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Abstract: Monthly counts of large herbivores on the rangelands of southern Narok District were conducted
by the Kenya Rangeland Ecological Monitoring Unit (KREMU) from December 1978 to November 1979
At that time these rangelands supported year-long herbivore populations of 132/km? representing a biomass
of 160 kg/ha. The Mara Plains, particularly the area protected as the Masai-Mara National Reserve, served
as a critical dry season range. During the peak of the dry season (Jul). the resident population of 100,000
blue wildebeest (Connochaetes taurinus) was supplemented with large migratory herds from the Serengeti
which increased total numbers to >800,000. Burchell's zebras (Equus burchelli) and Thomson's gazelles
(Cazella thomsoni) were less migratory but moved seasonally through the Mara, Siana, and Loita range

units.

J. WILDL. MANAGE. 50(2):339-347

The rangelands of southern Narok District
are among the most important and productive
in Kenya. A combination of relatively high
rainfall, relatively low evaporation, and mainly
volcanic soils give Lhis area high forage pro-
duction potential (Pratt and Gwynne 1977:35-
60). This area also supports the greatest densi-
ties of wild and domestic herbivores in Kenya
with a year-long average in 1979 of 132 ani-
mals/km? (Andere 1980).

Parts of Narok, particularly the Mara Plains,
provide dry season range for the Serengeti mi-
gratory herbivore population, especially wil-
debeest and zebra. These plains are used heavi-
ly between late June and October, and both the
duration and intensity of grazing in the Mara
have increased noticeably as this migratory
population has expanded since the mid-1960's
(Sinclair and Norton-Criffiths 1979:7). There-
fore, the future of this unique and spectacular
migratory complex hinges on the availability
and productivity of the Mara as well as that of
the wet-season range in Tanzania.

The introduction of rinderpest about 90 years
ago eliminated the majority of cattle (Bos in-
dicus), African buffalo (Syncerus caffer), and
wildebeest. By 1962, rinderpest bad disap-
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? Present address: Canada Centre for Remote Sens-
ing, ¢/o Saskatchewan Research Council, Saskatoon,
Saskatchewan STN 0X1, Canada

peared and populations responded with wilde-
beest increasing about 10% annually (Sinclair
1979). Part of this increase evidently was caused
by higher precipitation in the 1970's, especially
during the dry season.

Increasing competition for forage between
wildlife and livestock, plus the potential for
transmission of diseases, have been of concern
to pastoralists and resource planners. In this
context KREMU set out to measure the month-
ly populations and distributions of livestock and
wildlife for a 1-vear period extending from De-
cember 1978 to November 1979, This report is
a summary of these activities and a comparison
of these findings with previous studies.

This study represents a team effort. Aerial
biologists involved in the study were M. Mu-
gambi, M. Ngatia, and J. W. Kufwafwa. Aerial
observers were B. B. Raburu and S. Sikawa. The
aircraft were piloted by A. M. Stepanowich and
B. G. Pratt. E. W. Kabaru, J. K. Chemjor, and
G. N. Kiilu assisted with preparation of tables
and figures. Special acknowledgment is given
to S. N. Nganga for supervising the statistical
analyses. Critical reviews of the original reports
upon which this manuscript was prepared were
provided by M. Norton-Criffiths, D. Western,
and P. Kuchar J]. Naiguran, warden of Mara
National Reserve, provided insight into region-
al land use conflicts. W. E. Stevens and D. K.
Andere, project manager and co-manager, re-
spectively, organized the project and provided
administrative and logistic support.
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STUDY AREA

Narok District is located in southwestern
Kenya. The rangelands of the southern part of
the district are bounded on the east by the Rift
Valley, on the southwest by the Kenya-Tan-
zania border, and on the northwest by the Siria
Escarpment. This area is roughly triangular in
shape, covering an area of approximately 7,500
km?, of which 6,400 km?* were surveyved.

Three range units differing from a biogeo-
graphic and climatic standpoint can be recog-
nized (Fig, 1): (1) Mara—a 2,350 km* Themeda
grassland in the western portion of the study
area, (2) Loita—a 2,200 km?* dwarf-shrub and
whistling thorn (Acacia drepanolobium) grass-
land of the Loita Plains, and (3) Siana—a 1,850
km?* area of hills and plains supporting Croton
bush and several other woody species inter-
spersed with grasslands. Twelve main habitat
types are represented in the study area (Table
1.

