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Abstrae!: Mo nth ly counts of large he rbiyores on the rangclands of southern Narok Distr icl were cond ucted 
by the Ken ya Aa ngeland Ecologíca l Monitoring Unil (KR EMU) fram December 1978 lo November 1979 
Al thal t ime these rangelands sllpporled )'ea r-long herbivore populat ions of 132/ km: representing a biollu ss 
of 160 kg / ha . The Mara Plai ns, part icularly t he area protecled as the Masai-Mara Na tiona l Reserve, served 
as a critica l dr y season range. Du ring the pea k of the dry season (Ju l). the resident popu lation oí 100,000 
blue wildebeesl (Connochoetes tauri nus ) was slIpplemented wit\¡ large migra lo r}' herds from the Serengcll 
wh ich increased lotal numbers to > 800,000. Burchell's zcbras (Equus bu-rchelli ) and Tho01SOlÚ gazelles 
(Cazella thom son¡) w eTe less migra tory but moved seasona ll y th roug h the Mara. Siana, and Loita rangt) 
units. 
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T he rangelands of sou thern Na rok District 
are among the most importa n! and P(od ucti ve 
in Ken ya. A combínation of relat ively hlgh 
ra infa lJ . rela tiveJy low evapora tíon, a nd ma inl y 
vo lcanic soi ls give lhis area high forage pro­
duc tion pote ntia l (Pra tt an d Cwynne 1977:55­
60). This a rea a lso supports the greatest de nsi­
ties of wild and domestic herbivores in Kenya 
witb a yea r-long average in 1979 of \ 32 ani ­
mals/ km' (Ar,dere 1980). 

Parts of Naro k, particularly the Mara Pla ins, 
p rovide dry sea son ra nge for the Se renge ti mi ~ 

gra to ry herb ivore popula tion, especia ll y \V il­
debeest and zebra. These plains are used hea vi­
Iy between la te June and October, and both the 
dura tion ami intensily of g razing in the Mara 
have in creased not iceably as this migrato ry 
population has expanded since the mid-1960's 
(Sinc lair and Norton-Griffi ths 1979,7). There­
fore, lhe f uture of th is unique and spectacula r 
m ig ratory com plex hinges on the availability 
an d productivit y oE the Mara as wel l as that of 
the wet-season ra nge in Tanzan ia. 

T he introduction of rinderpest aboul 90 years 
ago e Jimi na ted the majori ty of caltJe (80S in ­

diCtJs) , African buffa lo (Syncerus coffer), a nd 
wildebeest. By 1962, rinde rpest bad disap-

I Present address: Ca nad ia n Wild hfe Se rvice, 
# 1000-9942-108 Street, Edmonton, Albert o:¡ T5K 2J5. 
Canada. 

1 Presenl add ress: Canada Centre for Aemote Seos­
ing, e/o Saskatchewan Research Counci l, Saskatoon. 
Saska tchewan S7N OX 1, Canada 

peared a nd popula tions responded with wilde­
beest increasing about 10% a nnually (Sinclair 
1979). Part of this increase eviden tl y was ca used 
by highe r precipitation in the 1970's , especially 
d uring the d r)' season. 

l nc reasing competit ion fo r forage between 
wild life and li vestock, plus the potentia l for 
transmission of di seases, ha ve been of concern 
to pastoralists and resou rce pla oners. In this 
CQ ntex l KREMU set out to measu re the month­
Iy popula tions and d istribu tions of lives tock and 
wildl ife fo r a l- yea r period ex te nd ing from De­
cember 1978 to November 1979. T his report is 
a sum mary of th ese ac ti vities and a comparison 
of these find ings with previous st ud ies. 

Th is st udy represents a team effort . Aerial 
b io logis ts involved in the study were M. !vi u­
gambi, M. Ngatia, a nd J. Vv. Ku(wa fwa. Aerial 
observers were B. B. Rabur u and S. Sika wa. The 
aircra ft we re piloted by A. M. Stepa oo\Vich and 
B. C. Prat! . E. W. Kabaru, J. K. C hemjor, and 
G. N. KLil u assisted with preparat ion of lables 
and fig ures. Special ack nowledgment is glven 
to S. N. Nganga for supervising the stat istica l 
ana lyses. Critica l reviews of the odgi nal repor ts 
upon which t his ma nuscri pt was prepared were 
provided by M . Norton-C riffi ths, D. VVestern, 
and P. Kucha r J. Naiguran, warden of Ma ra 
Natiooal Reserve, p rovided insight io to region­
al land use conOict s. W. E. Stevens and D. K. 
Andere, projecl ma nager and co- ma nager, re­
spectively, organized the project and provided 
adm inis trati ve and logistic su pport. 
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Fig. 1. The 3 range unils on lhe Narok Study Area. Kenya. 

