __ '- -. ------- .. -- -.. --.-.- ~-",-,- ----.. --.. --. - -.- .... -... 
ALAn was charact~rized by higher elevation, higher rainfall, gre. 

forage production, greater topographical variation and attendant 

edaphic differences, and someliha t more subtle botanical differen( 

Thus the ordination technique. which is based only on floristic 

composi tion and assumes linearity, may not adequately reflect ree 

environmental differences since species' distributions may be beJ 

shaped (Ncy-Heir and Austin 1970 I Swan 1970). Aside from this 

problem and the multi-habitat clustering discussed previously, 

placement of habitats in Figure 6 corresponded to an intuitive 

positioning of the habitats relative to one another. 

~ Condition 

Socially and economically acceptable courses of action must 

derive from an ecologically sound basis for realization of long t 
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benefit from the range resource. Thus, an evaluation of condition 

must be based' on criteria cf environmental health i.e., are the 

functional aspects of a habitat intact? Dem:.dation and attendant 

erosion are parameters related to these criteria. Evaluations of 

condition are· also based on st.:mdards defined by socia-political 

objectives. For the study area with the erephasis on cattle and 

ldld ungulate grazers, maximization of the grating resource on 

a sustained yield basis is a logical objective, combining both 

socio-political and environmental objectives. The American SOCiety 

of Range ~~ement (1964) defines condition as lithe state ar.d 

health of the'range based on what that range is naturally capable 

of producing. II Tnis implies that an assessment of condition rr.ust 

relate to i potential. In this case "potential" was inferred by 

cbmparing ~reas and stands located in the same tabitat type but 

having different management histories, or by comparison of an area's 

vegeta tion lri th; a reconstruction of i is previous status. 'The assess­

ment of habitat condition 'lhich follows focuses on habitats \-tithin 

the, cattle be14and is based on results of vegetative sampling ar.d 

interviews with ~~sai regarding habitat char~es and forage sui~-

ability fo~ cattle. A list of co~~on grass species, their ~~sai 
i 

names and Maasai rated palatability is provided in Appendix Table 4. 

The entire habitat ty[.e PD (sO)'was subjected to quit~ heavy 

grazing pressure by both cattle and wild ungulates (\dldebeest and 

zebra) in the wet season and pri~arily cattle in the dry season 

(Fig. 7). A former colonial range officer described the Simanjirc 

~ .' ~t;~~~::;' .'J>, ,)~"r--:'':~~ ,{,,-
b:.w~yrilit\~iVNi~g.K i~.:.'Oit~'h it ' tit 



Fig. 7. Heavy grazing pressure on the Sirnanjiro plains, south 
Haasailar.d, habitat type PD (sG). dry season 1975. 
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plains in the 1940's as a sea of red oats grass (Frank Miller pers. 

cClllr.IuIlication). In the 8 sample stands, red oats grass (Themeda 

tria~ira) averaged less than 2% cover, suggesting a marked decrease. 

A relationship bebl'een maintenance of Themeda grassland and fire has 

bE.'en ~'lgges t,.Jd (PTa t, t aric Gwynne 1977: 89, Lind and Morrison 1974 :89) • 

Since the t~;o daIr.s \,zere builtin the early 1950 IS, fire has been 

virtually excluded due to an increase in grazing pressure. Grazing 

pressure may also account for a decrease of ~ as it \-las sho~m 

to be more susceptible than Digitaria rracroblephara and Pennisetum 

meziam.:m to defoliation by clipping (Ndawula-Senyimba 1972). A 

decrease of Themeda which is of medium palatability (Appendix 

Tacle 4) is no great loss, particularly if the highly preferred 

short stoloniferous grasses (Panicum coloratum, Digitaria-macro­

blenhara) w~re favcred as a r~ 'The emergence of species. such 

as j·!icrochlca ~ (pratt and (ft/yrme 1977 :62. Hea.ciy 1960). 

HarFachne schimceri and the thorny shrub Barleria ramulosa indicate 

that grazing pressure \iaS beginning to have adverse effects. When 

:1zee Hassan first moved to the plains in 1938. the presently 

.ubiquitous thorny seeds of Tribulus terrestris were nonexistent 

on the red soil areas. The sea of. red oats grass has been replaced 

by periodic; wet season blooms of the armual l-leed Astripomoea 11.yo­

sCJ~mcides (Fig. 8). ~~an perermial grass cover of the plains was 

40%, ranging from 28 to 51% depending mainly on grazing pressure . 

but also on position relative to drainage (moisture gradient). If 

as is generally accepted for most open country in East Africa. the 



Fig . 8 . BloCM of the al"'.l'Jual -"'eed Astriecmoea ~rosc.,.a.'t" ides on the 
Sir..a:njiro plains , 50u'th l·\aasailand, haoitat. 'type PD (sG) , 
\iet 'season 1977 . Saree site as Fig. 7 . 
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grassland \'las i n the rAlst fire induced and _sj,lbsegue nil;{ zr.ai!1tained 

'::t:! braz i ng , tne continuaticn of pr esent. trE:ndS~d sug&est. tr.at 

a gradt!al r eturn to I'oodlad can be e:{jJected . :l:~generati!"'.g ~ 

anri Corrmiphora ~pecicz ~~ere r-r~sent on certain ridz~:; ana 1m; 

hill~ , a t.rend a1:;0 noted by Kanur anal'obil (1976) . E:t3Jnin.l.lion of 

soil characte r istics to a depth of 2 .; m r evealed no ostensible 

eC.:lphic r easons f or the gras31and . 

E:l.bit.::;,t ty;>e PEe (1-.0) has a histor'J of high gr a dng pressure 

by I'".ixed ca~tle Ci.nd wild un&ulates in the wet season . Over hal!' of 

the area \;as also gr a=ed by cattle in the dry se.l.son . He3.n per ennial 

gl'a::s cover ~;as 27"f, . ranging f r om l~ on stony (quar tz) hill -

ocks or a r eas of extreme gradng pressure to ;5't on sit.es ·'Io."ith !l 

hi s tory of less cattle use . The prese nce of annual weeds ave raging 

15'; cover , anli thf! r ela tively 1m; per ennial grass cover ove rall 

inCicated tr.a t conditio:'! lias ~elo\" the potential. , 

The degr aded l1.L'1it (CPO: (\'lJ ) ) ha s , because of it:; pro~.ix. ty 
, 

to perr.anent ~Iate r in the Kitiar.gare , been adve :'se lj' nodified to 

an extr e:r.e by 1ivestcck , nean j:erenr.ial gr ass cove r ',.;as a r:;e r e 5% 

l-.1,th forb cover aver aging ) 2", . 

Habi tat type ') (Tabl e ')) containing ') lI'ain condition classes , 

pr ovided insignt i:lto the effects of diff er ent :-ar.age".ent. histories , 

Habitat He (YlJ) (Fie , 9) was character i=.ed by 1Q'.' to :r.ediu,-: g, a ::.in& 

pr essure by a :rri.xtur e of cat~le and ' .. ild ungulates (I'!ainl.v z.ebra-

we t , klngoni - c.ry) . For') sites having a r..i:;tOr'1 of j:ri:rarily cattle 

use , nean perennial gr as s cove r ,,-as 27"/. cor.!='lred to 57% fo r 5 exclu-

, , '" .\. .f ~" -~ :" ·,1 , -

I ' , 
><.ti 

~, f",l 
I ' tit C ~ 
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rig . 9 . p'a":>i -:..at TFC (' .. ~ ) I souto Ha.a.::ailand t 1971 . This Ther:eCa­
~"lic;;r:-Cor.r..iD~ora · .... ooci.ed grass lar.ci habitat has a history 
of Ug:!1t g!'azin~ ?r~s5ure by wild u.'1.gulates . COMpare 
gr ccnd cO'ler ·,d. t h Fi&: . 10 . 
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sively wildlife sites. 

A higher grazing pressure b,y cattle in the wet season differ­

entia ted habitat mTFC ('...u) from the above habitat. This was reflected 

b,y a drop in mean perennial grass cover frem ~ to 2l~. 

Habitat dAC (\i/m) (Fig. 10) was extremely degraded due to a 

history of intensive livestock use made possible b.Y the large 

watering capacity of the river and the tsetse clearing scheme by the 

colonial government in the 1950 1 5. Perennial grass cover averaged 

only ~ and regenerating Commi phora schimperi. Acacia tortilis and 

!. senegal dominated the overstory. A co-dominance of the former 

was reported in colonial records (Annual Report of the Tsetse Survey 

and Reclamation Department 1958), but no mention was made of Acacia 

senegal and its present dominance is probably attributable to 

disturbed conditions. A list of understory species and their 

present abundance relative to before the tsetse clearing was recorded 

from Maasai elders and is presented in Table 4. A comparison with 

Appendix Table 4 shows that the grasses ~ihich 1".a .... e decreased are all 

palatable. ~ihereas those grasses which have increased are relatively 

unpalatable. 

The effect of different management histories cn bare ground 

and perennial grass cover in the preceding J habitats is shmiIl 

in Fig. ll. With an increase in grazing pressure, bare ground 

increased while perennial grass cover decreased. Cattle are 

largely responsible for this trend because of greater numbers 

and a restriction ~n range rather than inherent feeding traits. 



Fig. 10. 
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Denuded Acacia-eo~iOhora (regenc~a~ing) wooded grassland, 
south Maa-;arra:"1d, 1977. Habitat CAe (W/WJ) has a ilistory 
of ex:'re::-.e grazi.'lg pressure by ca t tIe. Compare ground. 
cover with Fig. 9. 

";----" 
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Table 11 . UndCl'stOl"Y ~pecie~ and their abundance in 1977 relative to before the tsetse 
cle&.ring (1950) at Loibor Sirret , south Maasailand,habitat d.A.C (W/I·G). 

Gl'as~cs YJ)l.ich _ 
have decreased 

Dhd taria milan jiana 
.Q . rrncroblc:pral'a* 
Pani cum colol"aLum· 
~s cilial'i sot 
1'hemeda t~· 
CtilOrIS r oxbu r ghiana 
Erar,ro~Lis ~ 
Soorobolu$ fimbria Lus 
Cynodon nlcml'ucnsis 
Scl.1ria s pp . 

, 
Fo r n'c rly most.. ab\llldant.. 

.{irasses whi ch 
have increased 

Aristida adscensionsi::; 
Chloris virgata 
~I~ianus 
Microchloa kunthii 

Forbs which 
have inc r eased 

Tribulus terrcstris 
Solanum incamun 
Cassia mimosoidcs 
Sel·icocomop:.;j s 

hilde bl'an tii 



100 

90 
LLI 
(!) 
<t 80 a:: 
W 
> 
0 70 
U 

C 
Z 60 
::l 
0 a:: 
(!) 50 

I-
Z 
W 40 
U a:: 
LLI a.. 30 
Z 
<t 
LLI :e 20 

10 

GAAZING PRESSURE INCREASE-

TPC(WG) 

WI LD UNGULATES 

~ BARE GROUND 

0---0 PERENN IAL GRASS COVER 

mTPC (WG) 

MIXED 

dAC(W/WG) 

CATTLE 
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Fig. ll. Maar. percentage of bare ground and perennial grass cover 
in J habitats of similar potential but with different 
animal use histories, south Maasailand, wet season 1977. 
See Fig. 26 for WlgUlate densities in these J habitats 
for the wet seasons 1975-76. 
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The Aristida - Cozr.1Iichora wooded grassland type was of low ;:oten-

tial because of soil charac teristics and rather low rainfall compared 

to the former types . Wild ungulate a."ld cattle use ', .. as cons'!!quently 

mininal. On a site ' ... ith 10-.1 grazing pressure by • .... ild. ungulates 

(Ol""JX, kongoni). herb cover was 7C1> of whi ch about 20% ' .. as perenr.ial 

cover (~ - Dica."lthiu .. ,) ,.nth the annual grass Aristicia adscen-

sion515 comprising ;r:cst of the reraining cover . On a cattle site 

with higher grazing pressure , herb cover drcpped to 2e~ (Ari3tida) 

and there was almost a total 10s5 of per ennials . 

Eabitat type AlAn (H!~'N) is at the highest elevation c..nd 

received. the most pre-cil'ibtion as reflected by the pr esence of semi-

deciduous trees an~ a taller grass conponent . Grou.~d cover averaged 

6C1> . the bulk of wr":'ch was ~erennial gras s , ~o",lgh terrai:1 , fe .... 

ephemeral water pools and taller less palatable gr~sses (C~boEog~n 

exc"'Vi!.tus) prcbably contr:.buted to light us'! C:,.' ',. ilo. gra::e::-s . r:.igher 

disease ri sk t han in previous a r eas ar:d I OrT car.acit.y perna.:1ent 

·, .. ater sources helped to maintain an equilibrium bet'"een dOMestic 

grazer impact , fire , and succession , 

In 2.ll of the prE-Cedi:1g habitat types, fire has been ins tn:.-

IT.ental in either induci ng or wAintaining the open rature of the 

vegetation , The ~hicke r bushland. ~citat (Fig , 12) ',,'as restricted 

to the lower elevations where rainfa~ was scantie r ap~ ~ore 

strictly seasonal. HoDdy species '"ere :a'.'ort.d as !'orage producticn 

was generally insufficient to allew for fire s of the i:1:eniii ty 

rcquir e,d to check the forces of succession , In openings , annual 

gra::sesdo::lir>.ated regarciless cf gr ... zing pressure . ;{o'lo.'ever, u.".cie r 

L I' .' 'fJ' " ' .... ".' 

t;,l .:, ~ 

I' 
, 

'/ ; j, r! ,',(t , " r t .~ , -,~ 
, 

":i:~. ..... 1 • ...... .. , .... , .... 



rig . 12 . iJ :- <;:! ·. li:l.- Col"'J':'; ehor.:t.-Acacia torti:i:; !:lUs~and , habitat tw­
GCAt (:9) , south j.f.3,3sailand , dry season 19n . 
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hieh gra~ing pressure the usual ~ cover was often replaced 

b.Y speci es such a~ Tragus berteron:anus and t he forb Tribulus 

terrestr i s , am pe rennial grasses ('!herneda , Chlori s rOYor.:Ul'bhiana, 

Enteropogon macrostachyus , ~ ~) were readi.ly lost . 

cattle .lere obser:ed br owsir.g in bu:::hlanc , and !1aa$ai from these 

habitats asserted that during tL~es of stre ss , browse was a coumon 

constituent of cattle diet . 

Eabitat types 12 , 13 and 14 (Table 3) were influenced rr.ore by 

eCa~'ric and drainage factors than by the pre'/ai lin& cli;,a tic r egi.:ne . 

The effects of subtle envircnmental differences (alkaiinity!salinity 

and drainage) wit.hin the units , .. ere difficult to separ ate f r om 

effects of grazing ar.d fire , ~nJi hence ~ake a.~ evaluation of 

condition questionable . Furtherrr.ore , the gr ass compcner.t in habi-

tats POCA .. 'Il (GiEr.G) and Pm (G) was domina ted by Penr.isetillll rr.ezianurn , 

an unpalatable species particularly in later growth stages. Dl'Iasion 

of this gras~j..and by herbaceous sJ:€cies '"as thus not r:.ecessar ily 

negative sio=,e :r.a.ny of these species ..... ere r~adily eaten by li'fe­

stock an.ci erosion in these 10-" lying areas '-ias i:"lsi gnif:'cant . 

The gra~s Sporobolus helvolus dCIl'.inated ty-pe Sh (G) cn saline 

soils a11(i 'h'as the prirr.ary dry season forage of cattle in that area 

(Fig. 13 ) . Using th.e step-paint procedure . transects · .. ere rwl in 

cattle areas. for co~pariscn n~th less utilized areas in the ?ark .. 

Near the end . of the dry season , mean tare gr oW1d in thE- park ... '3.S 

56% (6 transects) com;::a::-ed to 87% (10 t ransects) in the cattle 

area . Grass height ave::-aged 45 cm :'n the park cc~~ared to ) c~ 

/-:"" 



Fig . 13 . 
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Ca t.tle on c::'osely cropped Scorobolus helvolus grass land 
during the c...""Y sea.son , ha.bitat type Sh (O), south H.J.asaila.."ld, 
1977 . The c.aile r- grass Sporobolus consir-"41 ~ s is considered 
to be a salt indicator (llnd and Horrison 1974:174). 

~---' \.; 
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in the ca+.tle area. Cattle lost condition anel scmP. cattle owners 

resorted to incursions into the Fark. This was despite underutilized 

rna. tUre Pennisetum mezianum grassland -,d thin grazing distance. By 

the end. of the next growing season" cover and grass height bet'l-,een 

the two areas "laS visually similar. indicating a high tolerance to...., 
-

~azing BY Sporobolushelvolus (stoloni~ Despite shortages 

of forage. it appeared that these ledaphic l habitats were ~ore 

tolerant of high grazing pressure than r~bitats on free-draining 

soils. 

In summarJ, obseI""lations during the period of study and 

information from Maasai co~irm that a dry season shortage of forage 

was the rule rather than the exception. L"l years of extreme drought 

(196C-6l) mortality is high. lihereas in normal. years only a few 

cattle die but most ,lose "condition ll• 'nUs i..":lbalance between' 

grazers and forage is reflected in adverse trends environmenULlly 

as well as in tems of the grazing resource, Comparison of habitat 

parameters in areas of similar potential'but different ~Anagement 

history indicated that the condition of over half of the cattle 

belt (that area to which cattle are restricted primarily by disease 

and water constraints) was below potential. \vhile use by wild 

ungulate grazers has contributed to the condition. it is chiefly 

attributable to cattle because of their greater numbers arJi 

restricted distribution. 