Rainfall is associated loosely with movement
of the low pressure Intertropical Convergence
Zone (Brown and Cocheme 1973, Norton-Grif-
fiths et al. 1975). The annual distribution of
rainfall is bimodal with the main rains from
March to May and a minor peak during No-
vember-December. The main dry period is
from mid-June to mid-October with a lesser dry
season during January-February, Often this

The 3 range units on the Narok Study Area, Kenya.

short dry season is absent or less noticeable, as
during this study.

Local variations in topography, such as high
mountains and escarpments plus orographic and
diurnal effects, play a major role in rainfall pat-
terns within the study area. There is a sharp
increase in rainfall with altitude in the Loita
Hills and the Siria Escarpment. The main rain
shadow encompasses the Loita Plains and part
of the Siana Plains, with a mean normal rainfall
of approximately 400 mm.

METHODS

Numbers and Distributions of
Herbivores

Aerial surveys were made monthly from De-
cember 1978 to November 1979 following a
protocol designed by Norton-Griffiths (1978:22).
Transects oriented in an east-west direction were
flown at 5-km intervals at a height of 91 m
above ground level (agl). Two observers occu-
pying the rear section of a Cessna 185 aircraft
counted animals appearing between 2 rods at-
tached to the wing struts. The field of vision
between these rods projected a census strip that
was calibrated by flying repeatedly across
ground markers of known spacing. The survey
strip (total of both sides of the aircraft) was 244
m which gave a sampling intensity of 4.9%.

Numbers of animals within survey strips on
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Table 1. Rangeland habilats in Narok District, Kenya, 1978~
79.

Arca

Habitat 1vpe (kn?) Dominant species
Grassland 650  Themeda iriandra
Hyparrhenia rufa
Dwart-shrub 1,769  Acacia drepanolobium
grassland Themeda triandra
Shrubby 1487  Acacia gerrards
grassland Themeda triandra
Bushy Tarchonanthus
grassland- camphoratus
Themeda trniandra
Wooded 397  Balanites aegyplica
grassland Themeda triandra
Crassy Similar to shrubby grass-
shrubland® land—dense shrub
cover
Dwar{ Acacia drepanolobium
shrubland Hyparrhenia rufa
Shrubland 155  Tarchonanihus
camphoratus
Commiphora schimperi
Croton dichogamus
Tall 231 Croton dichogamus
shrubland Euclea divinorum
Shrubby 187  Acacia xanthophloca
riverine Euclea divinorum
Wonded 126 Acacia xanthophloea
riverine Warbugia ugandensis
Woodland* Olea africana

Euclea divinorum

“Small widely scatiered habitats wo small (o accurately estimate
area (rom satellite imagery Collectively, they account for 1,395 km?
of the 6,400-km? study area.

either side of the aircraft for each 5-km transect
segment were counted and recorded into tape
recorders. Groups of animals >10 in number
also were photographed and later counted with
the aid of a 10x binocular microscope.

Each 5-km transect segment (rather than the
entire transect) was considered an observation.
Although this departure from tradition likely
resulted in greater autocorrelation ainong oh-
servations, tests on KREMU's data indicated that
this was not serious. Animal counts from the 2
observers on either side of the aircraft were
summed and recorded on the basis of Universal
Transverse Mercator grids to the nearest 25-
km? unit.

Population estimates (PE) and standard errors
(SE) were calculated using a modification (Pe-
den 1981) of Jolly's Method 1 (Jolly 1969) in
which SE's were expressed as a percent of the
PE. Formulas used to estimate PE and SE were:
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PE = Ny,

SE = \/‘E——(N - n)s"‘
n

where ¥ is the sample mean, §* is the sample
variance, n is the sample size, and N is the
number of observations required to give com-
plete coverage of the study area.

Tests of visibility bias on the Mara indicated
that counting efficiency was 70-80% [or wild
herbivores and 80-90% for livestock (Stelfox and
Peden 1981:69-83). Therelore, density and bio-
mass estimates presented here should be cor-
rected upwards by about 1.33 x for wildlife and
1.18x for livestock.

and

Environmental Parameters

During aerial surveys an ohserver occupying
the front seat of the aircraft recorded vegeta-
tion cover, height. greenness, and phenology and
the availability of [ree water. As with animal
counts, these data were recorded for each 5-km
segment of the transects.