STUDY AREA 

Narok District is loca ted in southwes te rn 
Kenya. The rangelands of the southern pa rt of 
the district are bounded on the east by the Rit't 
Valley, on the southwest by the Kenya- Tao· 
zania border, and on the north west by the Sir ia 
Escarpment. This area is roughly tria ngular in 
shape, covering an aTea of approximately 7,500 
km2, of which 6,400 km2 were surveyed. 

Three range un its d iffering f rom a b iogeo­
g raphic and clima tic standpoint can be recog­
nized (Fig. n (1) Mara- a 2,350 km' Themeda 
grassland in the western port ian cf th e st ucly 
a rea, (2) Loita- a 2,200 kmt dwarf -shrub and 
whistling thorn (Acacia d repanolobium) grass­
land 01 the Loita Plains, a nd (3) Siana- a 1,850 
km2 area of hills a nd p la ins supporhng C rOl.on 

bush and severa l other woody species inter ­
spersed with grasslands. Twelve main habita t 
types are represented in the study area (Table 
1) 

Rainfall is associated loosely with moveme nt 
of the low pressure 1n tertrop ical Convergence 
Zone (Brown and Cocheme 1973, Norton-C rif­
fiths et a l. 1975). The annua l d ist ribut ion of 
rainfall is bimodal with the maio rains from 
March to May and a minor peak during No­
vember-December. T he main d ry period is 
from mid-Juoe to mid-October with a lesser dry 
sea50n during January- Febr ua ry. Ofteo this 

short dry season is a bsent or less noticeable , as 
d ur ing this stud y. 

Loca l va riations in topography, suc h as high 
mounta ins a nd esca rpments plus o rogra phic and 
diurnal effects, playa majo r role in ra infa ll pa t­
terns wi th in the study area. There is a sha rp 
increase io ra infall with altitude in the Loita 
B iIls and the Siria Escarpment. T he ma in ra in 
shadow encompasses the Loita Plains and part 
of the Siaoa Plaios, with a mean Dormal rainfaJI 
of approximately 400 mm. 

METHODS 

Numbers and Dislributions 01 
Herbivores 

Aeria! surveys were made monthly from De­
cember 1978 to November 1979 fo ll owing a 
protocoJ designed by Norton-Griffiths (1978,22). 
T ransects orie nted in ao east-wes t direction were 
Oown a t 5-km iote rva ls at a height of 91 m 
a bove g rouod leve! (agl). Two observers occu­
pying tlle rea r section oC a Cessna 185 aircraft 
counted anima ls a ppea ring be tween 2 rods at­
tached to the wing struts. The field of vision 
between these rods projected a census stri p that 
was calibrated by Oying re pea ted ly ac ross 
ground markers of know n spacing. T he survey 
strip (total of both sides of the ai rcra ft ) was 244 
m which gave a sampling intensity of 4.9%. 

Numbets of an imals within survey st rips on 
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Table 1. Rangeland habitalS In Narok 01$lnct. Kenya. 1978­
79. 

H " bllill IVpe 

G rassJand 

Dwa rf-shrub 
grasslan d 

Sh rubb y 
gra ssland 

Bushy 
grassland' 

W ooded 
grassla nd 

C rassy 
s hrubl and~ 

J)w nr( 

shruhl a nd' 

Shrubland 

Tall 
sbrubland 

Shrubby 
ri vel'ine 

Wooded 
riverine 

Woodland~ 

650 

l ,769 

1,487 

397 

155 

231 

187 

126 

Themeda lriandra 
Nyparrhenia rufa 

Acacia drepanolobiv m 
Them eda tr10ndra 
Acacia gerrardl 
Them eda lrlnndra 
Tarchonanthus 

camphorat,u$ 
Themeda lnandra 
BaÚlnftes aegyplica 
Th.em eda triondra 
S¡milar lo shrubby grass-