~ Ana.ly~is 

Samples of a red clay loa."I\ soil of habitat PD (sO). a red loam 
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of :-.ai::it<~t riAe (W(G; . a brown sarldy l oam of habitat GCAt (B/Bt) and 

a h~aV"J 'clack clay 'Jf habitat PIr.(G) ..... ere sent to I3amungu for anal-

:IS i s . All foU!' sc:')..J contained adequate nitrogen , were bgh in 

potasSi'.ln a..'1d low ::1 !=hos?horus . 'The or ga.'1ic !!'..3.tter content of 

the sa!'47 loam (bu:::,,:ar~) and the heavy clay was 10 .... (low organic 

pool of ? ) , indic .. ·.'~!"Ig ~hat phospho!"'JS rrAy be limit-ing . 'These soils 

had a high pii: (7 .E- } .2) . · .. hereas the tH of the red clay loam and r ed 

loam soils \-.'as ju:: - ::e10H' neutr a l. 

Grass A.na.2.ysis 

Leaf samples :':"om .3 gr ass species Ke r e anal.vzed for m;.t :-::'ent 

cor::;::ositi on ar:cl. g :"r::!$ em·r gy at Vi rgini a ~lytechrd.c Inst.itut,e, ar.ri 

State Uni'ierdt:t . ~e :::a:nples ..... e r e collected duri\-6 February and 

}!arch :;r..S:1 t..'1e gr a:::;es i"-ere in the head- emergence to early- bl oom 

g ::- o-..-th sta~e . The ;'esu:ts of proxill'.ate analysis s howed that crude 

protein levels for ~r~sses doninating t~e shor t grass land and wooded 

gr assla:ic (?an:elL"!'j colcratwn: 20 .$',t , Digi b.ria macroolechara. : 18 .8,-,) 

... e~ hig:'e:- than tho:::e fe r the dOIJl.inant gra3s (Then:ecia triandra : 

9 . 5~) in the talle r gr~ ss ' ... ocd~ habitats. ?rotein le\'elz fo!" grasses 

corr;~o:'l.1y associated ... i.th ~ "der e 1m .. f or Dieanthiwr: ~ (ll~) 

and ~ roxa..trehiana (12',t) , and high f or Digi t.aria Jl'ilonjia.'1a 

(17 . ~) . ~bolu5 helvolus , which domir-..ated the medium height 

edaphic gr assland , was relatively high in Fotein (1 5 . .5',t) , wher eas 

Urochloa r:ossar.bi-::ensis in the bushla.'1d .. -as low ( lO . l~) . 

Gr ess er.e rgy ... a r ied little among the grasses '..nth a mean of 

4592 (ra:"~e fr~ 4265 to 4932) calories per gr~ . Similarly , the 

'( c:.I::.~ ·Vl).-,,~ .. 

., . 



~ean percentage of total nonstructural carboh:rcirates ( Ti:C) "'-a~ 

16 ,~ , ranging from 14.7i to 19 .~ . 

Percent calciun diverged li ttle acong all g. asses (~ea.~ = C .2~ , 

ra~~e O.25i - 0 . )9%) except for Urochloa ~~ss~bicensis (0 . 7%) . 

Calcium:phcsphorus ratios ranged fro~ 0 .80 to 1 .62 (mean = 1 .20) 

in the fomer grasses and · ... as noticeably higher (4 . 0) for Ur0Chloa . 

Tsetse Fly Distribution in Rela t i on ~ cattle Concentration _~eas 

The distribution of tsetse flies was of i mportance to thi s 

study oecause tse tse a r e the inte~~~te hcsts for several tr'~~o-

~otT.es (Trypanosoma) :.lhich are pathogenic to l!'.a.n a nd dOIil~stic li .... e-

stock . The tr,rpanoso~es a r e flagellate Protozoa re~ponsi~le for 

diseases knOlffi collectively as trJp:mosornia s i s . including sleepi!'lg 

sickness i n man, and nagana in cattle . P.aving e-lol'led wi t h the 

trypanosomcs . 'Wild ungulates have acquired an imuni ty . Ccnsequently, 

their distri~tions are little affected by tte ~resence of tsetse . 

Cattle distribution is directly affected ~J tsetse fly a~~n~ce 

and. cattle number s are i,n.ciirectly affected l:y ,,'ild ll..'1g'.llates A'ho 

act as rese~loirs of the pathogens . 

out of 1)2 tsetse caught at ran::icm ' .. h:ile ari'ring through the 

area , 85 were Glossina swynr.e r torlii , )0 wer e G. morsitans and 17 

wer e Q. . oallidipes . 3ased en these :'dent1fications , Q. £I.-:v;mertonii 

and 9.. r.:orsi~s di s t:-ibu t i cns WTe o·terlapping a.."1a -..'idesj:reaci '~'hile 

Q. . -oallitl1ces 'lias r es t.ricted to thick clI.: shland r.a.bita t a!'.d ri;'e:-ine 

thickets . Tsetse were rarely found :'n t.he ' ec:aFhic ' r.a.citat;; cn 

seasonally '~-aterlcggeci soils ar:c. ' .. ere acscnt. from .;rasslal1d and open 



70 

wooded grasslar.d cn free-draining soils. Absence from these open 

habitats is most likelY due to a lack of suitable shade for adult 

resting sites and dessication of puparia exposed to sun and heat. 

These factors combined with a greater dispersion and abundance of 

hosts, probably account for the increase of tsetse in both number 

and area during the wet season. 

In Fig. 14 the cattle belt is depicted in relation to tsetse 

infestation during the dry season. Permanent water sources and the 

location of settlements surrounding them are sholm to illustrate the 

foci of cattle concentration during this season. The mean distance 

from settlement to water source was 5.5 !an (n=67). The Il'.a.xinrum 

distance observed was 1).75 km. The normal dry season grazing 

pattern revolved around the practice of watering the ca~tle every 

second day. On one day the cattlE!" were dIiven to water in the morning 

and grazed in the afternoon up to a distance of a few kilometers on 

the side of the settlement opposite the water source. On the 

alternate day they were herded in the same general direction up to 

a distance of 1; km from the settlement. This dry season pattern 

of grazing is a well established practice as indicated by the fact 

that the Maasai .have a "tlord for the day the cattle go ld.thout water 

(Aruni), the day they go to Ka tar (Qkoree) and the day they go to 

water but find none (Kitalengare). 

~'ihile cattle were grazed ~hroughout the cattle belt in the 

wet season, grazing patterns and/or settlement locations were altered 

to conserve forage for the dry season and to allow for greater use 

of areas at the perimeter which were relatively i~~cessible duri~~ 

".,::'1:-

.. ' : . ',.':; 



TSETSE INFESTATION CATEGORIES 

VERY LIGHT 

LIGHT 

• MEDIUM 

CATTLE BELT: -"-' 

WATER SOURCES AND 
SETTLEMENT LOCATIONS: 

SCALE: 

I I 
KILOMETERS 25 

N ... 

Fig. 14. Cattle concentratior. areas in relation to tset3e dis~ri­
bution, dr,y season 1975, in the st~dy area, so~th 
Maasailand. See Table 1 for de£ir.itior. of tsetse infes­
tation categories. 
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t he cirj- sea son . l.'18Se concentr ation area:;; and their relation tv ;.;e t 

season t setse di.:trlbution a r e shmm in F:.g . 15 . As disc,i.ssed i n 

an earlier r 8!=ort, (Peters on 1975 ) . cattle grazing patterns were al so 

aff ectr::d in JanuarJ and February on a localized scale , by }~asai 

avo::"C8ice of ;.;ildebees t cahing areas and t he associated risk of 

rn:l.ligr>.ant catarr~al fever . 

IT. s ur:ml8.r:, . both tJ;,e dry and '<iet season cattle ccncentration 

a r eas were r e l a :.bel y tsetse free (Figs . ll~ and 15) · This sugges t s 

tha t tsetse i nfes tation ',;as one of t he mai n f actors restricting 

the distributio:", of ca t tle wi t hin this area of ~~sailand. 

Cattle ~ T ... ~ld Ungul a t e Distributi ons - Dr! Season 

Data are pr--: sented from ccunts of ,,"i1d ungula t es and cattl!:! at 

6 pcr ::>ar:ent wat o!" sourc es . Sources excluded a r e those from ;.;'hi::h 

'dild Ilt:g;,:lates '~'~ re a'osent or limited i n number due to the p..ature 

of the sourc e (a~ce ssibilitJ/capacity) or a history, of harras sment 

by humans . DrJ t;~ason popula t i on estin'.ates derived from act';.l.al and 

~rack counts at ill ~rT.anent water scurce5 are present ed f or water -

de per.c.ent wild u.ngulates in Appendix Table 5. Kongoni a r e not 

i ncluded ar:ong 't hese es t irrates because , while they did drink if 

· .. -ate r \.;a5 availabl e , th~y wer e more often f ound in habit.a.ts ·..;ithout 

water . !hey are , hOl,ever, included in the data for the 6 water 

sources . s i nc e the cb~ective was t o i llust.rate the r elative abundanc e 

of ',;ild ll."1gulat es 1:1 rela t i on t o cattle r ather than absol ute number s . 

ldater i ndependent s~cies were not counted l::p.caU5e of t he method 

8::!ployed , but their pr esence/a bsence in t he surrounding habitats · .... as 

----' - .. ; 
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TSETSE INFESTATION CATEGORIES 
VERY LIGHT·· •••• 

LIGHT 

MEDIUM 

HEAVY 

CATTLE CONCENTRATION 
AREAS: C;' 

C' 
I 

SCALE: 
I I 
KILOMETERS 25 

.N .. 

Fig. 15. Catt1~ concentration areas in relation to tsetse distri­
bt\i:ion. wet seasono 1975.-76, in the stt;.dy ar~a. south 
Maasai1and. See Table 1 for definition cf tsetEe infesta­
t~qn categories. 
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recorded. 

en the basis of observations by the author ° and infor~ation from 

the literature (Dorst and Dandelot 1969, Pratt and Ow.;'TU1e 1977:226-

236). ~,ild ungulates for '..zhich the counts were reliable are grouped 

:'nto 2 broad qualitative food-hat.it categories. Elephant (Pratt 

and Gwynne 1977:227) and eland (Hofuann 1973:267) are generally 

considered to be mixed-feeders lihose diets vary with seasonal 

and regional resource availability. These tliO species, along with 

r!Uno, are categorized as browsers. A suitch by eland. from grass 

in the wet season to browse in the dry season was reported by Field 

(1975). 3ui!'alo (Lamprey 1963. Sinclair 1977:76). wildebeest and 

zebra (Gh-ynne and Bell 1968, OIofaga 1975) and kcngoni (Casebeer and 

Koss 1970, Gosling 1973) are almost ex~lusively grass eaters. 

'!"ne nt-nbers and biomass of these 2 groups of ungulates lofere 

ccmr-ared lath those of cattlt\ which are primarily grazers. The aim 

toms to indicate; SOme possible interactive effects among ","ild 
! 

ungulate browsers, grazers, and cattle based cn their relative 

abundance at different water sources during this time when forage 

and "later resources were most limited and t.,.hen th~oretically, 

intersp~cific competition should be greatest. Since the surrounding 

habitat an~ the type of water source influenced the relative degree 

of use. those sources which were most similar in terms of these fac-

tors were paired for comparison of animal n\~bers and bio~ass (Fig. 

16) • A 10 kIn radius ~"'as chosen for con:parison of the babi ta ts 

circumscribing the respective water sources. Western (1975) found 
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NAING'OLGAWAN WATERHOLES LESOIYA WATERHOLES 

MONDUI RIVER SPRINGS LOIBOR SIRRET RI VER SPRINGS 

ELUENYE DAM SUKURO DAM 

Fig. 16. Percentage of habitats within a 10 len radius of 6 dry 
season water sources, south MaasailaJld, 1975. See Table 3 
for eXplarAtion of habitat codes. 
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that a 10 km profile around permanent water in Afflboseli enclosed 

ee~ of the water-bound domestic and wild herbivore biowass. The 

number and species of ,dld ungulates contributing to the grazer 

and browser cat~gories for each of the water ~ources is shown in 

Table 5. Hean weights usee. to calculate biow.ass and the .iiources 

from which they were obtained are given in Table 6. Cattle numbers 

were obtained bj multiplying the number of sett~ements using a 

~~te~ source by a mean of 373 cattle ~er settlement (n = 32). 

'At both ,.,aterholes (Fig. 17), cattle dominated numerically 

both over ldld ungulate bro\oIsers and graZ-l!rs iII that order. 

Comparison ~f the 2 waterholes sho'''s that a decrease in cattle 

numbers from 2,2)8 to 746 (67~) corresporned to an in~rease in the 

number of ,dId grazers from 12 to· 262 (2l0t},t) and a relatively smaller 

increase orl'dld brO\,sers from 304 to 586 (93%). Regarding biomass, 

the relative position changed so that wild ungulate browsers 

I dominated over cattle followed by ,d.1d grazers. The high bionass 
I 

of ;dId brol,sers: (las a function of the surrounding bushland habitat 

and consequent preponderance of ele~hant. A 67~ decrease in cattle 

biomass corresponded to a 33-fold increase in ,dId grazer biomass 

and an 89% i;ncrease in wild browser biomass. 

Al'llong ~he wild ungulates counted, 12 old buffalo bulls were 

the only grazers represented at Naing I olgawan ~ihere cattle numbers 

and biomass 'lere high, especially considering the type of (bushland) 

habitat. At Lesoiya, '-there cattle numbers and biomass dropped, 

bui'falo increased to 205 and zebra (50) and kor.goni (7) ~"are also 
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Table ,. NUlllbers and species of h1.1d ungulate grazers and browsers 
at 6 water sources, south Maasailand, dry season 1975. 

Grazing Browsing 
Water source species (n) species (n) 

Haing'olgavlan Buffalo (12) Elephant (287) 
waterholes Rhinc (2) 

Ela.'1d (15) 

Lesoiya Buffalo (205) Elephant (51;.0) 
waterholes Zebra (,0) Rhino (7) 

Kongoni (7) Eland (39) 

Loibcr Sirret Buffalo (131) Elephant (127) 
ri'ler springs Zebra CJ9) Rhino (16) 

l!on1ui Buffalo (453) Elephant (53) 
river springs Zebra (41) Rhino (7) 

Kongoni (47) Eland (89) 

Eluenye dam Elephant (a) 

Sukuro dazn vlildebeest (65) Elephant (11) 
Zebra (7) 
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Table 6 . 1~~a..1 :':eights us'Xi in ungulate biorru!:s calc~uation.s . 

Plean 
Specie:; Hei ght (kg) Aut.hori ty 

Elepila.'1t )000 t·.'<!ste r " (1975) 

Rhino 999 Fos tsr and Coe 
(1geo ) 

!3uffalo 499 Foster and Co, 
(1<;68) , 

Elar.d JoJ : oste :- ;;."d CC':' 
(1968) 

Cattle 277 Fo::; tel' ar.c Coe 
(1968) 

Zebra 2)8 Foste r ann Coe 
(l96e) 

\oJildebee s t I 166 Foste r and Coe 
(1968) 

i(ongoni 1)6 F·)s t er anc. Cee 
(1968 ) 
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represented among the grazers (Table 5). Species not counted but 

recorded in both areas included impala, giraffe, greater kudu, lesser 

kudu. warthog. bushduiker, and dik-dik. 'nl.e only grazer among these 

is warthog whose }:resence at Naingblga\,an to:as probably attributable 

to its preference for verJ short grass (Eltringham 1974). Another 

grazer. oryx, occurred only in the vicinity of Lesoiya. The counts 

and presence/absence records suggest that the gr~ater abundance 'of 

catt~e at Naingblgawan resulted in near exclusion of wild ungulate 
I 

grazers with relatively minimal effect on wild brc\Olsers. 

Information collected at the two river spri!'lgs (Fig. IS) shO"ws 

that the large' number of cattle at Leibor Sirl'st compared to ncne at 

Mor~ui corresponded to an increase in number of wild grazers from 170 

to .541 (21e~) and a negligible increase in "the number of .dld crollsers 

from 143 t~ 149. Idild grazer bicmass similarly increased by 224;t but 

wild browser biowAss decreased qy 5C~ large~' because of the greater 

proportion of e~epha.'lt among the bro,.,sers at Loiber Sirret. Obser-
1 

vations ind;i,cated that wild grazers drinking at Loibor Sirret pri-

marily utilized habitat in the Park where cattle were excluded lJ., la,., 

and the presence of tsetse. liere it not for this habitat l.'ithin 

reach of the river (9 km). wild grazers would probably be even more 
I , 

poorly represented than the counts show. lMle the higher biOll'..ass 

of browsers at Leibor Sirret may partially be due to the above, it is 

also indicative of the greater compatability of ,dId browsers and 

cattle. 

Kongoni occupancy showed a similar relationship to cattle 

, I,f'" 

"f;' 
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n~undance as at the '.-ro.terholes . Thei r presence at !-lor.dui but absence 

fron the cattle area at Loitxr Sirret suggests that they '{ere one of 

the ~rilci grazers least compatible with cattle . Alr.or.g the species 

not CCU!1teci. , giraffe , imr:-a1a , greater kudu, lesser kudu , ',;arthog 

and dik- dik w:ere con:r.cn to both areas . As ' .• as the case in the 

\-.'a.terhale habi ta ts . these species appeared to be ml<cn l ess affec tt.-d 

rrJ catt.le abunc.ance than Hild grazers . Gra:1t' 5 gasellc ',.;ere recorded 

More f r equentlY a t Leibor Sirret . support.ing t.he 'lieu th::. t their 

preferred foods are those plant species which in"/a.C.e or dCir.ir..a te 

abused ar.d overgrazed lar.cis (Talbct and Talbot 1962). 