Jand - dense shru b 
cover 

Acacia drepanofo bivm 
Hyparrhenia wJa 

TOTchonanthu-s 
camph.orattls 

Commiphora schimperi 
GrOlon dichogamlJs 

Cro ton dichogamu$ 
Euclea divi-n orum 

Acacia xanthuphloea 
EIJclea d ioinoru m 

Acacia xanthophloeo 
W arbllgio ugandeflS1.s 

Olea africana 
Euclea dlvinorum 

.. Small .... Idd v .N ltere<:! h a h;I ~1S l ' ''' ,m3!1 1('1 a~ur a lclv ~;t,rnale 
area r.om $IIte llile imagery Colled¡vely. Ihey accou.!1I for 1,398 km2 
oF lhe 6,4()(1.km~ ~tud )' area. 

eith er sicl e of the aircrafl fOl' each 5-km transect 
segment were couoted and recorded ioto ta pe 
recorders. Groups of animals > 10 in number 
also were photographed and Jate r counted w ith 
the aid of a 10 x binocular microscope. 

Each S-km transect segment (rathe r thao the 
eotire transect) was considered an observation. 
Although this departure from traditio n likely 
resulted in g rea ter autocorrelation among oh­
servations, tests on KREMU 's data indicated that 
this was oot serio us. Animal counts (rom th e 2 
observers on either side of the aircra ft were 
summed a nd recorded on the basis of Universal 
Transverse Mercator grids to the nearest 25­
km z unit. 

Fopulation estima tes (PE) and standard errors 
(SE) were calculated using a modifica tion (Pe­
den 1981 ) 01 JaUy 's Method 1 (¡olly 1969) in 
which SE's were expressed as a percent of the 
PE. Formulas used to estima te PE and SE we re: 
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PE ~ Ny, 

and 

"\jN(N - n )s' SE ~ 
n 

whe re y is the sample mean, S2 is the sample 
variance, n is the sample size , and N is the 
number o( observations required to give com­
plete coverage of the study area . 

Tests of visibilit y bias on the Mara indicated 
that counting efficiency was 70-80% rOl' wild 
herbi vores and 80-90% foc livestock (Stelfox and 
Peden 1981069- 83). Therefare, density and bio­
mass estimates presented he re should be cor­
rected upwards by about 1.33 x ror wildlife and 
1.1 8x for livestock. 

Environmental Parameters 

During aerial surveys an ohse l' ver occupying 
the front seat or the aircraft recorded vegeta­
hon cover, height. greenness, and phenology a nd 
the a vaila bility of free wate r. As with an imal 
counts, these data were recorded for each 5-km 
segment of the transects. 

Monthly indices of herbage volume were cal­
c ula ted by multipl ying the pe rcent of a unit 
within each height class by the corresponding 
heig ht c1ass mea n. These products were summed 
to obtain a weighted monthly value. Means for 
each height class were 1 = 0.25 m, 11 = 0.75 m , 
and 111 = 1.25 m. H erbaceous greenness was 
indexed by multiplying lhe percent of a unit 
containing a give n greenlless class by the cor­
responding greenness class (1, II, 0 1' III ). These 
products the n were summed as for height. 
Greenness classes were 1 = dry brown, 11 = 

gree n patches, and III = unHorm green. Wa ter 
hodies counted within a unít were tota led for 
each ecosystem ro r each month . \,yater abun­
dance Classes 1-V represented actual numbers 
of water bodies; Class VI re fe rred to 2:.6 water 
bodies (a value of 10 was used as the i for this 
c1ass). Percentages o( each unit that we re burnt 
were averaged for each block of 4 units to give 
values foc each 10 x lO-km unit / month. The 
classes were 0= none, L = 1-25%, and H = 
> 25%. 

Proport ions of each unit comprised of each 
of the 12 majar habita ls found in lhe study area 
were estimated f rom maps. These habitat ca t­
egocies we re developed using vegetation phy· 
siognomic characteristi cs (primarily vege tation 
height and canopy cover ) that could be recog­

http:HER.BIVOR.ES
http:6,4()(1.km
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Tabla 2. Average herblvQr9 populations' on Narok rangelands, Kenya , Oecember 197B-November 1979. 

j uni r w t Min a Lo'Ia S'ana Totf\t ~tud v ,Hea 
(k¡:) (2.350 km 2¡ (:2,200 ~m2) ( l ,tlSO k11l 2) (6:100 kín2) 

W ild grazers 

Slue wildebeesl 
Burchel!'s zebra 
African bu lla lo 
Kongoni 
Topi 
Thornson 's gazelle 
W a rl hog (Ph acochoerus 

aethiop icHS) 

123 
200 
450 
125 
100 
15 

45 

165,000 
38,000 
19,000 

2,900 
29,000 
45,000 

3,300 

49,000 
19,000 

400 
600 
500 

29,000 

300 

22,()()0 
13,000 

4,900 
2,200 
1,100 

10,000 

1,100 

236, 000 
70,000 
25,000 
5,800 

3 1,000 
85,000 

4,800 
Total 303,000 98,000 .55,000 457,000 

W ild browsers 

Gíraffe (Giraffa 
camelopardalis ) 

Aír íean elephanl 
Black rhinoceros 

750 
1,725 

1,80U 
800 

I1 

1,200 
O 

° 
1,500 

100 
O 

4.500 
1,200 

11 
Tota l 2, fi()() 1,200 1,900 5,700 

W ild mi xed feeders 

G ranl's gazelle 
lmpala 
Ela nd 

40 
40 

340 

2,800 
27 ,000 

1,800 

13,000 
8,500 
1,900 

2,400 
23,000 

600 

18,000 
58,000 

4,800 
T Olal 3J ,000 24 ,000 26,000 81,000 

Total (w ild he rbi vores) 337,000 123,000 83,000 543,000 

Livestock 
C a ltle 
Sheep and goats 
Donke~ 

180 
23 

150 

52,000 
30,000 

1,000 

61 ,000 
57,000 

4,200 

58,000 
34,000 

2,000 

17 1,000 
120,000 

7,400 
Tota l 83,000 122,000 94 ,000 299,000 

Total (al! herbivares) 420,000 245,000 177 ,000 842,000 

• Mllllmum popoJallons uncorrecleJ ror visibili ly b,a,. 

n ized from a light a ircraft fl ying at 90-120 m 
agl (Prall el al. 1966,369-382). 

Animal-Habitat Association 

Di fferences in habita t se lection among her­
bívore species during each of 4 periods were 
tested by analysis of va riance. Results were 
surnmarized as tabular mea ns of enviran mental 
pa rameters and habitat propor tions associated 
with sightings of each species. The basic case 
was a 25-kmz unit assigned to the species with 
the greatest abundance relati ve to its mean for 
the entire study area. Divergence of these means 
fr om grand roeans for the en tire study area \Vas 
taken as evidence [or selectivity. 

RESULTS 
Average Annual Herbivore Populations 

Year-Iong average population s¡zes of wild 
and domestic herbivores iIl ustrate the intensive 
use of the study area (Table 2). Of the ave rage 

• 

monlhly estimale 01 842,000 animal, (132/ km'), 
wild herbivores comprised 64% and livestock 
36% . Wildebeest we re th e m ost abund ant 
species (28%), fo llowed by ca ttle (20%), sh eep 
and goals (14 %), and T homson's gaze lle (10%). 
Zebra, impala (Aepyceros melampus), topi 
(Damaliscu.s lu.natus) , bu Efalo, and Gra nt's ga­
ze lle (Gazella gran ti ) each made up <10% oC 
the tolal population. 

Average biomass density far the entire study 
area \Vas approxim ately 160 kg/ha. Because of 
diEferences in body si ze, biomass distribution 
among species d¡ffered from population num­
bers. Daminant herbivores in terms of relative 
biom ass were ca ttle (30%), wildebees t (28 %), 
zebra (14%), and buffalo (11%). 

The Mara was most heavily stocked with an 
average of 420,000 herbi vores (179/ km' [236 
kg/ha1) . Beca use most of the Mara ra nge unit 
lies within the Masai-Mara National Reserve, 
livestock accounted for only 9 anim als/km l (44 
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Fig. 2. MOOlhly blue wlldebeesl popuLalions occupylng the 
Mara, Loila. aM Siana plains In soulhwestern Kenya. Decem­
ber t97S-November 1979. 

kg/ha), but densities averaged l Sl / kmz in tha t 
portion !ying outside the reserve. Wild grazers 
(mainly wildebeest, ze bra , ancl buffalo) COffi­

prised 66% of the tota l biomass while cattJe 
cont ribu ted 17% for the eotire range. 