The results of the COIl."1ts at the river springs shc·wa gr eater 

number of wild U!".£u1ate gra=e::,s ~~here catt.le ',,,ere absc"t th"n .... he:-e 

they were arndant . The re'/er se · .... as tn:e for '..rild bro~:se :-s fol' 

wb-.ich co;r.pet\Ltion ~ri.th cattle .... -as ap~rently rU.l".irr.al because of 

ecological .ser:a..rat.ion ef:ecteci by br oad food h;.bitat difference.;; . 

Eo th cia..'7'..5 (fig . 19) had a ve ry large numl::e r of cattle drir:hng 

a t them ~{hich pr~cludes com;:ar ison of one "gainst the othe r to 

inCi~ate possible effects of cattle abuncar.ce cn k"ild ungulate 

r epr esentation . EO;lever , at e<ich cia..'ll the large r.umber of cattle 

correSPonded i to.Similar r epresentation by wild tmgul2.tes . There 

',.;as no wild grazer bio:r.ass at Eluer:ye ane only 0.4"; that of cattle 

at Sukuro. Far both cams :-dld gr azers -';81'8 :-8prcsented O-J a total 

of 65 lrildebeest and 7 zebra , a. sharp contrast to the t otal of 

21 , 000 cattle and the thousands of wildebeest ane zebra found in 

the saIr.e a r eas duri:lg the · .... et season (K .. hurana.'1ga 1976 and t.his 
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study) • A family group of el~pha.nt at each dam represented the 

only \iater-dependent browsers recorded. '!he lOll number of bro.lsers 

was more a reflection of the surrounding short grassland and 

seasonally ~.,at9rlogged habitats (Fig. 16) than the large number of 

cattle. Species not counted which were common to both areas, and 

apparently less affected by high catt.le numbers, included giraffe, 

Grant's gazelle and a smaller numbt!r of ill4pala _ .... lui Thomson's 

gazelle. 

: Counts at the two dams s~rounded by rr~inly 'grazer' hab~tat 

showed that the large cattle numbers in the drJ season corresponded 

to almost negiigible representation by lIild grazing ungulates. 

The contrasting high occupancy bJ wild grazers in the same area 

curing the wet season, when resources were abundan~, suggests that· 

resource c~mpeti tion behreen ca.ttle and ,dId grazers ~;as occurring 

in the d-f'J season ,d th cattle outcompeting the ~dld grazers • 

. In summa~), there was a considerable numerical preponderance 
I 

of cattle wherJ they occurred togAther ldth ,dId ll.Tlgulates. 'ibis 

\-laS also true ,'lith regard to biomass ex.:.:ept at the waterholes 

surround.ed .by bushland habitat where elephant Here well repr,=sented. 

The largest number and greatest biomass of wild grazers occurred 

t d · I. . a Hon m n.ver spn.ngs where cattl~ ,"ere excluded because of 

tsetse. However., even at Hondui the nur.!ber (541) and. bionass 

(242.650 kg) of ,dId grazers ,,,as only 10 and 16 percent, respectively 

of the number (5,595) and biomass (1.549,815 kg) of cattle drinking 

at Loibor Sirret which liaS surrounded by similar habitat (Fig. 18). 
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while the relatively ION nUIllber and biomass of wild grazers in 

this case ~ay have been partially due to a limited watering 

capacity and human harrassment at Mondui, the comparison is 

indicative of the greater tendency for cattle to occur in large 

concentrations (high densities). Some consequences of this on 

habitat corrlition and wild ungulate distributions have been 

presented. 

'The proportional bioll'.ass of cattle, wild brolisers and wild 

grazers is presented in Fig. 20 for all 6 ,rater sources. Cattle 

biorr~ss comprised 7~, wild browser biomass 26~ and wild grazer 

bior.'.ass 4'f, of the total. 'The majority of water-dependent ldld 

ul'lgulates \iere included in this calculation, but cattle drinY.ing· 

• at 6 IT'.ajor to/'ater sourceS (from which wild ungulates \iere"-absent 

or lill'i ted f \iere excluded. Thus, for the area as a lihole. cattle 

biomass \/ould ll'.ake up an even greater proportion of t.he total than 

c!epicted in Fig:. 20. The point is first, that cattle overwhelmingly 

c!ominated wild Ungulates in number and bio~.ass during the dry 

season. Second, 't1ild brOlising ungulates were better represented 

than 'Nild grazers. Based on counts at the few water sources at which 

com}:arisons \-lere possible (Figs. 17 and 18), cattle abundance was 
I 

inversely related to ldld grazer abundance (Fig. 21). The results 

suggested that competition, as reflected by distributior.al displace­

me~t, occurred between cattle and wild ungulate grazers whose food 

habits most closely ov~rlapped those of cattle. Cattle, apparently 

because of their greater nwnbers and. their Olmers I directive 

influence, outccmpeted wild grazers during this season of limited 

.. '. ol-' 

~'~M~"iJ .. ~&Hki 



I 

o WILD GRAZ ERS 

[ill WILD BROWSERS 

o CATTLE 

86 

4% 

rig . 20 . ?!"o~~·tional biom..1.sS of cattle an:1 ',rild ungulate 
bro~1sc,5 and g l':l.Ze r S dri.'lking at 6 '.-late!" sou rce s . south 
~~sailap.d , dry season 197;. 



87 

3000 G 
DAMS 

2500 

..., 
0 2000 

X 
(!) 
~ 

(J) 
(J) 

<:t ~ 
2 1500 "<() 
0 

CO 
G"." 

.,~ 

W ~ 
...J ~ 
1-' 01-
I- "0,1'0,1' 

<:t 
U 1000 

~ 

500 

100 

20 60 100 140 180 220 

WILD GRAZER BIOMASS (KG X 10 3) 

Fig. 21. Cattle bioUASS plotted against wild grazer b~omass at 
6 ';later sources, south ¥.aass.iland I dry sea.son 197.5. 



I • "(~:' ---------____ ~.,' ------------:~. ,;.':::~ 
88 

resources. 

~ and Wild Ungulate Distributions - viet Season 

Ungula.te densities '-lere calculated as the total number of a 

species recorced for a habitat. divided by the distance (km) tra­

versed'in that habitat. and the quotient was multiplied by an 

adjustment factor based on mean visibility in the habitat. AdjU5~ 

ment factors ranged from 1 in grassland ; ... here mear. visibility ''las 

500 m to .5 in bushland with a mean visibility of 100 m. Since values 

for all habitats were standardized to grassland with a mean visi-

,bility of 500 m, the resultant densities are nU!l1ber of anizr.als per 

km
2• The total numbers of animals recorded along t.he transects are 

given by species anc habitat in .\ppenCi.'C Table 6. o;.stan~~s 

traversed aId adjustment factors. for each habitat are ~resented in 

Appendix Ta Ie ? and the resultant ungulate densities by species 

and. habitat are shown in Appendix Table 8. 

'Densities J cattle and ? ,rlld ur.gulates, by habitat, are shown 
I 

in Fig. 22. Hab:;' ta ts are excluded ,.hich wer e small in area (less 

t.'1an' 60 km2 ) and for uhich distances traversed along transects 

were short. Habitat tyPe PDCAm (a/BEG) is subdivided beca~se 

of the ObSel"'led effect of differential habitat size on occupancy 
I . 
I 

bY,some ungulate species. The first subdivision (a) is comprised 

of small units interspersed among other ~Abitats, tihereas the 

second (b) is one larger continuous area (218 km2 ). 

Assuming that the mL'Ced feeders. eland, i~~ala, Grant's 

gazelle (Field 1975., Hofmann 1973) were primarily grazin~ during 
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the wet season, the 7 \,'ild ungulates include all the important 

grazers except buffalo. The latter are not included because of 

their Eensitivity to human interference and secretive behavior 

which precluded reliable observation along the transects. Based 

on the few actual sightings and on observations of spoor, buffalo 

were almost exclusively restricted to the bushland (C-CAt) habitat 

away from the intensively grazed cattle belt. -Hen~e, they were 

less important than the other species in :arms of potential 

for~ge competition with cattle. 

A partitioning of the s~cies by degree of habitat specificity 

1s evident in Fig. 22. As ,.,o~d be exrElcted because of hwnn 
\ 

influence tnd their relatively recent arrival on an ev~lutionary 

time scale. cattle ,.,ere generalists occupying the entire spectrum 

of habitats. lllU~, habitat overlap between cattle and. wild ungulates 
'I 

occurred to a large extent with all species but was greatest with 
I 

zebra and least with oryx. Zebra lrere the most nu,'!lerous. wild 

ungUlate and displayed the broadest habitat utilizatio~whereas o~'x 

were the least numerous and exhibited the greatest degree of habitat 

specialization. Cattle, wildebeest ... zebra and Grant I s gnzelle 
I . 

densities ,.,ere ,.eighted toward the grassland and more open 

vegetation, in contrast to impala and kongoni densities which shm.,ed 

overlap in the more thickly wooded and bush grassland habitats. 

Eland and oryx occurred at both ends of the physiognomically defined 

gradient from open t.o thick habitat and ,.,ere somewhat intermediate 
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to the al:-ove. 

v!ild tU16ulates had higher densities than cattle on:.y in 

habitat TPC (wildebeest. zebra, impala. kongoni and eland). 

habitat PD (~dldebeest) and habitat PI:CAm (eland). The high degree 

of habitat overlap bet~Teen cattle and wild ungulates can be attri-

buted to the superior munber 'of cattle and the fact that cattle habitat 

occupancy is regulated by the Haa:jai ar.d is determined more by 

disea~e risk than ,ege~tive characteristics. Hence provided the 

disease risk is 10\1, even for a short time, catt2e w~ll utilize 

any habitat. Of course habitat overlap. while it is a prerequisite, 

is r.ot tantamount to competition. Even .d.th habitat overlap, 

co~petition should be obviated during this season due to r~source 

abundance "l1-Ch ,..-auld allot. for the optimum functioning of fe~~ing 

mechanisms a~d consequent e.cological separation at the niche . 

dimen~ion. 
1 
I 

! 
Habitat Preferentes 

Ccmparison of densities of ungulate~ occurring in both subunit3 

(a .:.: b FC!:Am) shews that cattle, wildebeest. zebra and ory:< had 

nc·ticeably higher densities in the small interspersed units (a) than 
I 

in the larger unit of the same habitat (b). This suggests that the 

edge effect (Odunl 1971:157) may have been operating for these species 

but that the habitat E:! = was preferred by eland and Grant1s 

gazelle. 

A crude mea5'~rement of ecological separation lias obtained by 

calculating the r~lative 'occurrence of a species in each of the 
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habitats (Fig. 2). Since there are 1) recognized habitats. a 

species occurrence cf 8% in each would indicate no habitat prefer­

ence. Occur~ences of greater or less than 6~ should indicate varyir~ 

degrees of affinity or aversion to'iard a particular habitat. On 

the basis of this. cattle were associated most positively with 

Fennisetum grassland. (Pm 19.5i)' and the ,{ooded grassland habitat PIX: 

(18%) I both of which ,{ere tsetse free. The Maasai ar.r.ually burn th~ 

for'~r to remove old growth and increase palatability and the ~tter 

hab~tat is dominated b,y the highly preferred ~hort Fanicum and 

Digi taria gr ... sses knOlm as 'ErikarJ' (Appendix Table 4). Ca ttle wc~ 

associated most negatively tnth habitat TFC (O.~) from \,zhich they 

were restricted mainly by tsetse. 

Zebra sho\.ed negligible occurrence in the thicker \{oodland 

and bushi+a habitats (AlAn I GCA t) . They preferred \-Iooded grass­

lands 'Iolith both short (PIX: 22:t) and taller (TFC 14~) grass components 

and. grasslands \(Sh 14%. PD 10%. aPIX:Am 10%. Pm 10%). 
I 

Wildebeest were much more ~estricted to open habitats than 

zebra ... nd shmicd str:mg preference for ~-Digitaria short 

grassland (pt 41%) and Sporobolus gra~sland (Sh 21~). It is 

perhaps significant that the only wooded habitat they were attracted 

to (PIX: l&,t) 'IolaS dominated in the wr:ierstory by the same short 

grasses dominating the grassland th~y most strongly preferred. 

Gr~~t's gazelle shOl{ed fairly equal preference for habitats 

PIX: (16.~). Sh (15.1~), mTFC (12.)~). a and b PIX:Al1l, (l2.3~) and 

PD (ll~). They preferred open habitats ,-lith short grass silnilar to 
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uildebeest but. U:ei, pl'efe r ences \iere bl"oade!', including: he :-tacecus 

gras::;hnd and habitats modified by cat.t.le . 

~lar:ci shm~e:: strong a.:'!inily f or the large bus::' herb gl'a!;sland 

unit (apret-m 1;.1";<.) .]JX'. ::light f.ref·::re nce f or the sn .... ll intc r ::lpersec 

\lr:it, g of the ::.:1a:~ hJ.bllat type (aPCCAm 1:' .7't) , :l.:1d f or bu::h go ss-

lands ~rith tJ.ller perennial .:u,d annual gr asses (D'IC , UeAt lo ,;;t) , 

Irr.pala p:referred the bushland (GCAt 21.2%) and the talle r 

ThelT:eda wooded gras::land (rR: 20 ,5%) . They s11o;.;eo a l ess pronounced 

p:reference for the bush gr assland habitats (['Ie lJ , 4~ , VeAl 12%) 

and were absent frcm ope n grassland habitats . 

Kongoni haC . similar preferences as l.lnpla in tho. t they also 

avoided grasslanc.s and ('ccurred in ',.zooded and bu.sh grasshnds . 

!-!o1,;ever, they exhibited a gr eater degr ee of h.:1bitat specificity a::; 

evidenced h'J {hei r absence frcn bushland a!d ver;; s::'rollb: affi!!i t.:r 1'01' 

wooded and bush gr ass l ands dorninated by th!! taller tui't.ec. pe reM!.al 

grasses (TFC )1:t , D'!C J.61) . T:'1eir notably lmler pr efer'E!nce for t.:n::. ts 
I 

of similar physiogncrrt{ , cut domi nated by short grasses (POC :::%) or 

annual. gr asses (UCAt 8~) , denotes the importance of herb layer 

char.:,cter~stics in affecting the ir distribution . 

Or JX $ho .... ed overlap with ~:one;oni in their pr eference fo r ',;coo ;Q 

erC',ssland (TPC 21 .7%) but differed by thei r strong pr efe r ence for 

the srr.all interspersed u.'1i ts of bush herb gr asslar.d (aPOCAlf), J4 . 6~) 

and the bush g:rass1a.'ld dominated by annual gr .. sses (UGAt )0 . 41» . 

Eabitat preferences are portrayed diaEral1!!~tically in Fig . 24 

using habitats ~d th char acteristics which best defi:l!? Wlbuhte 
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preferences as deterMined by this study. In s~~arJ, ecological 

se~aration at the habitat level was dau.onEtrated fer the wild 

ungulates based primarily on habitat physiognomy and floristics 

related to herb layer composition and structure. Cattle, \-:hosa 

habitat choice was determined by their owners, shcMed a less l-l~ll 

defined hacitat segregation compared to the wild ungulates. 

Competition 

iThe portrayal of habitat ccnditicn and the results of the dry 

season cattle and ldld ungulate counts indicated ths,t forage lias 

limited in ~elation 'to cattle needs in the cattle belt durir~ the 

dry season., Thus, it can be argued that any grazing ldld ungulate 

utilizing habitat within the cattle belt at any season was cc~peting 

ldth cattlelfor forage. By calculating nur.lbers of ldld ungulates 

Irem the de sities a~d known habitat areas, an idea of the relative 

use of the cattl~ belt by each species and among species was obtained. 
I 

Assuming a posit~ve correlation between competition and overlap ldth 
I 

the cattle belt, Fig. 2.5 shows that wildebees t and zebra l~ere the 

greatest potential competitors with cattle for dry season foraga 

because of their greater numbers and high percentages of occurrence 

within the c~ttle belt. In this context of indirect competition ~~th 

ca ttle, the next most likely competing species lIere ehmd, Grant IS 

gazelle, impala, kcngoni and oryx in order of decreasing imj:ortance. 

Wildebeest had the highest percentage occurr~nce (91~) in the cattle 

belt followed by Grant's gazelle (76~), zebra (61~), elar.d (~), 

impala (l.5~), kor.goni (ll~) and oryx (8%). 
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yihila a r.odic".:."l of habitat mcdEi calion b;t cattle :~.ay ha'lc 

positi-,e or negative effects on \lild u."1gulates cer-ending on feeding 

:ld:lptations , O:le ~>'O:lld expect ext::-cnc nodificntion to ha';e an 

nC:Jc!"se elfect on ~11 wild grazers . Cattle a r.d wild ungulate 

densities for J h:J.bi ta ts of similar pot~ntiJ.l but di ffe r e:1t usc 

!"Listo:"'J a r e pl'c£cntec in Fig . 26 . Hean '::ar e ground and perennial 

gr ass cO'/er for the ha':litat s is sho ..... n in :-1,g . 11. ::.abi:at ciAC 

(cattle- dry sea:;on) i s degraded , habit.:;.t rifFC (cattle- Hel season) 

i s pa::- t i ally degraded and habitGL TPC is :c~~t ~odified , A'~ 

• ... iId ungulates except one 5howed dec !"easing .Ie:1sities 1:-0:"1 the 

least r.od.ified to ·~he deg :-aded habi~t. . Gr:l.! lt ' = ga::elle h~ tr.e 

highest. density in the partially de graded habita \.. , poss i bl,:r due to 

a preference f or toros c.nd in';aCing plants . 

In 1u:::"".3.rJ , tl:e :-esults Suggest that. a.rncn~ llild g:-a ::el'S , ::ild~­
be~st and zebra were potential!,:.' the f r eatest cO::lFeti :.or s ',.-i th 

ca:.tle f or f orage . This \,as because they W~l"e t hE, nost nUJl.crous 
I 

Hi1d gra:!ing nngulate~ a n.:!. showed a high deer oe of \-le t season 

habitat ove r la;J tnth t he cattle belt , I.here forage l:as limited fo r 

cattle in the dry season . 1ha't such conpetition '.-Ia:.;: occurring 

presupROses that through their l:et season IItili::ati~n 01 habit.:l.t 

in the cattle belt, wildebeest and zebra were conswring f orage · ... mch 

',muld other.,'ise have ceen available to cattle curing the dry se;;.son . 

Ungula. tes preferring open hahi tats a!'1d shor t grasses (Kildecees t , 

Grant 1 5 gazelle) had the higl:es t percentage occw'rence in the 

ca.ttle belt whi2t:! the r ever se \.,ras true fo r 5j:ecies preferring t..lll 

grass habit...lts (kongoni , or1") ' 
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DISCUSSION 

Cattle ~str~outio~ 

nllr."an po~a tions in Africa al".a Tanzal"..ia specifically are 

i~creasi~g drama t i cally (~ers 197) , Po:lock 1974:1)8, de VOS 1975 : 

108) . A corollary of thi s is t he expansion of cultivation into 

marg~r.a1 semi-arid la.~s and the attendcn~ pressure on subsistence 

p:1storalists occ:.iyy:'ng these la.-rls (Campbell 1971. Diarra 1975 . de 

Va s 1975:1)0 , Kja'.H'by 1976 , The Threat of Desertification in 

Tanzania 1977 . Jaco~s 1975 . P.atfi~ld 1977) . As discussed in the 

secticn on culthation . these trends are evident for this a rea of 

Haasaila;u;i . I\.s a :'esult , livestock a.'10 wildlife lar.d use. options 

are jeopardized a.'1C pr essure is exert.ec. on the 11aasai to just:.£y 

lar~ use i n te~s o~ the l".ational economy . v~ile displacement of 

the 11aasai f r om Ta:".:l.ngire :-,-as not as great as :frot:'. ot.'1er East 

Afri-can !latio:'!al Parks (Hestern 1$75 . Jacobs 1975). the Par!-:. I s 

creati on did nonetheless furthe r delimit the area . The se histor ical 

events are of particular s i gnificance to t!ris study because they have 

fixed the area geog:'aphicaliy and lirni ted the r esources available to 

ca t tle a::d ;.,'ild U1!&'ua t es . 

Both the dl-J ar~ wet season cattle concentration a r eas were 

relatively tsetse free (r-:.g::; , 14 and 15) \~hich sugges'ts that '..;ithin 

this area of Haasailand cattle distributicn '"as fu r t he r restricted 

by tsetse fly i~fes ta~ion . This effect of ~setse il"4estation on 

cattle distrihution is a ·,':'des pread pheno!'lenon over rrruch of the A ~rican 

ccn'tinent ( ?0rC. and Clifferd 1968 . Ford 1971:)54 , I-fest 1972 . 
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I;.unbr echt 1972) . 

A SUJrJnar'J of inforrr.ation collected on }~sai r.:ovement patte rns 

in the study ar ea i ndicated that imp~tus for nO'lement v.as ;':'ovided 

pr irrarily by ecologi~al factors - disease risk , forage, a.~ci ~~ter . 

Secondarily , social ar.ci development factors such as social ties , 

veter in:l,ry and medical sen rices and tracli:1g cente r s ',:e re i:1!"luential , 

pr ovided the pri~~ ~cological factor s were reazo~olY sati~iied . 

water i n t he d..ry seascn ar.e. in the ',:ct season , rainfall b;, its ef!'ect 

on forage , are the fo r emost criter ia gove rning cattl~ di:trib~tion , 

but these operate ~~ thin the constraint of di f.ease risk . Cattle 

diseases of most cons~quence ' .... e re nagana a.'1e. anaplasmosis but there 

was also pr esent a host of other c..:' seases inclc.ciing East coast fever , 

fcot and mouth disease , antio.:-a.-:: , hearb'a te r , r ed:.rate::-, b:-ucellosi s , 

and rr>.alignant catarrhal f ever . 

I n years of normal or goed rain!"all , occupar,cy ami mcyerr.ent 

patterns are ' ~tabili z.eci ,,~th the trajority of t he }~sai r err.aining fo :­

the enti re ye:ir ·.dthL'1 the ca ttle belt (Fig . 14) in which ci.isease 

ri sk is 1m; r ela t ive t o the surr ounding areas . If ccndi hons allow , 

t hey do not mO'le during the ciry season and in tho '..;et 3eason 

either move only a feh" kilometers or rerrlrlin ·"he-:-e they are ar.ri only 

alter the ;:attern of grazi:.g . Reasons COllno:1ly gi .... en 0-/ the ~~:oai 

for this aff.ini ty to"''arris the hOIllp. l ocale ·,';..:!re ; a knot.7l and 

acceptabl e l :evel of disease ri sk , f ami liar:' t y with the a r e'3-

facilitating he:-ding , social ties , and the ha:-dships involved i n 

moving . 

Less predictable l:lOvenents invol',ing g-reater ct:.:otances t>cth 
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within and outside of the cattle belt are precipitated _by extreme 

conditions such as drought or disease outbreak. These movements w~ 

be fairly permanent or of a temporar,y nature ,t.lth return to the hOQe 

locale as soon as corJiitions improve there. When conditions are not 

suitable in a locale and all options within the general area are 

poor or strong social ties exist in another area, movement may occur 

from one cattle area to another. 

South Maasailand g~nerally' consists of a n\:ll1ber of rathe~' 

distinct cattle areas eeparated b,y areas of higher disease risk 

which often lack permar.~nt water sources. Each cattle area is 

further broken i~to locales which contain water and acceptable 

livestock habitat. With this conceptualization in mind, the 

general pattern of movement which emerges is the exhaustion of 

options: I) wi thin the home locale, 2) wi thin the oa ttle area in 

which the locale is located, and 3) in other cattle areas. after 

which movement may occur to the adjacent areas of higher disease 

risk. 

'!'he implications are twofold. First. l-'a.asailand as a whole 

is a fixed geographical ent~ty bound b,y population buildup and 

alternate forms of land use in adjoining areas. Within Maasailand 

interaction between cattle areas probably evens out in the long 

term. In other ~.,Ord5, wilile Maasai of area A may utilize area B 

for a series of years, eventually lA.aasai of area B will in turn 

utilize area A. Thus, it can be argued that \.hile the cattle 

population is fluid over the larger area. in the long term the 

:"!;. ~ 
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population of any one ca~tle area i s stable r elative to other 

areas . Also i t is probabl e that Oecause of thi s f1ui~tY I the 

Haasai seldom have to re sort to mO'J ement il'!to tt.e higher disease 

ris k areas . It follows t hat we are dealing ·~·ith a disc rete 

cattle popIlation in a li.'llited area and so we have established 

a general prereq~site for res~~ce competition . The secend 

i mplication is tp~t because disease ri sk ar~ wat er ar e more 

tangible l imiting factor s and override the dictates of forage i~ 

deter.nining cattle Cistrib'.J.ticn, movement is ofter. del ayed f<l,st 

the point of proper range use . 

Habitat Co~ition 

P.abitat i:lV8stigations indicated that rrm,en of t.i.e habitat 

\<;'it.hin the cattle belt was sucopti::-..al both ',,-:ith r egard to environ-

mental health as \<"e11 as grazing potential; cat tle . because of t ht::ir 

large nw::bers a..'1d r estricted di5tributi?n . ·"ere pr:'ma.rily !"~sponsible 

for both 5i tuations . I..' •. !1I9r ey (196)) alluded to land dete!"iora tion 

effected by cattle in the !-!aasai steppe (idrich encol'lpasses the 

study arp.a) ar~ there a!"e numerou3 r efe r er.ces to p~bitat degradation 

by cattle and otter dorr:estic stock else;.;here in Africa ( Tal~t 1972 . 

Hest 1972 . Pollock 1974 :117 . Harris 1972 , Riney ! 968 , Glover and 

GI--y!1.'1e 1961) . I n the context of con:peti tio;") , adver se env:"ronmental 

change can be vie\'ed as over" evidence that r esou;-ces are li::Iited 

in relation to anir-.al requi rerr.ents . 

Factors Contributing ~ ~abitat Deterioration 

As discussed in the previou3 section , there i s a limited area 
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accepubl e for cattle r aising , and disease and water constraints 

take prior i ty over forage conditions in determining cattle 

ciistribution . These factor s have contributed to habitat 

deterioration . Another contributi ng factor i s the lack of grazir~ 

co~trol ~~thin the cattle belt . One rea~cn for t hi s 1s that control 

of the gra:!ing in a cer tain area by any c::.e gr oup is precl uded by 

the variable rainfa.ll and sporadi c natlJ.!"e of disease outbreak . It 

is unwise for aro.y group to pr ohioi t the u::;e of an area by others, 

since in the future they i n tern 'Cay [bd the:nsel'lcs subject to 

conci tions of stress . FaradoxicG.lly , this rr.obili ty which has enabled 

the !-\a.asai to successfully exploit their envir onment in the past, is 

a ~ajor r.indrance to the solulion of present problems resultant of 

resource a.'"'.d anirr.al nw:l~r imbalances . 

Traditional wanagemcnt strategies err.phasize maximization of 

li"lestod: nu!nbe::-s . In the past , I".a.tu::-al attrition of bo th hu:r.an~ 

a.-;d anirals and the op;>ort;;ni ty for expa."l.sion into new ares.s r er.riered. 

this a necessary and workable system . The t raditional Ha3.sai life-

style is aL~ost wholly dependent on livestcck , with consequent 

mini~41 need for other possessions . The accumulation of r.~terial 

goods is furthe r restricted by t he mobili ty r equired to maintain 

this key (livestock) re source. Hence,it fo11O'...-5 that respect , 

honor al"Ji security accrue to the man who ~ucceeds in accumulating 

wany livestock which in turn enable him to have many children . 30ns 

pr ovide sec:rrity in old age, daughte r s do the same through the ties 

which are established. ',,'i th in-la.:.-s . A · ... ealthy man 

~--' 
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cattle to compensate for dec reas&d milk production dur~ng the dry 

season . The more cattle ormed and the r.:ore dispersed they 2.re , the 

greater the chance that there ~ill be a sufficient n~ber left for 

bare survival after disease arn starvati on have taken their toll. 

It is often ass~ued (Casebeer 1968 , Lambrechts 1972) that in 

the past a some\~hat stable balance I.as ac!ri.eved beh'een subsistence 

pastoralists apn their environment due to PAtural po~~lation 

r egulatory factors such as disease in h~Tans ~~~ livestock. 

However , Talbot (1972) postulated that the }!aasai and their live-

stock may neve r have been in balaU'.:e -.. -1. ":.h a....'y on'! specific en"lircn-

ment . This could account for the Naa~ai's slow but stea~' south~~ard 

expansion over the l ast several hundred years (Jacoos 1975) . ?re-

SI.l.ll'.ably . ",.i. th each movement , deterioratir:g :-ar.ge ;'<l.S left in thei:-

wake . Each of these views i3 no doub .. in part true . The fact 

r emains that under present conditions , !laT12..gemcnt strategies "~"hic!1 
" 

are geared td ... <l.rds lI'.a:d.mization of a."lill'.al r.ulTibe:-s are no IOl".ger 

tenable because of a decline in natural attrition of both h~~s 

and livestock and a halt to further expansion in .2.rea . Alley:"a tion 

of problems ;resulting from the divergence between a..n:irlal ntJ.."Iloers 

and environn:enta.l capabilities .... 1.11 necessitate less direct dependence 
, 

on animals £or hwnan subsistence e . j; ,. a greater reliance on plant 

foods (grai~) procured from adjacent agricultUral areas t hrough the 

zale of anicials . Such a shift in human di'!t :,.ould decrease the nunber 

of animals r equired for sl,;.bsis tenc e because of the large a:ncunt of 

grain ' .. hich can ce purchased ,ii th the prcceeds from t he sale of one 
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steer (Bro\~ 1971). 

Rather than follOtnr.g an integratt!d approach, the influenoes 

of development have to date accommodated to traditional maI"Agement 

strategies to the detriment of the range resource. ~nphasis ~~S 

been on those facets of livestock development (water, veterinary 

services) which have allowed. for increases in animal numbers, but 

there has been little success in implementation .. of measures (!l:a.Ilage­

ment plans, stock quotas) which are conduci-Ie to ~roper range usa. 

The .Maasai have naturally accepted and complied "ith development 

supportive of traditional strategies w~~ch worked in the past. 

Conversely, they have resisted development which is inimical to those 

goals. The tsetse clearing operation in the Loiber Sirret area has 

had disastrous environmental effects. Ne\'I water sources t dips and . 

veterinarylmediCL~e are all necessary for livestock development 

but their provision has had no .:oncurrent implementation of stOcking 

rates or grazin'g clans. The result 1-.as been an increase in lives:.oo:k 
! -

numbers and an ~ggravation of the problem of habitat deterioration. 

The problem results from the dichotomy of traditional and develop-

mental goal~·of subsistence pa~toralism and commercialized livestock 

production. The point is that the ultimate success of development 

projects depends on basic changes in tro.:ii tional values and life-

style and not on 'development showcases' such as new boreholes, dams, 

dips and veterinary centers. The negative ecological consequences 

of poorly designed and misdirected development schemes among 

pastoralist peoples i3 well documented (Taltot 1972, Head7 1972, 
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Jacobs 1975, Russell 1972, Baker 1975). 

In surr.mary, it liould be foolish to advocate a total break frem 

traditiorAl management strategies acquired through years of 

association '\<;ith a harsh environment. However, it is evident that 

some basic changes related to subsistence pastoralism are necessary. 

The land area available for Jofaasai use is, practically speaking, 

fixed. Yet, the Haasai people and their livestQ9k, as recipients 

of modern medical and veterinary services, have experienced 

s\!bst.'lntial population growth. In a system in which each individual 

requires a certain number of livestock to subsist (Brown 1971), 

hu.'l'.an population increase, begets the need for an il!CreaSe in live-

stock numbers, both of which must ultimately confront ,the limitaticns 

imposed ~J the resources of a finite area. The ~resent trend of 

range detertoration is undermining livestock and ldldlife land use 

options in both the local and national interest. It follows that 

measures ensuri~g rehabilitation and ,,,rise use of the range resource 

are paramount to successful development; and second that socio­

political and economic options must abide within the framework 

delineated by the foregoing premise. FirAlly, it seems appropriate 

to add that the problems confronting these traditicnal societies 

are but a dimension of the larger global problem of an unstable 

relationship between industrial society an1 the biosphere (~~taker 

and Likens 1973). 

Cattle and Wild ungulate Distributions !!E Con:petition - 12!Z Sea.son 

Competition thecry predicts that competition ~or resources should 
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be maximum during times of resource scarcity. Studies in East 

Africa (Vesey-Fitzgerald 1960, Gwynne and Bell 1968, Bell 1970) have 

suggested that a primar,y means of ecological separation among wild 

ungulate grazers is through ungulate selection for grasses of 

specific growth stage and structure. There is an optimum vegeta­

tion structure for each ungulate species which is determined b,y 

a specie s I feeding adaptations. In the wet season the grasses are 

actively growing and. there is a great variety of growth form 

(both intraspecific and among grass species) because of the 

differential response of grasses to variable rainfall and varied 

grazing pressure. At this time when there is a maximum variety of 

grasses both in growth stage and structure, ungulate species I 

feeding adaptatl:ons are allowed to operate most efficiently, In 

the dry season, forage is most limited because of the cessation of 

grass growth and t.'1e restriction in range imposed by the availability 

of free water upon cattle and wild ungulate grazers who are water­

dependent. Lack of grass in abundance as well as the relative 

homogeneity of the sward (because all the grasses are in a similar 

(mature/dormant) growth stage) result in a convergence of' ungulate 

grazer diets and thus max:imum competition (F.A. o. 1974). 

The results of the counts at pennanent water sources showed an 

inverse. relationship between cattle and wild grazer abundance at 

both the waterhqles (Fig. 17) and the river springs (Fig. 18). 

Counts at the d.a.!JI.s (Fig. 19) revealed a negligible presence or wild 

grazers c01llpared to the large number of cattle. Wild grazers were, 
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however, well represented in the same areas during the 1iet season 

(Fig. 22 and Kahurananga 1976). 'lhe results suggest that resource 

competition was occurring as evidenced by the (distributional) 

displacement of wild grazers by cattle. 

Wiens (1977) pointed to the danger of interpreting spatial 

interference as an e?tpression of competition because first, it 

assumes single factor causality (competition), and second, it 

requires the assumption that resources are limited in relation 

to popllla tion demar.ds. In reference to the foncer it is concel vable 

that spatial interference, rather than resource competition, could 

acco'lUlt for the low nwnber of wild grazers corresponding to high 

cattle numbers. ~is is 'lUllikely, first because wild browser 

and cattle representation did not show such an inverse relationship. 

Second, settlements were inconspicuous and located a few kilometers 

distance from the water sources and cattle and wild ungulate 

drinking times showed little overlap. '!he majority of wild ungulates 

drank during the night or at dawn or dusk even at those sources from 

which cattle were absent. Third, cattle and wild ungulates were 

often seen within 100 m of eaoh.other with no apparent discord. 