The Loita supported the largest numbers of 
livestock annually (SS/km' [58 kg/ha)). The 
density of wild herbivores ave raged 56 j km 2 (59 
kg/ha). The greatest biomass contribution ca rne 
from ca ttle (42%), wildebeest (23%), zebra 
(14%), a nd sheep and goa ts (5%). 

The Siana supported 49 livestockj km2 and 45 
wiJd herb ivores/ km 2 for a biomass of 124 kg / 
ha. Numerically dominant herbivores \V ere cat· 
tle (33%), sheep and goats (19%), impala (13%), 
wildebeest (13%), and zebra (7%). 

Monthly Distributions 

Although most he rbivores made o nJ y Jocal 
movements. relative a nd absolute use of the 
Mara, Loita , a nd Siana range units by wi!de· 
beest, zebra. and Thomson 's gazeIles showed 
pronounced monthly changes (Fig. 2). The res­
ident population of about 100,000 wildebeest 
was supplemented with large migratory he rds 
reaching a peak oC >800,000 in July. Although 
numbe rs decJ ined 1 month later , migratory 
re mnants re mained until November. Because 
the greatest d ry season inOux oí wildebeest carne 
from Tanzania, nse of the Mara and Siana plains 
was synchronized, but by far the most im por­
tant range unit was the Mara. In contrast, use 
of the Loi ta by wildebeest dedined at the peak 
of the migratio n. 

Zebras also moved into the study area reach· 
ing a peak 01 > 115,000 in June (Fig. 3). A largo 
er prop or tion of the zebra population remai ned 

ur.> - - . _.'"1::' _.;: I.~ = . 

;;: ~ 

Flg. 3. Monlhly Bu(cheU·s zebra populatloos occupylng ¡he 
Mara, Loita. and Slana plains in southwestern Kenya. Decem­
ber 1978-November 1979. 

in the study area throughout the year but 
showed a seasonal rotation through the 3 range 
units. The main wet season range occupied from 
Februa ry to May was the Loita. Zebra passed 
through the Siana in June on their way to the 
main dry season range in the Mara where they 
stayed from July to October . 

Use by Thomson's gaze lles was heaviest in 
] anuar y. Populations declined during pea k use 
by wildebeest and zebra during ]une-October, 
then increased in November (Fig. 4). Both the 
Tanzanian Sere ngeti and the wheat·growing 
areas north of the Loita appeared to provide 
late dry·season range adjacent to the study area 
during the }nne-October periodo Relative use 
of the Mara, Loita , and Siana did not vary 
markedly throughout the yea r except that the 
Loita tended to be more important during Jul y. 

Habitat Selection 
Patteros of habitat use by individual species 

were examined for 4 periods of the year (Table 
3), (1) wet season (Apr-May), (2) peak of the 
wildebees t migration Oun-Jul), (3) dispersa) o f 
the migratory species (A ug-Sep), and (4) sta · 
bili za tion o f distributlon s o f no nmigra tor y 

r.o.<soN"s GAl(Ut.... _._--
LOta - _. 

"~--

Ftg 4. Monthly Thomsoo's gazelle populations occupying the 

Mara. Loita, and Slana plains In southweslern Kenya. Oecem­

ber 197B-November 1979. 
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Table 3 . Proportional use and description 01 habital types for selected wildlife species on the Narok rangelands. Kenya, March-November 1979. ~ 

~ " 
'<Bun;helt's zebr~ nluc ",I 'de~l ThomSQn'~ gazI'lIe Sludy H<:a (propor lJ on '>r t ) O 

M ... - Jun- ,\ug- 0,' Mar- Jun- Aug- Mar Jun- ... ug- 0" Mar- lun- A", OC'I - '""" - I:lAl" J"' Sep Nm 'p' J"' s,.p No~ ' p. J"' " p No, Apt J"' S'p No, 

Z 
Habita! Iype 

Grass!and 0.03 0.17 0.23 0.13 0.02 0.18 0. 20 0.17 0.11 0.11 0.08 0.11 0.10 0.10 0. 11 0.11 "" ~ 
Dwarf-shrub -< 