It is possible that 'tradition' may in part account for the 

low dry season occupancy of wildebeest and zebra in the habitats 

around. the dams. Prior to construction of the dams in 19.54, lack 

of water precluded dry season occupancy. Thus, it o':)uld be argued 

that migratory patterns were by then established. However, it 

·seems unlikely that movement patterns would lack the flexibility 
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to accommodate to fluc t uating resources since p r esunnbly t hey · ... er e 

ini tially determined i n response to r esource availability. Further -

r:ore , .:i l debeest al".c! zeb.a do drink at the daw.s near the end of the 

wet season and a 1'<:!'" herds r emain thr oughout the dry sea son . 

Higher lake levels and human population buildup have l argely 

eliminated the open grassland at the nor th cnd of Lake M~ara . 

This a r ea was pr eviously the favored dry season refuge f or wilde-

beest (Lu~prey 1963) . At present , the only rerrair~ng dry sea30n 

concentration area for these wild ungulates is Tarangir e . I t seems 

logical to assume that if resource competiti on was not cccurring i n 

Sir.-a!1.jiro , wildebeest would rell'.a.in i n this open grassland habitat 

instead of returning to the wooded habi tats of Tarangire. 

The restric ted distribution of cattle anc. the r ati ol".ale behind 

Haa.sai r.lOvEllnent patterns lend validity to the assumption that 

r esources are limited in relat.:ion to ani wal needs at least for 

prescribed areas and times (cattle belt - dr'J season) . Obs~I"'Ied 

cattle mortality . loss of "condition" of c::..ttle during t he dry 

season , and the adver se habi tat changes can be vi ewed as a mani-

fes ta tion of extreme r esource lirni tat i on . 

studies such as those of Bell (1970) and Sinc1ai~ (1975) 

suggest that in r..atural ecosystems ·.ther e food is 1ilrJ.ting 

populations, it is often nutrients (gr een leaf) which are limiting 

r ather than energy . 3ased on a study of r esource liwitat i cn cf 

buff alo populations , Sinclair (1977) postulated that wild popula-

tions can be r egula t ed by resour ce limitation without dan:age to the 

r esource . In well- adapted species this is accomplished through small 

--~ --' 
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but frequent mortality in r esponse to r esource limitation . Resource 

shortages and consequent undernutrition in a.nllT'als (usually affe cting 

YOWlg and old first) makes them susceptible to secondary fac tors such 

as disease so that mortality occurs before ther e is resource degrada-

t i on. 

In contr ast , one would expect cattle to experience drastic 

population fluctuations and sever e ina...,ition in the dry season '.nth 

consequent damage to the r esource base . Cattl e can endure periods of 

extreme undernutrition because of human support trxough services such 

as veterinary r.leCicine and pr otection f r at:! preeation . Also , because 

they have had a shor ter per iod to adapt to the enviro~T.ent , the 

regulatory processes which operate through nutrition and disease a.r9 

l ess r efined t~ i n wild species . Thu~ cattle r espond more errati-

cally to diseases and a r e more likely to deplete f ood supplies to a 

point a t which there is damage to the r esource . Dry season el"'igr a-

tion of wild Ungulate grazers from ca ttle areas i s the ~efore uncier-

sta~4able in light of the extr eme r esource limitation (nutrients and 

energy ) effected by cattl e . 

?~rris (1972 :40) speculated that ther e was a s~~lar effect of 

cattle on wild grazer abw1dance in the vicini ty of the Umba :i. ... e r 

1.."1. Hkoll'.l.zi . Ta."1.umia . A comparison of ungulate densities in 

Serengeti Na~cnal Par k and ad~acent cattle nrE'as in Loliondo 

(watson et ~ . 1969) shC"..;ed that ... i.ldebeest wer e r eplaced. by cattle 

in the latter a=ea . 'This sugge~ted that the r e ",,"as a high degree of 

overlap between the r esource require~ents cf cattle and wildebeest . 
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. competition was similarly deduced cetween buffalo and hippopotamus 

(Hippopotamus amphibius) on the Mweya peninsula, Uganda (Eltringham 

1974). In this case a sixfold increase in buffalo numbers was 

attributed to 10 years of reduction of the hippo population 

through shooting. 

In contrast to COMt:-eti tion, the dry season COlUlts a.lso indica­

ted which wild ungulates were cOItpatib1e with cattle, at least in 

terms of forage. Alnong these, elephant were the most prominent 

by ... "irtue of biomass and their ,effect on the environment. It is 

unlikely that sufficient protection would ever be afforded to permi' 

the high elephant densities responsible for changes from wooded haai' 

towards grassland as has been the case in several African parks and 

reserves (Laws 1970, Parker and Archer 1970. Anderson and waJ.ker 

1974. Thomson 1975). However. it should be recognized that in 

addi tion to feeding complementarity, habitat modification by 

elephant is largely favorable for cattle, Elephant can reduce woo~ 

species through their browsing and thereby create open conditions 

which favor grasses and adversely affect tsetse flies. 

In summary. during the dry season. large concentrations of 

cattle did not exclude wild ungulates but they did affect the 

speoies represente~ It is postulated that due to disease oonstraini 

and lack of (suitable) alternate water sources, the Maasai kept the: 

oattle in dry season locales lUltil the forage conditions deteri-

orated and resulted in emigration by 'h'3.ter-dependent wild grazing 

ungulates. In other words, one species, oattle t occupied the entirE 
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spectrum of grazing niches a !> a r esult of a corr.bination of thei r 

sur..erior nwnbers , their owner s I directive infl'J.ence I and. the 

limited forage r esources during the drj season . 

Cattle and Hild Umn.:late Distributions al:d CCI'l~titivn - ~ ~ 

The wet season i ngr ess of wild ungulates i nto cL-y season 

cattle areas , particularly '"tId gra::ers, is consistent with compe ti­

tion theorJ ' ·lhich predicts that duri ng t i.I::es o{ high r esource availa-

bility , ccmpeting species rr.J.Y success f ully invade an area (Hiens 

1?77) . Ungula te habi Ul t preferences should be most e'fident during 

t hi s season because of f ood abundance and '..ndespr ead .. :a ter availa-

bHity . 

Habi tat Prefe r enc es 

-:bi ~t preferences similar to t hose f ound in the pres~nt stad.." 

(Fig::: . 23 al~d 24) have been r eported else\"he:-e in Africa . Cattle 

wer e f ou.'1d. to be the 

in Amboseli (wel te rn 

l east habitat ~pecific of all large he r bivores 

197)) . In Rhodesia , v:ildebeest '.Iare associated 

with ope n habitats char acte r i ::ed by a shor t spar se grass s.~ard 

while i n terms of gr oss vegetative str ucture , zebr a '.-lere consi d!'!red 

to be habitat ger.eralists (Fen a r and \·.'alker 1974) . Silnilar patccr :1s 

I 
of habitat selection by :d.ldebeest and zebra were r eported by ::.irst 

(1975 ), but zebra sha.ied a Jl'.arked ?reriilection fo r .... -oocila.!,d in 

adcii tion to OCCl:.pa!lcy of the ope n savanna short grass habitats 

pr eferred by wildebeest . Bell (1969 , 1970) r eported that ',.-i.ldebeest 

utilized lo~-e r l evels of the gr ass s~tard t han zebra . Observations 

, , 
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of habitat utilization in Athi-Kaputei, Kenya (O..:aga 1975) indicated 

that wi1d~beest sought out short grass localities while zebra were 

more associated with taller grass. It is well known that the 

migratorJ wildebeest of Serengeti prefer the short grass plains 

d'.1.:'ing the l.,ret season (Pennycuick 1975, Talbot and Talbot 1963). 

On a ranch in Kenya (Blankenship and field 1972), Grant's 

gazelle preferred open habitats and s~emed attr~~ted to disturbed 

sites. Eland , .. ere more habitat specific than Grant's gazelle 

and although they frequented grassland, bush habitat was preferred. 

Impala were associated with shrubby habitats (Ferrar and Walker 

1974) and open·savanna with both a short heterogeneous herb layer 

and dense grass cover (Hirst 1975). Blankenship and Field (1972) 

reported that kongoni occurred mainly in longer Themeda grassland. 

Habita~ preference can be viewed as a function of the species' 

stoIl'.ach morphology (Hof:na.nn 197:3), group size (Jarman 1974), body 

size, digestive lsystem and the anatomical and behavioral features 

which contribut~ to an animal's feeding mechanism (Bell 1969, 

Sinclair and Gwynne 1972, Pratt and Gwynnel977:9l). Wildebeest 

preference for short grass habitat can be related to their 

selection for grass leaves (Gwynne and Bell 1968, Owaga 1975). 

Short grasses, whether because of morphology or gr~h stage, 

normally have a high leaf:stem ratio which is correlated to a high 

ratio of protein and soluble carbohydrates to cellulose. A 

homogeneous short grass sward is suited to the wildebeest's 

preference for leaf because selection for leaf in longer grasses 

...a, .. 
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is made di.1'.1'icul t by the broad mouthparts of the wildebeest. Kreulen 

(1975) pr~sented evidence of a significant correlation between wilde­

beest abundance on the Serengeti plains and calcium levels sufficient 

for the period. of lactation. Analysis of leaf samples from the study 

area indicated that crude protein levels of the dominant grasses in 

the preferred wildebeest habitat (PD) may be higher than for grasses 

in other habi,tats. However, calcium.:phosphorus r~.tios ,.ere Im.er than 

optimum and Ca ~s lower than the minimum needed for wildebeest during 

maximum milk production as calculated by Kreulen. These preliminary 

results suggest that wildebeest were not attracted to the short 

grass plains because of high Ca contents of the dominant grasses in 

that preferred habitat. Wildebeest preference for open habitat may 

be a function of their gregarious nature, their territorial and breed. 

ing set-up atd their use of sight and flight as a main a.~ti-predator 
mech8.nism.' : 

Zebra OCcuPitd a broader spectrum of habitats than wildebeest, 

the main difference being their greater tolerance for wooded r~bi-

tats and taller grass components. This could be related to the high 

proportions of grass stem and sheath in zebra's diet (Gwynne and 

Bell 1968, Owaga 1975). In comparison with wildebeest, their 

~reater toler~ce for tall gr~ss has been explained in part by 

differences in dentition and digestive system (Gwynne and Bell 1968, 

Bell 1970). Zebra have opposing incisors which can easily cut fibrous 

stems and as non-ruminants they have a faster rate of food passage 

and a faster breakdown of cellulose than ruminants. Zebra's greater 
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occupancy of wooded habitat than wildebeest may be to some extent 

because they are nonterritorial and run in small cohesive social 

units (Klingel1969). 

The preference of kongoni and or,yx for tall grass habitats can 

. be related to body size and mouthparts. Lot.er absolute resource 

requirements and small mouthparts enable these species to be 

selective for the nutrient rich Farts (leaves) of the taller 

grasses which have low leaf:stem ratios. 

com~etition 

The hypothesiS that indirect cattle-wild grazer competition 

is occurring through wet season use of the cattle belt by wild 

ungulates a~sumes that grazing is not stimulating greater forage 

P:~ducti.vi'~Yl' Increased production due to the effect of defoliation 

is a well es blished phenomenon 1n range management (stoddard and 

Smith 1955), especially for short grass species (Heady 1975:26). 
1 

:1cNaughton (1976>, showed that wildebeest grazing in the Serengeti 

increased net productivity and facilitated utilization by Thomson1s 

"gazelles. In contrast, Harris (1972) reported lower net production 

from clipped as opposed to unclipped plots 1n ~~omazi. He postulated 

that defolia~ion resulted 1n lower forage production in areas of low 

rainfall (less than 50 cm) where moisture rather than space was the 

primary factor limi tinl; grass growth. This si tua tion applies, at 

least to some extent, to the study area. 

In the short term,it is possible that grazing during the wet season 

stimulates growth and maintains the grass in a productive state. 



· .. ~~ 
'\. 

-----------------~ .. 

117 

However, it is probable that this effect is overridden in the cattle 

belt because of the almost continuous high grazing pressure. Grazing 

~J wild ungulates during the gr~ding season when defoliation is 

potentially the most harmful (Heady 1975 :28, 1960 :41, Honnay 1970, 

Scott 1955:602), probably contributes to the trend of habitat deteri­

oration and also removes forage which would otherwise be available 

to cattle. Hi~d.-?~;):z~rs ... can.-~l~~.be. expected. t9.. interfere with future 

grazing systems for li.v.e~tock. This particularly applies to wilde­

beest and zebra because of their numbers, food habits and occupancy 

of the cattle belt. 

The relative abundance of the several species of wild ungulates 

in the cattle belt (Fig. 25) can be related to habitat preferences 

and the modifying effect on the habitat by large numbers of cattle.' 

Much of th1 cattle belt is open grassland, a fact attributable 

primarily to the absence of tsetse and secondarily to the presence 

of permanent wa~r and possibly due also to the abundant grass 
I 

component and t~e ease of herding afforded by such habitat. Another 

salient featUre of the cattle belt is the shorter grass sward than 

in surrounding areas due to abiotic environmental factors but also the 

; high grazing pressure by cattle. Wildebeest, preferring open 

country and !short grasses, would therefore be expected to have a 
I 

, higher percentage occurrence (9l~) in the cattle belt than zebra 

(6l~) which have a greater tolerance for taller grasses and wooded 

habitats. Grant's gazelle had a high occurrence (76~) correlating 

to their preference tor open and mcdified habitats. Eland were 
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next (44%), priwarily due to their strong preferenc6 for the large 

bush herb gr3.ss1ana unit within the cattle belt. Impala, because 

of their preference for bush, had a low percentage occurrence (15%)· 

as did kongoni (ll~) due to preference for bush and wooded grasslands 

dominated by taller grasses. Oryx had the lowest pe~centage occurrence 

(e~) for the same reasons as kongoni. but also because of their strong 

pre!er~nce for the small interspersed units of bu~h herb grassland, 

many of which were outside the cattle belt. 

In te~ of direct competition and the effect of cattle on wild 

ungulates, competition theory predicts that competition in the wet 

se<,.son ,.;ill most likely cccur between species whose grazing niches 

are most similar. In this case it seems that wildebeest ,.,ould be 

the .dld ungula~e most competitive with cattle because of size, 

digestive sy~tem (ruminant) and shape of mouth (broad, unselective). 

However, wet season use of the same habitats by both wildebeest and 

cattle (Fig. 22),land the wildebeest's high percentage of occurrence 
I 

within the cattle ,belt (Fig. 25) and preference for short grass 

(Fig. 24-), suggest that rather than competing, cattle ma.y facilitate 

use of the herb layer by wildebeest. This would be due to the short 

grass ~nard effected by large numbers of cattle grazing and would 

·be contingent' on a. certain minimum level of resource abundance 

which presumably would be the case in most wet seasons. The grazing 

induced successional stages described by Heady (1966) suggest that the 

high grazing pressure by cattle may favor the short stoloniferous 

grasses preferred by wildebeest. Similarly I BlankenShip and Field 



.), t . ~. > 

':.~~, _____________ --'lL .... ; ,'~~~,,~, 

119 

(1972) reported that grazing and trarepling favored short stoloni­

ferous grasses. Blankenship and Qvortrup (1974) stated that inten-

sive cattle grazing kept the pasture in a short phase which was 

optimal for Thomson's gazelle and impala. 

Conversely, one could conclude that cattle adversely modifY 

the grass sward for species such as kongoni and oryx which with 

their small mouthparts are more selective grazers, preferring the 

talle~ grasses. Thus, while their low occurrence in the cattle belt 

was due in part to abiotic (habitat) factors, it could also be 

attributed to competition with cattle. This is su~ported b.Y the 

increase in kongoni numbers which followed the removal of livestock 

frem Nairobi Park (Foster and Coe 1968, Gosling 1974). B~~=d on 

kOngO~ pre~erence for long grass, Blankenship and Field (1972) 

concluded tijat the wajor influence of cattle on kongoni would be 

caused by overgrazing. 
I 

In summary, lit is postulated that wet season grazing by wild 
I 

ungulates in the'cattle belt is a form of competition with cattle 

because it decreases the amount of forage available to cattle 

during the dry season. Wildebeest and zebra are the greatest 

potential competitors, because of their numbers, food habits, and, 
I 

distributional overlap with the cattle belt. In terms of direct. 

(spatial and temporal) interaction, cattle through their modifying 

effects on the habitats appeared to compete directly with grazing 

ungulates preferring tall grass habi.tats (kongoni, oryx) while 

facilitating use of the herb layer by species preferring short 

grasses (lnldebeest. Grant I s gazelle). 



RECCHHENDATImlS 

The investigation of habitat condition in the study area 

indicated that much of the habitat in the cattle belt lias suboptirrlal 

,dth regard to environmental health,as well as grazing potential, as 

a result of an imbalance between cattle numbers and. forage resources. 

Tradi tional M;iasai cattle management strategies t coupled with a 

restriction in area available for cattle raising, the provision of 

ne" \-later supplies, and veterinary and medical services, were 

responsible for disrupting the ecological balance. Due to these 

historical factors and misdirected development efforts, the natural 

population (human and livestock) controls to which traditional 

mar.agement strategies were gea~ed have been reduced, and there has _ 

been no surstitution of alternate controls. _~~n~e._~:.~!.~qa.~~r.: .~~ 
the resource base undermines all land use options, it is evident that 
~- • __ •• a ...... •••••• ..... - ...... W' ................... ' ...... _r# ... c .. ' ....... _ •••••• __ •••••• - •• ,' •• , ................... ~', 0" ' •• -.' • 

~_~ _~~e_~!l~:.e~~~s . o.:-r ... t.!l~_ ~~~~_ p.~.~p~~_.~~~. ~h.e .. r:--~~~n.!._ b;l-~i~ __ .?~ges 

~:._~~.:~,s.s.~:.t:._::it~ ~.ega.x:(L~~ •. :?2:?~J1~~~a; .. attit~e~ am. ~allles and 

~~ ~:~_~~p.~e~:t:.~?~roach. V/ith these considerations in mind, the 

following recommendations are made. 