> 
grassland 0.59 0.09 0. 12 0.06 0.65 0.23 0.25 0. 19 0.30 0.57 0.38 0.43 0.27 0.27 0.25 0.29 

Shrubby 
grassJand 0.16 0.27 0.27 0.38 0.0.5 O.'B 0.22 0.19 0.19 0.15 0.22 0.12 0. 20 0.20 0.20 020 :;'" 

.:::;
Wood ed o 

H 
grassland 0.02 0.1.5 0. 11 0.09 0.00 0.12 0.12 0.14 0.04 0.03 0.03 0.05 0.06 0.06 0.06 005 ~ 

Dwarf 
~sh rublan d 0.02 0.00 0.00 0.02 0.01 ", 0.03 0.01 0.02 0. 01 0.01 0.00 0.01 t, 0.01 0.01 


Shr ubland 0.18 0.28 0.20 0.22 030 0.25 0.14 027 0.27 012 0.26 0.27 0.31 0.32 0.29 0.29 

Ta l! 


shrubland 0.01 0.03 0.02 0.05 002 0.02 0.01 0.02 0.05 0.01 0.02 0. 03 0.04 0.04 0.03 0.03 

Shrubby 


riverine 0.03 0.03 0.03 0.03 002 0.02 002 0.04 0.05 004 002 0.03 0. 03 0.03 0.03 0.03 

Wooded 


ri verin e O.OJ 0.01 0.03 0.0:3 0.02 0.04 003 0.0 1 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 

Environmental descriptors¡' 

Herbage vol 15.13 3 1 57 .'17 ,92 32.88 14.17 30.62 38.02 35.69 15.95 24.79 33.52 30.57 2287 2809 34 10 29.96 
Herbage 

greenness 2. 61 1.64 1.43 1.54 240 1.58 1.54 1.55 2.40 1.71 1.55 1.28 2.39 1.72 1.40 1.32 
Low-woody 

green 3 14 2.31 2.53 254 3 17 2.11 2.54 255 3.38 2.39 2.67 2.15 3.41 2.77 2.74 2.52 ­
High·woody 3ie;g reen 2.63 1.49 2.20 2.87 1.93 1.37 2.71 1.93 3.52 2.10 2.44 1.35 3 26 1.60 2.48 1.84 

Burns 0.10 3 59 0.33 1.41 0.00 303 0.36 0.34 0.00 2.36 2.66 1.54 0. 13 1. 66 2.93 2.07 
 ;::
River 0.50 0.44 0.33 0.33 0.3 1 0.39 0.57 0.21 0.38 0.26 0.14 0.09 0.57 0.36 0.24 0.20 • 

Pools 1. 37 1.77 1.63 0.97 1.86 1.42 1. 14 0.52 1.72 1. 61 0.28 0.17 2.07 1.39 2.66 0.48 ()q•" 


ro 
a" _ <001 

ObScot<!~ "" e!ghted by relallve rep.eso:ntallon or habil" l5 '" 
~ 
"' 
~ 

'" '" 
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Table 4. PopulatlOn eslimales of wild herbivores lor Ihe Mara and l..Jola plalns. Kenya, 1961-1979. 

Spl'C lt:ll 

Slue wildebeesl 
l1urche\l's zebf<l 
Topi 
Afncan buffalo 
Kongoni 
Thomson 's gl1zelle 
Crant's gazelle 
fmpala 
Eland 
African elephant 
l31ac k rhinoceros 

T Ol31s,I 

TOlals~ 

1961' 
(/l.l a r ) 

17,8 17 
20,,567 

4,111 
5,934 

721 

750 
455 

54 

50,409 

197~b 
(M a}') 

84,7 10 
20,412 

5,082 
10,882 

850 
11,936 
5,204 
8,692 
1,168 
1,012 

8 4 

124,200 

150.032 

1977' 
(M ar) 

84,700 
34,600 
17,900 
34,200 

,5,300 
63,300 

8,800 
53,900 

4,700 
1,200 

100 

182.700 

308,700 

1979" 1979° 
(May) Oun) 