1) A major emphasis of development in Maasailand should be a program 

of education b,y extension which meets and relates to the Maasai 

people in their environment. The aim should be to introduce 

ideas which serve to change the people's perception of their 

problems and the possible solutions. Audio-visual aids aM 

techniques, such as those used by the Maasai Rural Development 

Centre in Ker.ya (Csakany 1973) t can be employect. Stress should 

120 
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be placed on the interc~;inge of ideas e.g., scientific concepts 

of livestock husbandry and range management can be coupled with 

the wealth of traditional Maasai knowledge regarding livestock 

and the en.";ronment. 1".It ;lVp,J""''' ..... t If\. "'".J.. ()'~~t\ ~ .... 7 0 _ h~o1«. rf-G . I~t 

2) Ecologically viable grazing un1 t{ ~lSt be established for each 

ranching village and livestock use restricted tc members of the 

village if grazing cen trol is to be realized. Since cuunn.:.nal 

grazing is built into Haasai tradition, the social apparatus 1 

necessary to enforce boundary observance is lacking so that at 

least initially, government officials and technicians will 

have to bear the brunt of such enforcement. 

J) Z,1anagement plans should be devised in ceopera ticn with l-'.:lasai. 

-

Based on past experience, it is only with such local input and 

in~.olvem1nt that grazing systems have a chance of working. 
T ? r~Jt"d ,"':'1 

Initally, emphasis should be plac~:~.!:~!.~L.~f_~"'!:3.~~ck .. "".11. ... ~t.' .. 14 
",.e",' 

distri=ution rather than control of numbers as the concept of 
--I 
stock quotas ~s anathema to traditional Z,faasai values. Emthasis 

on quotas will likely guarantee the failure of a.J\Y attempts to 

implement grazing plans. 

4) Permanent transects should be established to monitor range ;t(l..(\~e ,~e 
M~/~~/S , 

condi tiO~ in each ranching village. 'lhese should be ini tia ted t\ eedc J . 

with the aid of Ha.asai Project range specialists. Data cOllec_~,,~t.l~ t';,. 
fr' - tr ,\L'f1.t 

tion can be ~~e responsibility of resident range officers. 

5) Wi th regard to new \ia ter supplies, emphasis should be on small 

catchments which inherently limit animal numbers and effect 

better distribution in relation to forage. Simple filters 
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(sane, gra.vel and charcoal) are needed to improve the quality 

of water for domestic use. 

6) Given the desirability of local involvement and in keeping with 

the government's policy of self reliance, the l~ai should help 

~y fer those livestock sel~ices which they desire. 

The !"esults of this study suggested that the greatest potential 

for forage competition between cattle and wild ungulates derived irem 

the ,·,et season use of the cattle belt by Tarangire grazing ungulates, 

wildebeest and zebra. in particular. Barring extreme measures such as 

fencing, it is unlikely that distributional patterns can be easily 

altered so as to reduce use of the Maasai cattle areas by ,dld grazing 

ungulates. The Maasai .have traditionally harbored little ~~agonism 

towards. ~·1ildlife except in the case of direct and dramatic conflict 

as ~d th lion. 1 Recent and severe dry season forage shortages, coupled 

~~th the prohibition of livestock grazing in the Park, have resulted 

in a shift of the traditional stance towards one of greater hostility 
I 

directed to the seascnal incursions of wild ungulates. Maasai 

frequently asked me, ItWhy are we who do no harm to the game not 

allowed in the Par~ whereas Park wildlife seasonally graze our 

areas?!' It is evident that pressure on the wildlife resource will 

increase paraliel to the rate of develop~~nt in the area and the 

corresponding changes in attitudes towards livestock husbaxKbrJ. 

\-lith these considerations in mind and given: a) the traditional 

occ~pancy of the area by the Maasai, lU the government's goal of 

commercialized livestock production and, c) the desirability of 
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lnaintaining the Tarangire ungulate populations in the na~ional 

interest; the following recommendations are presented. 

1) The Maasai should receive a percentage of any revenue generated 

by utilization .chunting. cropping) of wildlife within their 

ranching village unit. The future viability of the wildlife 

2) 

resource may be best insured by allowing for greater local 

control and management of the wildlife resource, l-d. thin guide-

lines prescribed by the Game Department and National Parks. 

Compensatory payment could also come from National Park revenue 

although the small earnings of Tarangire make this impractical 

on a direct basis at present. If dual use is to continu~, 

livestock grazing systems will have to accommodate to the 

seaslnal grazing by wild ungulates and benefits accruing to 

the ~OCal people from wildlife must be of a magnitude 

sufficient to ~Ake up for the loss in livestock potential. 

Research 1hould be undertaker. to determine what impact ,.et 
! 

season gr~zing by wild ungulates has on grass production 

and range condition in the cattle areas. 

I, ~t vp teLlCf"/", exd{)~urn ') 
.1\'0\·'," "i,":: ,:r{.r ":'1 
• ')f''''~\ 'I ",/,(;.1" •• ric., 

3) vJ1vo.J- lJ,o"t Mt(l,Q ,f;J:.U<(.\1 f(t. ... ~ ~,,,l CLd(L l,eU H •• I ,1'(~ ttli!. (t~t.l 'j h'l.lt{l 

(0, J..lAl \~ 6IAl 1(, (~~'f 1A\'(. fc(~l(l(, .. l.~ 
t, .... J~r'" Il.,I,V\,.(.t.o) 
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~ M!Q CONCLUSIONS •.... j,. ""1 •• / .. ,\ .... , '~t'. I 

/(1'.,.1.,/ .... 'jr •. ",/~ 

Human population increase and economic realities in Tanzania 

have led to an acknowledgement of the value of wildlife as a 

resource of economic potenti~as well as a recognition of the 

need for development of commercialized livestock production 

in the traditional sector. Where present and potential live-

stock and wildlife uses overlap, as in the range areas of 

l-:aasailanc. questions and conflicts have surfaced pertaining 

to the relative ,importance that each should play in present 

ar.d futUre land development strategies. 'Ibis study ";Olas under-

taken in an attempt to elucidate aspects and areas of greatest 

actual and potential competition between wild ungulates and 

catt11· , 

2. '!he study area encompassed 4867 km2 east of ar.d adjacent to 

Tarangire National Park. 5Ubsistence pastoralism practiced by 
I 

the lI.aasai i people was the main form of land use and was the 

object of development schemes attempting to create a system 

of ~arket ori~~~liy~toc~9.d~~~ion. In addition, the -- . 
area ser/ed as the wet season range for Tar~gi~e Park ungulates' 

and harbored a smaller number of resident wildlife. 

J. Habitats were delineated from &ts satellite imagery maps ar.d 

repr~ser.tative siteS within the habitats'wer~ sampled using the 

releve' method. Habitat management histories were determined 

b,y obser/ation and through inforwation from local inhabitants. 

F.abitat changes were documented through interviews and informal 
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discussi ons with Haasai elde r s . Corr.parison of habitat para -

r.:eters in areas of sirr.ilar potential but with cifferen';. 

manageme r,t histories indicated that t!"\c condition of much of 

the habitat in the cat"le belt. '"as belc~ ... potentiaL Toe sub-

optimal habi t."i t condi tion , i n terms of enviro!!!r.ental health 

and grazi ng potential . was chiefly attributable to cattle 

':>ecause of their greate r num·oers and r estricted dis t r ibution . 

4 . TS,et;;e fly distributio:: I,as determir.ed O~ the basis of 

personal harass:-:ent ar.d irtfor:r.3. tion f r ::l:n Bansai. cattle cone en-

tration areas 'dere deter:r.ined b"J plotting settlerr:er:t locations 

and delineating grazing radii . 'P.:e drj and ;let seasc.n cattle 

concentration areas 11ere relatively t:;etsc free 1·;hi::r. suggested 

that tsetse infest.:lti on "as one of the r.>.ain factors rest:-icting 

the diSh~bUtiOn of cattle .. l'it:u.n this area of !·t;l.3.sailar.d . 

; . Actual and tr3.ck counts of cattle and water-dependent wild 

ungulate:> l1ercl conducted at penwlne nt .... ater sources during the 
1 

dry season . Based on the ccunts , cattle ove r.lheL'l'in61y dC<U!1ated 

wild ungulates in numbe r and bioll'.J.ss , Hild brOtlSers wer e better 

r epresented tr..an '~ere 1>'l.ld gra::e r s : a:1 i:1';e l' !:e l'elationshij) 

between c1ttle nne. \;'ild grazer r epresentation was evident . 
I 

6. Cattle and uild Wlgulate distributions durin£ the ',;et seaso:'} 

were determined ':)y recor-'....ing anirnals alo~ driven transects . 

Data were presented for the 7 r.ost numerous ·..dId gr a::.ing 

ungulat es . Ecological sep3.ration at the habitat level Na5 

demonstrated fo r the I.i.ld '.l11gulat&s based pri!r.arily on habitJ.t 
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phy~iognon~ arn floristics related to herb lay~r composition 

and. structure. cattle, whose habitat choice was determined 

~. their owners, showed a less well defined habitat segregation 

compared to the \iild ungulates. Zebra and wildebeest were the 

:r.ost 1lI:.!Ilerous ... i.ld wlCulates. Ungulates pre£.~rring open habi-

ta ts and ~hort grasses (\lildebeest and Grant I s gazelle) had the 

highest J:ercentage occurrence in the cattle ~lt while the 

reverse \-laS true for species preferrir.g till grass habitats 

(kongoni and Or,rA)' 

7. Haasai movement patterns .rere sumrr.arized and this and other 

factors \-lhich have contr:'buted to habitat deterioration \fere 

discussed. The importance of reversing adverse environmental 

trends \-laS underscored and it \-laS concluded that this required 

basic ch1,ges in traditional attitudes to\·lard livestock hus.~dry. 
8. Dr'J season distributions of cattle and .dld ungulates were 

discussed in tre light of competition theorJ' It was concluded 
I 

that during the dry season, large concentrations of cattle did 

not exclude \dld ungulates but they did affect the species 

represented. It was postulated that competition, as reflected 

~J distributional displacement, occurred between cattle and 

wild W1gulate grazers whose food habits most closely overlapped 

with those of cattle. Due to disease constraints and lack of 

suitable alternate water sources, the l~sai kept their cattle 

in dr"J season locales past the point at which the forage situation 

resulted in emigration b,y water-dependent .dld grazing ungulates. 
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cattle occ~pied the entire spectrum of grazing niches as a 

result of a combination of their superior numbers, their 

owners' directive influence, and the dlJ- season convergence 

of grazer diets and thus outcompeted ~~ld gra~ers during 

this season of resource limitation. 

9. Cattle and wild ungulate wet season distributions were discussed 

L~ relation to habitat preferences, feeding strategies, and 

competition. It 'l-ras postulated that wet season gra~ing in 

the cattle belt by wild ungulates was a form of competition 

,iith cattle because it decreased the amount of forage available 

to cattle during the follo\-dng dry season. It was concluded th:lt 

wildebeest and zebra were the competitors of greatest p~tential 

because o~ their numbers, food habits, and distributional overlap' 

with the lattle belt. In terms of direct (spatial and temporal) 

interaction, cattle, through their ~odi~Jing effects cn the 

habi tats, appekred to compete directly. ',d th grazing ungulates 
1 

preferring tall grass habitats (kongoni, oryx) ,mile bcili ta ting 

use of the herb layer by species preferring shcrt grasses ( ... lilde-

beest, Grant's gazelle). 
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Appendix Table 1. List of plant species identified in 1:37 sample 
stands. south Maasailand. 1977. Identifications 
verified by East African Herbarium, Nairobi. 

Plant Species Family 

~ Species 

Acacia ancistroclada Brenan 
~t:.anolobium Harms ex Sjostedt 
!. ~ Schweini'. subsp. platycarpa 

Brenan 
A. gerrardii Benth. var. gerrardii 
A. nilotica (L.) Dal. subsp. subalata 

(va tke) Brenan 
!. senegal (L.) Willd. var 0 senegal 
A. seyal Del. var 0 ryal 
A. tortills (Forsk. Hayne subspo 

sPiroca3a (Hochst. ex A. Rich.) Brenan 
A. xanthop oea Benth 
Adansonia digi tata. L. 
~ ~ (Roxb.) Boivo subsp. 

sericocePhala (Benth.) Brenan) 
A. anthelmintica Brongn. 
A. harveyi Fourn. 
A. petersiana (Bolle) Olivo 
~ garckeana. (F .H.) Exell. and Hill. 
Balanites aegyptiaca (L.) tel. 
Boscia angustifolia A. Rich 
~ abbreviata Olivo subsp. ahhre"ida 
Combretum apiculatum Sond. 
C. molle G. Don 
comiiiiohora africana (A 0 Rich.) Engl. 
C. caerulea Burtt 
c.. ascariensis Jacq 0 

C. mossambicensis Olivo) Engl. 
~. schimperi (Berg) Engl. 
))Llbergia melanox,ylon Guill. & Perr. 
D. ni tidula Bak. 
Dombeya rotundii'olia Harv. 
EI"Jthrina abyssinica A. Rich 
E. burtii Bak. i'. 
E'uciiOrbii' ca.r.delabrum Trem. ex Kotscby 
Ficus gnanhalocarpa (Miq.) A. Rich. 
£:. ingens Miq. 
Heeria reticulata (Bak.f.) Engl. 
I.a.nnea ala ta (Engl.) Engl. 
1. humilis (Oliv.) Engl. 

.. .'~ t -~--. ----* : i 

. ~'j 'j'" , • ! 

~, . il.ji";i~.k~~.~, ,'i~~I¥'S~: 

Mimosaceae 
Mimosaceae 
Mimosaceae 

Mimosaceae 

Mimosaceae 
Mimosaceae 
Mimosaceae 

Mimosaceae 
Mimosaceae 
Bombacaceae 

Mimosaceae 
Mimosaceae 
Mimosaceae 
Mimosaceae 
Malvaceae 
Simaroubaceae 
Capparaceae 
Caesalpiniaceae 
Combretaceae 
Combretaceae 
Burseraceae 
Burseraceae 
Burseraceae 
Burseraceae 
Burseraceae 
Papilionaceae 
Papilionaceae 
Sterculiaceae 
Papilionaceae 
Papilionaceae 
Euphorbiaceae 
}of;)raceae 
Moraceae 
Anacardiaceae 
Anacardiaceae 
Anacardiaceae 
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Appendix Table 1 . List of plant species identified in 137 sample 
stands I south Haasailand , 1977 (continued) . 

Plant S~cies 

1. scoimneri (A . Rich.) Eng!. 
L . stuhlmani; (Engl.) Eng!. 
10 triplwlla Eng!. 
Lonchocarnus eriocalyx F.arms 
Pannea caoensis Eck . & Zeyh . 
Poucartia birrea (Hochs t.) Auor . 

(syn . Sclerocar;a birrea) 
steganotae~;a araliacea Hochst . 
Strychnos ootaton.u:l L.f . 
'i'errninalia 1::: .. ownii Fres. 
1 . spinosa Engl. 
Veoris glomerata CF . Hafrm . ) Engl . 
zanthoxylum. chalvbeum Engl . 
Zizinhus mucror~ta Willd . 

Shrub/Bush & Short Tree Soecies 

Acacia br evisoica ~.arrr.s 

A. kir!d.i Oliv o subsp . kirkii var . 
- intermedi2. Br81"..arl ---
A. mellifer a (Vahl) 3enth subsp . mellifero 
A. e:tuhlmaIrii Taub . 
ACaJ,Y!Jha or!".ata A. pj.ch . 
Cadaba farinosa Fersk. subso . adenotricha 
----mIIg & 3ened . ) R. . A. Graha.':l 
Canthia~ lactescens r~ern 
Caouaris torr-entosa Lam . 
Car-'..iosmeafricana 5ureau 
Cassioourea "-ollis (R .E. Fries) Alston 
Caucanthus aUriCtiIatus (Redlk . ) Nied . 
Cis sus cernifolia (Bal<: . ) Planerl 
Cleroder.drun: sp. = Richards 28442 
Clutia abvssinica Jaub. & SF-'lch 
Cor.ndohora mollis (Olov.) EP~I. 
Conyza pyrrhocaooa A. Rich . subsp . 

oblol".l'!ife1;a (0 . Hoffm . ) hild 
Cordia ~ R. Br . 
~ . ouarensis Gurke 
Q. . s inensis Lam. 
Croton dichogamous Pax 
~ . menvhartii Pa.'i: 
C. oolytrichus Fa.'i: 
Cussonia jatr oDhoides Hutch & 3ruce 

,. 

Anacardiacea.e 
Anacardiaceae 
Anacarciiaceae 
Papilionaceae 
sapind.aceae 

Anacardiaceae 
Urnbelliferae 
Loganiaceae 
Combretaceae 
COl'llbretaceae 
Rutaceae 
Rutaceae 
Rhan!naceae 

l'!i.mosaceae 

Mimcsaceae 
11i:r.csaceae 
Hi.zltOsaceae 
E".lphoroiaceae 

CaDl:a.raceae 
?ubiaceae 
Ca;;paraceae 
110raceae 
:uri::ophoraceae 
Halpighiaceae 
Vitaceae 
labiatae 
::uphorbiaceae 
Burseraceae 

Composi tae 
30raginaceae 
30rnginaceae 
BCI'"agina.ceae 
E:uphorbiaceae 
Euphorbiaceae 
Euohorbiaceae 
Araliaceae 
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Appendix Table 1. List of plant species identified in 1:37 sample 
stands, south Maasa.Uanci, 1977 (continued). 

Plant Species 

ta,syschaera robecchii Lopr. 
Dichrostacbys ~ (L.) Wight &: Arn. 

subsp. cinerea 
. 12. cinerea:l'L.TWight &: Arn. subsp. 

n;yassana 
Dombeya sp. cf. D. WarIneckii Engle 
Eryt."1rococca bongensis Pax 
Euphorbia ~ Vahl 
E. scheffleri Pax 
Grew~a bicolor Juss. 
G."""fOrbe~ • a. t.embensis Fresen. var. kakothainnos 
- (K. Schum.) Btn'ret 
G. villosa Willd. 
Helinus integrifolius (lam.) Kuntze 
Hoslunda opocsita Vahl 
Hymenodictyon parvifollum Oliv. 
Linpia ukambensis Vatke 
I;{cium euronaeum L. 
Maerua crassifolia Forsk. 
M7edulis (Gi1g &: Bened.) DeWolf 
H. p:ar;G1olia Pax 
M. triph.ylla A. Rich. var. johannis 

Volkens &: Gilg 
Markhamia zanzibarica (Boj. ex Ie.) K. 

Schu.'U. ex Engl. 
M:l.ytenus heteroph,ylla (Eckl. &: Zehy.) 

N. Robson 
H. outterlickioides (Loes.) Eleell &: Mendonca 
H. eenegalensis (lam.) Eleell 
Mundulea sericeae (Wil1d.) A. Chev. 
Ochoa ovata O. Hoffm. 
0CIiiiUin suave Wi1ld. 
Ocimwn ;p.-
Opilla celtidifolia (Guill. Perr.) EndJ.. 

ex walp. 
QrmocarO'.l1l1 ld.rld.i S. Moore 
Q. trach.ycarpwji( Taub.) Harms 
Q. trichocarpwn (Taub.) Engl. 
Pavetta dolicantha Brem. 
~niifolia A. Rich. var. gardeniifolia 
Ph,yllanthus fischeri Pax 

Family 

Amaranthaceae 

Papi1ionaceae 

Papillonaceae 
sterculiaceae 
Euphorbiaceae 
Euphorbiaceae 
Euphorbiaceae 
Tiliaceae 
Tillaceae 

Tillaceae 
Tillaceae 
Rhamnaceae 
labiatae 
Rubiaceae 
labiatae 
Solanaceae 
Capparaceae 
Cappa.raceae 
Capparaceae 

Capparaoeae 

Bignoniaceae 

Celastraceae 
Celastraoeae 
Celastraceae 
Papillonaceae 
Qchnaceae 
Labiatae 
labiatae 

Opiliaceae 
Papillonaceae 
Papillonaceae 
Papillonaoeae 
Rubiaceae 
Rubiaoeae 
Euphorbiaoeae 
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List of plant species identified in 137 sample 
stands , south Maasailand , 1977 (continued) . 

• 

3ip . 

Verbenaceae 
Ver ;,enaceae 
Rubiaceae 
Rhan!naceae 
Anacard,iaceae 
A!'.aC3.rdiaceae 
Solanaceae 
Sol.ar>.aceae 
Loganiaceae 
Capparaceae 
~~eliaceae 

Conpositae 

'Li~'~fO·~C~v~c,le~·"-f2a"bO'O·~t ?=Perennial t~ui'ted · INJ'W) ~~"- .. 
A=Annual s=stoloniferous 

r=rhizomatous 

A Grareineae 
pt Grat".ineae 
At Grar.ineae 
pt Cra.-:-.ineae 
At Grat.".ineae 
pt GramL1cae 
A Gr .:u:ti.neae 
A Gramineac 

Rupr . At Gramineae 
Griseb . A Gra:r.ineac 
) Stapf A Gramineae 

A Granineae 
A Grar".:ineae 
A Grar.ineae 
A Gramineae 
pt Gramineae 
A Grrurineae 
pt Gramineae 
A Gr rurineae 

(Hochst . ) 
pt Grarnineae 
p, Gramineac 

Schum . ) PHg . p, Gramineae 
(Schweinf . ) 

pt GrM.ineae 
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Appendix Table 1. List of plant species identified in 137 sample 
stands ~ south Maasailand t 1977 (continued). 

Plant Species Family 

~ctlloctenium ae~tium (t. ) 
Eeauv. A Grami.neae 

Dicanthium a.nnula.tum (Forsk.) 
stapf var. pamllosum (A. Rich.) 
DeNet & Harlan Pt Gramineae 

D. ir.sculDtum (A. Rich.) Clayton Pt/s Gramineae n. radicans (~hm) Clayton Pt Gra.mineae 
Die taria rr.acrcbleohara (Hack.) 

stapf Ps Gramineae 
Q. milanjiana stapf Ps/t Gramineae 
D. rivae (Chiov.) Stapf A Gramineae n. veMina (Forsk.) Beauv. A Gramineae 
Dinebra retronexa (Vahl) Panz. A Grau>ineae 
Drake-Brockmania somalensis stapf A Gramineae 
Echinochloa colona (t.) Link At Gramineae 
E. haDloclada (stapf) Stapf Pt Gramineae 
Enneanogon cenchroides (Roem. & A 

Schult.) Hubbard (robust) . Gramineae 
E. desvauxii Eeauv. Pt Gram:ineae 
EnteropolZon rnacrostach.vus (A. 

Rich.) Benth. Pt Gramineae 
Eratzrostis ~ (Jacq.) Nees. A Gramineae 
E. caesm tosa Chiov. Pt Gramineae /' 

E. cilianensis (All.) Lutati A Gramineae . 
~. c;'llindriflora Hochst. At Gramineae 
~. ~ (t.) P. Beauv. At Gramineae 
g. ~lIees. At G:-an:ineae 
g. ~Rendle Pt Gramineae 
E. suoorba Peyr. Pt Gramineae 
E. Vi'S'COsa (Retz.) Trin. At Gra.."1ineae 
EriOciiIOa nubica (Steud.) Thell. A Gramineae 
Eustach.YS pasoaloides (Vah!) 

Lanza & &ttei Pr/s/t Gramineae 
Gilgiochloa ir.durata Pilg. A Gramineae 
Hartoachne schimperi A. Rich. Pt Gramineae 
Hetercpogcn contortus (L.) 

Beauv. ex Roem. & Schult. Pt GralI'.ineae 
Holcolemma transiens (K. Schum.) 

Stapf c.. E. Hubb. A Gramineae 
HYparrher.ia ~ (L.) Stapf Pt Gramineae 
H. papillipes (Hochst. ex A. 

Rich.) Anderss. ex stapf Pt Gramineae 
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Apt=endix Table 1 . list of plant species identified in 137 sample 
sta.nds , south p';l..asailand, 1977 (ccntim:.ed) . 

Plant Species 

HYperthelia Cissoluta (Nees 
ex Steud . ) Clayton 

Ischaer;u.!ll ~ (Grnel . ) r:andy 

.e . han:r..i.25tonh Stapf 
E. r.'.as£aience Hez 

f . maxiniurn Jacq . 
.e. oor":l.jYIThizQS Steud . 
Pennisettn r.assaic~ Stapf 
P. mezianUl:! Leeke 
E. s'trarn; neU!lI Peter 
Rhvnchelvtrum ~ (Willd . ) 

Hubbard 
Rottboel'~a exnJ.tata Lin.'1 . f . 
setaria acromelar~ (Hochst . ) 
~ & Schin= 
§ . holstii Eer:-m . 
S. incrassata P.ack . 
§. t\'lillcie- fusca (Schunach.) 

stapf & Hubbard 

pt 
pt 

(with short 
rhizolr.es) 

A 
Ps 
Pt 

?s/t 
('lariahle 
habit) 

A 
P or 
robust A 

P 
pt 
pt 
pt 

Pc/t 
A or 

short-lived. P 
A ( r obust) 

A 
pt 
pt 

pt 

Family 

Graznineae 
Gramineae 

Gra:--.ineac 
Gra.m:i.neae 
Grar.'.ineae 
Grarr.ineae 

Gramir.eae 
Granineae 

Grar.:ineae 
Gramineae 
Gratr.ineae 
Gramineae 
Grardneae 

Gramineae 

Gramineae 

Gramineae 
Gran:ir.e-ae 
Gra. -:ineae 

Gramineae 
.2. schacelata (Schumach. ) Stapf 

& Huoo3.rd 
S. verticillata (t . ) Beauv . 
Sore:hurn 'JersicOlor Anderss . 
Soorobolus agrostoides CP~ov . 

S . arumstifolius A. Rich . 
S. consimilis Fresen . 

Coss . 

Th . D.lr. & 

A 
A 

A (robust) 
pt 

P (caespi tose ) 
F (robust 

Graztineae 
Gra.r.ri.neae 
Grarnineae 
Grar.rl.neae 
Grareineae 

tussock grass- Gran:ineae 
stolon5/rhi~o~~5) 

At Gramineae 
pt Gra!!Lineae 
F't Gracineae 
Ps Gra."ilineae 
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Appendix Table 1. IJ.st of plant species identified. in 137 sample 
star.ds, south M3asailand, 1971 (continued). 

Plant Species 

S. ioclados Nees 
~. pellucidus Hochst. 
.§. pYramidalis Beauv • 
.§. spicatus (Vahl) Kunth 
Tetrapogon cenchriformis (A. 

Rich.) Clayton 
Thelooogon elegans Roem. & 

Schult. 
Themeda triandra Forsk. 
Trwrus berteronianus Schult 
UrOChloa genricula.ta 
u. mossambicensis (Hack.) Dandy 
li. trichoC1lS (Hochst.) stapf 

Bulbostylis sp. 
CYperus immensus C.B.Cl. 
~. longus. L. 
C. obtusinorus Vahl 
C. rotundus L. 
MariSCl:.S mollipes C .B.Cl. 

Forbs and UnderstorY srrrJbs 

Abutilon grandiflorum G. Don 
A. guineense (Schum.) Bak f. 
A •. mauri tianum Don. 
Ach.yranthes a(pej L. 
Aerva lanata L. Juss. 
Aiii:irintiiUs'"iraecizans L. 
Aneilema sp. 
Anthericum sp. 
Asparagus sp. 

Ps 
P (caespitose) 

Pt 
Ps 

A 

A 
Pt 
A 
A 
A 
A 

Habit 
F=fo~ 
WS=woody shrub 
SS=soft shrub 
C=climber 

Aspilia mossambicensis (ali v.) \-lild 
Astripomoea hyoscyamoides (Vatke) 

55 
55 
55 
55 
F 
F 
F 
F 
55 
55 
55 

Verdc. 

Family 

Gramineae 
Gramineae 
Gramineae 
Gramineae 

Gramineae 

Gramineae 
Gramineae 
Grar.:ineae 
G .. a.rtineae 
Gramineae 
Gramineae 

Cyperaceae 
Cyperaceae 
Cyperaceae 
Cyperaceae 
Cyperaceae 
Cy'peraceae 

/' 

Malvaceae 
Malvaceae 
Malvaceae 
Amaranthaceae 
Amaranthaceae 
Amaranthaceae 
Ccmmelinaceae 
Liliaceae 
Liliaceae 
Compositae 
Convolvulaceae 
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List of clant sDecies identified in 1J7 samFle 
stands , south j-laasailand , 19n (continued) . 

Fa!T.:i.ly 

Anders F Acanthaceae 
. ) Mat t! • F Compositae 

LinC.au F Acantha-ceae 
\<5 Acant.haceae 
\<5 Labiatae 
F Ccnposit:ie 

Lindau F Acanthaceae 
F Acar.thaceae 
F :>ytaginaceae 
F Caesalpiniaceae 

var. 
F Ulaceae 
F Lilace.:ie 

Cogn . e Cucuroitaceae 
e Cuc\:!'oitaceae 

L. F COrr.:!elinaceae 
F Comnelin.:;.ceae ,. Acanthaceae 

F Ccn:positae , Sc rophula~aceae 

F Papiliol'.aceae 
F Papilionaceae 

55 Papiliol',.1.ceae , Papilion.:;,ceae 
e Cucurbi taceae 
F Cucurbi taceae 
F Amarar.tru..ceae 
F AIr.aranthaceae 
F Amaranthac~ae 

F Scrophulariaceae 

F Vitaceae 
i)!sc . Vitaceae 

F A.!I'.aranthaceae 
S5 Papilicl".aceae 

liS Acant.'-l.aceae 
F Composi tae 

F Compcsitae 
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Appendix Table 1. List of plant species identified in 137 sample 
sta.nC.s. south Maasailand t 1977 (continued). 

Plant Species Family 

Erucastrum arabi cum Fisch. &: Mey F Cruciferae 
Euphorbia crotonoides Boss. F Euphorbiaceae 
E. inaauilatera Sond. F Euphorbiaceae 
Felicia ab ssinica A. Rich. subsp. 
• negheler.sis cur.) Gran F Compositae 

Gisekia charnaceoides L. var. 
pharnaceoides F Aizoaceae 

Gnachalium luteo-album L. F Compositae 
~ alternifolia (0. Hofi'm.) 

Hutch. &: Blune F Compo sitae 
Heliotropium steudneri Vatke F Boraginaceae 
Hibiscus calyph,yllus Cav. SS MIiolvaceae 
H. cannabinus L. S5 Malvaceae 
H. £lavifolius Ulbr. S5 Malvaceae 
Hirpicium.diffusum (Oliv.) Roess. F Compositae 
~ alr/ssinica Soh .... Parasite RYdnoraceae 
Indigofera ~ A. Rich. S5 Papilionaceae 
I. volkensii Taub. F Papilionaceae 
IP2moea hildebrantii Vatke 55 convolvulaceae 
!. lol".gi tuba Hall. f. SS Convolvulaceae 
I. mombassana vatke C Convolvulaceae 1. pes-tigridis L. F Convolvulaceae 
Jatrooha sp. F Euphorbiaeeae 
Justieia ~ S. Moore F Acanthaeeae 
J. £lava Vahl F Acanthaceae 
i. he't'erocaW T. Anders. F Acanthaceae 
J. w:.cinulata Olivo F Acanthaeeae 
Kedrostis hirtella (Naud.) Cogn. C Curcurbitaceae 
Kouhatia caespitosa Sohizl var. 

amaniensis (K. Krause) Bremek. F aubiaceae 
Leonotis mollisima Guerke 55 labiatae 
Leonotis sp. 55 labiatae 
Leucas concinna Bak. F labiatae 
MeTIiiiiia ~ (Cav.) Spreng "15 5terculiaceae 
Momordica boivinii Baill. e Cucurbitaceae 
Monechma.~ (Forsk.) Nees F Acanthaeeae 
Monsonia angustifolia A. Rich. F Geraniaceae 
Neorautanenia mitis (A. Rich.) Verde. 5S Papilionaceae 
Neuracanthus sp. A of Upl. Kenya 

Wild Flowers WS Acanthaceae 
notonia coccinea Oliv. &: Hiern F Compositae 
OXygomm sinuatum (Meisn.) Dammer F Polygonaceae 
~ patens (Andr.) Chiov. 55 Halvaceae 
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Appendi."t Table 1. List of nlant species identi~ied i n 137 sa~ple 
stands , south Maasailand , 1977 (cor. lim.:.ed) . 

Plant Species 

• 

S. Hoare 
L. 

Techrosia subtriflora. 3.1.k . 
1. villosa (L . ) Pers . subsp . 

ehrenbergial".a (Sch'"eini' . ) 8n.:.mmi t:. 
Tragia sp . 
Trianthe"a salsoloiries Olivo 
Tribulus terrestris 1-
Trioloccohalum holstii O. Hoffm . 
TriUJl'.fetta flavescens A. Rich . 
Vigna fru t escens A. Rich . var . 

fru tescens 

Farr.ily 

F Rubiaceae 
W5 Euphorbiaceae 
'"5 CarJoFhyllo.ceae 
F ?or lulacaceae 
F Port ulacaceae 
F Scrophulariaceae 
F Papilio(l..:;.ceae 
VIS A!r.ar anth,::,ccae 
55 Panilionaceae 
~olS }!aivaceae 
1-IS Solanaceae 
55 Sol<:""13.ceae 
55 Composi tae 

F Por lulacaceae 
F Papilionaceae 

55 PalJilicnaceae 
F Eu~horbiaceae 
F Aizoaceae 
F ZygC!::hyllaceae 
55 Ccmr:ositae 
55 Tiliaceae 

F 
Pa.pilionaceae 
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Appendix Table 2. SWrunarized oonstancy table showing absolute and 
percentage ccnstancy by species for 137 stands, 
south Maasailand, 1977. 