101,700 819.500 
65,200 107 ,800 
31,500 25,500 
30,000 31,500 

8,900 5,000 
106,500 90,500 

19,900 18,500 
59,200 51 ,800 

8,500 4,600 
700 500 

° O 
246,500 1,277,700 

432,100 1,438,500 

• Sl..,,,,a rl allíl Tal bot (1 962) 
b T hi. ~(\l fl\'. 
.. S Taitl , u"npuul rl"p . K(' ny3 w ildl Con~ Manag" Dep . Nairobi. 1974 
J E~dlJd ill g ga~.. lIe ~ lId imp<l b 

'" lnc-1uding ¡.:azdl,. aud Impara 


species (Oct-Nov). Comparisons of species-spe­
cinc means for each environmental gradient Dr 

habitat proportion with means for the en tire 
study area reveal patterns of selection. AI­
though data were collected for 9 of the most 
abundant wild herbivores, attention is drawn to 
the 3 migratory species: wildebeest, zebra, and 
Thomson's gazelle. Because environmental gra­
dients were used differently by nonmigratory 
species, such as buffalo and g iraffe, the mi­
grants differed mainly in thei r use of different 
habitat types. 

Wet Season. - March - April was a períod of 
pasture growlh following the main rainy season 
and prior to the inDux of mig ratory wildebeest 
Significant differences (P < 0.05) among her­
bivore species were found for al! environmental 
gradients ('xcept burns and proportions of a ll 
habitats ex('cpt d warf shrublands and woodcd 
dverine categories. During this períod of re­
laxed competition wild ebeest, zebra, and 
Thomson's gazelle differed little in their re­
sponse to environmental gradients, but slight 
differences in habitat use were evident. Wil­
debeest were restrícted \a rgel y to dwarf-shrub 
grasslands and shrublands. Use of the former 
implied preference beca use use exceeded avail­
ability 2-fold, Zebra showed a similar pattero, 
w hereas Thomson's gazelles tended to use a 
wider variety of habitat types roughJy in pro­
portion to their relative availabilities. 

Wildebeest Migration. -June-July was 
characterized by a massive in flux of wildebeest. 
Relative to the previous period, wildebeest and 

particularly zebra greatly reduced use of dwarf­
shrub grasslands and increased use of shrubby 
grasslands and wooded grasslands. Both species 
used areas supporting higher herbage volumes 
than gazelles. Thomson 's gazelles intensified use 
of dwarf-shrub grasslands with a corresponding 
decrease in use of shr:ublands. 

Peak Wildebeest Density.-With the influx 
of the main migratory popuJations during Au­
gusl-September, wildebeest and zebra íntensi­
ned their apparent preference of grass lands but 
made significant use of othe r g rassland cate­
goríes as well as shrublands. Thomson's gazelles 
tended to move to shrubby grasslands and 
shrublands although preference still \Vas shown 
for dwarf-shrub grassland. 

"\Vildebeesl Emigration.-During October­
November, wildebeest used areas with high 
herbage volume. Zebra seemed to move from 
grasslands to shrubby grasslands, whereas 
Thomson's gazf'!les moved from shrubby grass­
lands to dwarf-shrub grasslands. 

DISCUSSION 

Population Trends 
Although inevitable problems of standardiza­

tion of counting methodology may preclude de­
tailed analysis, increases in estimated popula­
tions ha ve been so regular and large that general 
conclusions are possible (Table 4). Comparing 
May populations, there were an estimated 
18,000 wildebeest in 1961 compared to 102,000 
in 1979. For the 8 wildlife species that can be 
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compared for these 2 periods-wildebeest, ze­
bra, topi, buffalo, kongoni (Alcel,aphus busela­
phus), common eland (TauTol. ro.gus oryx), Af­
rican elephant (LoxodoTlto. africa-na), and black 
rhinoceros (Diceros lncornis)-the 1979 popu­
latioo of 246,500 was 4.9x greater than in 1961. 
Ele phant numbers remained simila r, whereas 
rhinoceros declined to the point where none 
weTe seen in 1979. 

In the 1960's, few migratory wildebeest and 
zebra from Tanzania entered the Mara duri ng 
the dry season (Pennycuick 1975). H owever, by 
1979 large numbers grazed the Mara and west­
ern portion of the Siana fram late June to la te 
October. This migra tion increased wilde beest 
numbers from 102,000 to 820,000 and zebra 
numbers from 65,000 to 108,000 between May 
and July. This increase o f 761,000 wildebeest 
and zebra as a result of imm igration from Tan­
zania gave a total popu lation 24 x g reater than 
in 1961 (Stewart and Talbot 1962). 