Species 

Cenchrus ciliaris 
Aristida adscensionsis 
COmmi~ora schimperi 
Theme trianCIra 
Soliilum incanum 
Tragus berterOilianus 
Acacia tortilis 
cornmrphora africana 
Grena bicolor 
EraifrOstrs'CITianensis 
Eustachys oascaloides 
Cynodon nlemfuensis 
~ roxburgbiar.a 
Pennisetum mezianum 
~ angustifolia 
~ virgata 
Dactyloctenium aegyptium 
Panicum coloratum 
~ia macrcblephara 
Sporobolus fimbriatus 
Astripomoea hyoscyamoides 
Dip taria milan jiana 
Grena tembensis 
seriCOcomopsis hildebrantii 
~ senegal 
Acacia mel1i£era 
commrphora ~Adagascar1ensis 
Balanites aeg;yptiaca 
D.1ospe~.a. ki1imandscharicum 
Sporobo1us £estivus 
Cordia sinensis 
nrcanthiwr. radicans 
Era.grostis ~ 
Lannea humi1is 
ErYaiii~folia 
Digitaria velutina 
Urocbloa mossambicensis 
Acacia etbai.ca 
~ maximum 
GreWIafOTbeSIT 
BriCiiiaria pubiiolia 

Absolute 
constancy 

89 
88 
86 
81 
75 
69 
68 
65 
61 
56 
50 
48 
48 
47 
47 
44 
44 
42 
39 
38 
38 
38 
37 
36 
36 
J4 
34 
34 
33 
31 
31 
30 
29 
29 
29 
29 
29 
28 
27 
27 
26 

Percentage 
constancy 

65 
64 
63 
59 
55 
50 
50 
47 
45 
41 
37 
35 
35 
J4 
34 
32 
32 
31 
28 
28 
28 

'28 
27 
26 
26 
25 
25 
25 
24 
23 
23 
22 
21 
21 
21 
21 
21 
20 
20 
20 
19 
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Species 

1,0 

S\lJ:'JI'.arized cons tancy table showing absolute ar.c:!. 
percentage constancy ~ species for 1)7 stands , ~ 
south P.aa.sailand , 1977 (continued) . 

Absol ute 
constancy 

26 
26 
26 
25 
24 
22 
22 
21 
21 
19 
19 
19 
19 
19 
18 
18 
17 
17 
16 
16 
16 
16 
16 
15 
15 
15 
15 
15 
15 
14 
14 
14 
14 
14 
IJ 
IJ 
IJ 
IJ 
IJ 
IJ 

percentage 
constancy 

19 
19 
19 
18 
17 
16 
16 
15 
15 
14 
14 
14-
14 
14 
IJ 
1J 
12 
12 
12 
12 
12 
12 
12 
11 
11 
11 
11 
11 
11 
10 
10 
10 
10 
10 
9 
9 
9 
9 
9 
9 
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Appendix Table 2. Summarized constancy table showing absolute and 
percentage constancy by species i'or 137 stands, 
south Maasailand, 1977 (continued). 

Species 

Setaria oallide-i'usca 
~e sChimperi 
Brachiaria semiundulata 
Albbia amara 
EliDiiOrbia:cunea ta 
Heeria retiCUIita 
cadaba i'arinosa 
Licpia ukambensis 
Lintonia nutans 
Asoilia mossambicensis 
Croton Eolytrichus 
Cassia mL~osoides 
'Di'C'h'rOstachys cinerea 
Pennisetum stramineum 
Setaria acromelana 
DemeY! sp. 
Eragrostis rotii'er 
Echinochloa colona 
Barleria ramUICiS'a" 
Setaria verticillata 
~go!l exoavatu'S 
Urochloa gemicu1a ta 
Rhus tenuinervis 
cyj?hostemma orondo 
Lonchocarpus eriocaLyx 
Setaria holstii 
UrOchIOa triCho'cus 
Mariscus mollices 
Combretum molle 
Dombeya rottiildIi'olia 
Indigo£era volkensii 
Maytenus heteroph.vlla 
Eriochloa nubica 
Albizia antheImintica 
EiiOiiOrbia candelabrum 
Premna oligotricha 
cynodon Dlectostachyus 
~seyal 
Leuoas ooncinna 
Croton dichogamous 

Absolute 
constancy 

13 
12 
12 
12 
12 
11 
11 
11 
11 
11 
11 
11 
10 
10 
10 
10 
10 
9 
9 
9 
9 
9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 
7 

Percentage 
constancy 

9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
7 
7 
7 
7 
7 
7 
7 

,-7 .' 7 
7 
7 
7 
7 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
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Appendix Table 2 . SUnmarized constancy table sho",i.ng absolute and 
percentage constancy by speci es for 137 stands , 
south ~.aasalla.'1d . 1977 (continued ) . 

Absolute Percentage 
Species constancy constancy 

7 5 
7 5 
7 5 
7 5 
7 5 
6 4 
6 4 
6 4 
6 4 
6 4 
6 4 
6 4 
6 4 
6 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
5 4 
4 J 
4 J 
4 J 
4 J 
4 J 
4 J 
4 J 
4 J 
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Appe ndix Table 2 . $'ur.'I:l'.tri=.ed constancy table shC",,"ir.g absol ute and. 
percent.1.ge constancy boJ !: pecies f or 1J7 stands . 
south Ma.asailand , 1977 (continued) . 

Absolute Percenta.ge 
Species constancy constancy 

4 ) 
4 ) 
4 ) 

exaltata 4 ) 
4 ) 
4 ) 
4 ) 
4 ) 
4 ) 
) 2 
2 1.5 

90 1 .7 

' .. 
'~.'.,. 

,. " 'i::.-
t ,.l~"ti· 

" 
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Apperrlix Table J. SI.:'!I!S of squares and percentage ext rac ti ons for 
s tand ordir.at i ons . 

!.Xi, 

" X 

y 

z 

TOTAL 

x 
y 

z 

TOTAL 

', ; 

27 stand Ordination (Fig . 5) 

SS 1> atrac tion 

243593 .)8 38 .52 

152228 .44 24 .07 

77101.00 12 .19 

74 .78 

46 Stand OrCination (?ig . 6) 

§§ 

204418.50 

177261.75 

86725 .69 

% Extraction 

, 

24 .35 

21 .11 

10 . )) 

;5 .79 

'·1 
.~ .,.. 
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Several of the less common grasses have no names and are referred 

to simply as grass (okuji ta ), while other species of obvious taxonomio 

differenoe but similar forage value are lumped together under a single 

name. Thus grasses are often viewed and named on the basis of 

·funotional. rather than taxonomic criteria. 

Of the grass speoies which are recognized by name, two general 

categories oan be differentiated. In the first are those grasses which 

have individually exclusive names. These species are usually either 

very widespread ard abundant (~ triandra) , and/or have notice­

able morphological or ecological characteristics (Sporobolus spicatus, 

Pennisetum mezianum) I or less commonly a peculiar use distinctive from 

grazing (Sporobolus consimilis). 

The second. category is comprised of groups of species of similar 

grazing value which are often named after one oharacteristic g!ass 

witbin the group. Thus, while the name refers speoifically to one 

grass (e.g. Digi taria macroblephara), other species of similar 

palatability (e.g. ~ coloratum) are somewhat loosely referred 

to b.Y the same name even though taxonomio differences are recognized. 



Appendix Table 4. Comon grass species. their Maasai names and 
Maasai rated palatability (refers to Ilkiscngo 
Maasai~ See attached statement. 

Grass species 

Aristida. app. 

Cenc~~ ciliaris 

~ pYCnothr:ix 

~ roxburghiana 

Cymbopogon excavatus 

Cynodon nlemfuensis 
[:""'j?I8ctostaChYUS 

Dl.canthiwn annulatwn 
~. insculptwn 
Q. radicans 

Maasai name 

Qrkiriaan 

Endiamoinwa 

Engipumbu 
(Orkiriaan ) 

Engaidosi 

Olkujita 
lorung'ojinia 
(literally: 
hyena grass) 

Olkujita 
lorungbjinia 
(literally: 
hyena grass) 

Klasai rated pala tabili ty 
and cOIl'Jnents 

"useless grass" 
"cattle eat it when its 
green and a bit when i i!s 
dry but its very suscep­
tible to ,,:ind and 
trampling and cattle 
can't eat it once its 
laying flat" 

livery good for cattle -
lasts during the dry season" 
Ita good grazing grass 
especially coman in the 
drier (orpurkel) areas II 

"useless for cattle" 

If'.ediwn quality grass 

"cattle hate it - they 
would be better off eating 
paper" 

"cattle prefer it because 
it rer:ains green after 
other grasses have dried 
up II 

"it is poisonous in early 
growth stages (from 
beginning of rains until 
January) so tha. t herders 
avoid it at that time ll 

"cattle don't graze 
these grasses because of 
the smell II (high in 
essential oils) 

... ~:: .. ~ " 
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Appendix Table 4. Common grass species. th€:ir Maasai names and 
Maasai rated pala tabili t:r (continued). 

Grass species 

Digitaria 
macrobieEhara 

Enterocogon 
macrc·stachyus 

EraPzrostis ~ 
~. cilianensis 

Eragrostis ~ 

Eustachys pasoaloides 

Han:achne schimreri 

Heterooogon contortus 

H.ypa.rrhenia hirta 

Haasai na!l!.e 

Erikaru (refers 
specifically to 
this grass 
although other 
grasses of 
similar palata­
bility are often 
loosely called 
by this name 
as well) 

Olopikidong'oi 

Engipumbu 

Erikaru 

Engaidosi 

Maasai rated Fala tabili ty 
and conunents 

"cattle will only eat them 
during periods of acute 
forage shortage in the 
dry seasonll 

probably considered to 
be the best grazing grass 
throughout ~ailand 
lithe number one .food for 
cattle" 

"very good graes .for 
cattle-their .f~es are 
good and firm while eating 
this" 

medium quality grass 

poor qualit,y grasses 

good quali t,y but iil.fericr 
to Digitaria u~croblephara 

"good for cattle at all 
seasons" 

"cattle can eat leaves and 
still have the stems to eat" 

Qrki.riaan "useless grass - only comes 
up during the rains" 

Emha orong'ojinia medium palatability 
"good for wet season -
worthless dry season II 
considered a "brother" 
to ~ triandra 

Asajilo Hedium palatability 
IIcattle eat leaves but 
not oulms ll 
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Appendix Table 4 . COIl"JJlon grass sFccies , t heir 1·l;la~3.i rAr:9S an':!. 
Maasai :rated palatability (continued) . 

Grass species 

Microchloa kunthii 

~ coloratun 

Pennisetum mezianum 

Penniseturn straminea~ 

~ 'ler sicolor 

50orobolus consimilis 

5corobolus nelvolus 

500r obolus i oc!ados 

5porobolus Eellucidus , 
Soor obolus snicatus 

Haasai name 

Ong'onyoro 

Erikaru 

Embalakai 

Ologor aingok 
(Ii te:rally: 
t hat which 
strangles 
bulls) 

Asangash 

Or!cerian 

Oloiyeti 

Ngera rratean 

Olol'.yoro 

Orpuriash 

r·l;lasai ra ted f:<l.la tabill ty 
at'.d comments 

"if a cow has only this 
to eat it will d..:.e" 

"good quill ty grass -
si:ti.lar to Digi taria ~ 
!:Iec.~ara" 

"good for grazir.g" 

"good only after a 
burn and in t!:e :U: t 
season - too st.e~· ar.d 
hard in thE- dry SEason" 

"eaten IT"ainl.y in t.he 
'"et sea.son as it beccmes 
quita coarse in the dry 
seascn" 

"cattle donlt iike it" 

"eat t.le ea t in the dry 
season f or lihile it is 
toug..l-J. and coarse, it all.'<l.j'S 
has gr een shoots" 

gcod quality gr·:;.ss 

good q~ality gras~ 

poor for grazing 

"cat.tIe onl.,y eat during 
stress Feriods - if they 
eat too ~ch in ~-y season 
they III die because their 
faeces d...7 up" 

"if JOu see a ccr .... eatin& 
this grass , you knew it is 
near the Foint of starvation 
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Appendix Table 4. Common grass species, their Maasai names and 
Maasai rated pala tabili ty (continued). 

Grass species 

. Themeda triandra 

Trae.'us perteronianus 

Maasai name 
Maasai rated palatability 

and coments 

at which it will begin to 
eat its own faeces" 

Olkujita onyokie "good for wet season 
grazing but its power 
doesn't hold over into 
the dry season" 

Ong'onyoro 

"cattle grazing this grass 
in the dry season ~~ll 
lose condition-however it 
will stave off starvation" 

"if a cmT eats only this 
it will die" 
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Appendix Table,5. Dry season population estimates of ,,;ater-<iepene.ent 
wild ungulates based on actual and track counts at 
pennanent water sources. south Maasailand, dry 
season, 1975. 

water source 
U~aulate numbers 

elephant rhino eland bUffalo zebra wildebeest 

Ndigera waterholes 

Ndorobo waterholes 

Loibor Sirret river 

Mondui river 

Narakau wells 

Naibormurt pools 

Kitiangare river 

Sukuro dam 

Eluenye dam 

Terat river 

Loiborsoit wells 

Lolkisale wells 

TOTALS 



-' , r-;-:-- <-
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T«I'le 6 . 'r.) Lal rlIhnt...:. r s (If llrolr,;;.l s r,·,!o r:i ~ri :l"tollg tl"",Ii ,; ~r:t.s 11)' ~: I~c:l':'u <:.nd hani ta t , Appendix 
T- ... ut season:> , l'/,1'_?h , souLh /{:l.1.sailal,u . • ? 
~ , 

!hllllt)cr s o f :!nilllitl ::: < Ijdbil.ut. !; ca'Llle zeura \-.ildebe r: ~; l ?-lnp.l.ia--ela~G ' EilZ t:li~~on:l· 01':; :< 

f PD( sG) )6nR )101 10657 1 159 !;1~7 u c 
t ?1l:(WJ) 114'/0 21 11 1)2/• 22.9 J6 226 2'1 0 

-_of 1'f-G(Hj/ 50 '111'2 100 281 52 1/2 15<q 47 
m'I'l'C (\-.G) 1675 21q 10 IJ9 28 112 J2 11 
:1t.C(H/bG ) 5'/0 ] )0 21 6~ 0 42 5 0 

• [ 
AC(HJ) 2'5 hJ 55 '/0 0 " 10 r, 
AU.n(fI/\-I~_j ) JJ5 6 0 11'/ " 0 20 0 

\ 
llT!; (00) 200 201 0 85 59 0 109 8 
LCG(B) 0 0 " If7 0 0 0 0 
GG,\t(OjAl) 1',80 58 0 2 r;i1 20 0 0 0 
AfCn(tuj !1 5D G , 0 70 1 0 0 " " Ur..a(OO ) 1220 201 1 :\0 326 257 77 n 139 ~ 

>-' 
CSIfL(LC ) 260 0 0 0 0 0 0 1 
aprCAm(G/onu) IHlO 1711) 1 .~,BO 15 .)115 279 12 21:5 
bPJr.Am(G/tlU:;) J50 62 50 0 )85 '/0 0 1 
Mn(c; ) :'71'5 7<6 J?O " 111 62 0 G 
Sh(G) 21150 10)4 1'+01 0 ll5 155 " 0 



162 

Appendix Table 7 . Distances l ra'/er sed along wet season t r;).Ilocct:;; 
and adjustment factors ba:;;ed on mean visibility 
of ungulates in each habitat . 

Distance Adjust:r.ent 
Habitat traversed(km) factor 

PD(sa) 572 1 

POC (1<' ) 305 1.67 

TPC (I>G) 162 1.67 

mTFC(~) 197 1.67 

dAC(wjl>G ) 244 1.67 

AC (I>G ) 42 1.43 

ALAn (W!1-1J ) 175 2.5 

1l'Il:(ro) 90 2 

LCa( B) 83 3 .33 

GCAt (BjBt) 424 5 

Atcn(BO ) 39 1 
" 

UCAt (EG ) 321 1.67 

CSVL(EG) 50 2 

aptcA1"l(G/BID ) 317 1 

bPOCAm(ajBffi ) 95 1.25 

Pm(a) 141 1 

Sh(a) 145 1 
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Appendix Table 8. ungulate densities by species and habitat (anilna{ /kln
2

) , \let seasons . 1975-76 . 
south Maasailand. 

Animal derHli li~s • 
Habita t cattle zeEira wildebeest impala eland G. ga.:clle kongOlu oryx 

PD(<;Q ) 6 .3 5.4 18 .6 0 0·3 0.8 0 0 
Poc(,,,) 21 • • 5 11.5 7.2 1.3 0.2 1. 2 0.1 0 
TPC (\<;) 0.5 7 .6 1.0 2.9 0.5 a . lf. 1.6 0.5 
mTA:: (l-n ) 9.5 2 .1 0 .2 1.2 0.2 0.9 0.3 0 .1 
dAC (w/Wl) 3 .9 0.9 0.1 O.1~ 0 0. 3 0.03 0 
AC( ' !l ) 0.9 1.1• 1.9 2.4 0 0 0·3 0 
ALAn(w/ Wl ) 4.8 0.1 0 1.7 0 0 0.3 0 
DTC(1lG ) 4.5 4 .5 0 1.9 1.) 0 2 .4 0 .2 
LCO(B) 0 0 0 1.9 0 0 0 0 
OCAL(e/Bt) 16 .3 0.1 0 3.0 0.2 0 0 0 

~ ALCn(llG) 11.7 0 0 1.8 0 0 0 0 '" UCAL(1lG ) 6 .3 1.4 0.7 1.7 1.3 0 .1• O. I.j· 0.7 
v 

CSVI.(1lG ) 10 .4 0 0 0 0 0 0 0 
aPLCAm(O/BltJ) 13.0 5·5 5 .0 0 . 05 1.7 0.9 O.()I~ 0.8 
bPCCAm(o/noo ) 1 • • 6 0.8 0.7 0 5.1 0.9 0 0 
Pm(G) 27 .0 5.4 2.3 0 0.8 0.4 0 0 
Sh(O) 17.0 7.2 9.7 0 0.8 1.1 0 0 

• Number of animal s -: distance traversed x adjustment factor 
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