High rates o f inerease appea r to be partly 
due to eradica tion of rinderpest and improved 
mojsture regimes. Although rap id increases have 
oceurred throughout the entire Serengeti Eco­
system (Sinclair and Norton-C riffiths 1982), a 
contributing fa ctor, at least for wildebeest , ap­
pears to be grea ter use of the northern pa rt of 
the migratory ci reui t. The tota l Sere ngeti pop­
uJation increased 276% between 1961 and 19í4 
(S inclair 1979), whereas use of the Mara plains 
increased 375% dming the same period. 

Range Use by Wild Herbivores 
A number of wild species respond to envi­

ronmenta l c hange by migration; others expJoit 
a finer grain of environmental heterogeneity 
with more loca lized movemen ts. O ne of tbe 
mast striking mig ratory sys tems is lhe 1,500-km 
ci rcuit of wildebeest around the Serengeti -Mara 
Ecosystem. From D ecember to March, wilde­
beest occupy the southeastern shortgrass p lains 
where calving takes place. During April-June, 
they gradua lly move north westward to the north 
Serengeti and Masai-Mara where they remain 
from July to September. During the October­
November migra tion, herds return to the south­
eastern plains. 

This pattern is somewhat simpli fied beca use 
timing a nd ex tent depends upon rainfa ll. Also, 
there are resident populat ions and more subl Je 
local movements. Results of monthly surveys 
suggest that the nonmigratory popuJation of 
wildebeest numbers perhaps 100,000. How-
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eveI: , migratory behavior may be slimulated in 
drier yea rs. There also was evidence that the 
Loita serves as a wet season dispersal area fo r 
50,000-80,000 animal,. 

The other 2 migratory species in this area are 
zebra and TholOson's gazelle. In general, they 
use the shor tgrass plains d uring the wet season 
and longgrass plains during the dry season, but 
movements are not as synchronized nor as strik­
¡og as wildebeest. 

Movements of zebra tended lo be more loca l. 
In addilion to use of the Serengeti, th is study 
indicated the Loita was a n important dispersal 
area during the wet season (f'eb- May) that was 
used by 50,000-60,000 indi viduaJs. Inllux from 
Tanzania onto Ihe Mara du ring june-August 
involved a comparable number. The Siana was 
used in June while the main concentra tion of 
zebra in the Ma ra oeeurred in July a nd Augus t 
al the time of peak occnpancy by wildebeest. 

Over the entire Serengeti ecosys tem occu­
paliona l patterns of zebra and wildebeest a re 
hi ghly conelated (Maddock 1979). Zebra tend 
to lead the grazing succession. This was cOn­
firmed by KREM U's monthly counts, but the 
pattern of use of Ihe 3 range units does nol 
suggest a strong interdependence of the 2 
species. 

Thomson's gazelle appear to exploit a finer 
grai n of environmenta l heterogeneity. Except 
for a major emigratíon of 60,000 animals du r­
ing September-October (presumably to Tan­
zania and north of the study area), monthly use 
of all 3 ecosyste ms was reJative ly stable. There 
was little evidence that they followed move­
me nts of Jarge grazers lo capHalize on short , 
open range structure as suggested by Mc­
Naughton (1976). However , in tensive use by 
both domestic and wild herbivores over Ihe en­
tire ecosyste m has left few areas wilh dense 
grass cover avoided by gazelles. 

Future 
WHh increasi ng w ildli fe populations Masai 

pastoralists f<lce increasing eompetition (or for­
age and water. Disease risk , particularl y from 
wildebeest and buffa lo, is high and increasing. 
At the same time, range for li vestock grazing, 
especially during the dry season, is declining. 
Cultiva tion, particularly wheat fa rming, now 
oceurs in areas forme rly used by pastoralists. 
This has resulted in a concentration of li vestoek 
o.n Ihe Loita Pla ins and apparent overgrazing. 
DeveJopment schernes, which ¡nc lude p lans lo 
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settle the Masai people on individually ow ned 
ranches and estabJish parks in the Ngufuman 
and Loita Bilis. will exacerbate land use con· 
Oicts in Ihe Narok Distrie!. This wilI almost (;er­
tainly ¡nfluence this wi ldlife spectacle and place 
a premium 0 0 integrated land use plarming, 
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