Monthly indices of herbage volume were cal-
culated by multiplying the percent of a unit
within each height class by the corresponding
height class mean. These products were summed
to obtain a weighted monthly value. Means for
each height class were I = 0.25 m, II = 0.75 m,
and III = 1.25 m. Herbaceous greenness was
indexed by multiplving the percent of a unit
containing a given greenmness class by the cor-
responding greenness class (I, II, or III). These
products then were summed as for height.
Greenness classes were I = dry brown, 11 =
green patches, and 1II = uniform green. Water
hodies counted within a unit were totaled for
each ecosystem for each month. Water abun-
dance Classes 1-V represented actual numbers
of water bodies; Class VI referred to =6 water
bodies (a value of 10 was used as the % for this
class). Percentages of each unit that were burnt
were averaged for each block of 4 units to give
values for each 10 x 10-km unit/month. The
classes were 0=none, L =1-25%, and H =
>25%.

Proportions of each unit comprised of each
of the 12 major habitats found in the study area
were estimated from maps. These habitat cat-
egories were developed using vegetation phy-
siognomic characteristics (primarily vegetation
height and canopy cover) that could be recog-
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Table 2. Average herblvore populations* on Narok rangelands, Kenya, December 1878-November 1979.

I unit wi Mara Lois Srana Total «tudy area
Species (kg) (2,350 km?) (2,200 hm?) (1,550 kin?) (6,400 km?)
Wild grazers
Blue wildebeest 123 165,000 49,000 22,000 236,000
Burchell's zebra 200 38,000 19,000 13,000 70,000
African buffalo 450 19,000 400 4,900 25,000
Kongoni 125 2.900 600 2,200 3,800
Topi 100 29,000 500 1,100 31,000
Thormson's gazelle 15 45,000 29,000 10,000 85,000
Warl hog (Phacochoerus
aethiopicus) 15 3,300 300 1,100 4,800
Total 303,000 98,000 55,000 457,000
Wild browsers
Giraffe (Giraffa
camelopardalis) 750 1,800 1,200 1,500 4.500
Alrican elephant 1,725 800 0 400 1,200
Black rhinoceros 11 0 0 11
Total 2,600 1,200 1,900 5,700
Wild mixed feeders
Grant's gazelle 40 2,800 13,000 2,400 18,000
Impala 40 27,000 8,500 23,000 58,000
Eland 340 1,800 1,900 600 4,800
Total 31,000 24,000 26,000 51,000
Total (wild herbivores) 337,000 123,000 53,000 543,000
Livestock
Caltle 180 52,000 61,000 58,000 171,000
Sheep and goats 23 30,000 57,000 34,000 120,000
Dankev 150 1,000 4,200 2,000 7,400
Total 83,000 122,000 94 000 299,000
Total (all herbivores) 420,000 245,000 177,000 842,000

* Munmum populations uncorrecied for visibility bas,

nized from a light aircraft flying at 90-120 m
agl (Pratt et al. 1966:369-382).

Animal-Habitat Association

Differences in habitat selection among her-
bivore species during each of 4 periods were
tested by analysis of variance. Results were
summarized as tabular means of environmental
parameters and habitat proportions associated
with sightings of each species. The basic case
was a 25-km* unit assigned to the species with
the greatest abundance relative to its mean for
the entire study area. Divergence of these means
from grand means for the entire study area was
taken as evidence for selectivity.

RESULTS
Average Annual Herbivore Populations

Year-long average population sizes of wild
and domestic herbivores illustrate the intensive
use of the study area (Table 2). Of the average

monthly estimate of 842,000 animals (132/km?),
wild herbivores comprised 64% and livestock
36%. Wildebeest were the most abundant
species (28%), followed by cattle (20%), sheep
and goats (14%), and Thomson's gazelle (10%).
Zebra, impala (Aepyceros melampus), topi
(Damaliscus lunatus), buffalo, and Grant’s ga-
zelle (Gazella granti) each made up <10% of
the total population.

Average biomass density for the entire study
area was approximately 160 kg/ha. Because of
differences in body size, biomass distribution
among species differed from population num-
bers. Dominant herbivores in terms of relative
biomass were cattle (30%), wildebeest (28%),
zebra (14%), and buffalo (11%).

The Mara was most heavily stocked with an
average of 420,000 herbivores (179/km?* [236
kg/hal]). Because most of the Mara range unit
lies within the Masai-Mara National Reserve,
livestock accounted for only 9 animals/km? (44
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Fig. 2. Monthly biue wildebeest populations occupying the
Mara, Lolta, and Siana plains in southwestern Kenya, Decem-
ber 1978-November 1979.

kg/ha), but densities averaged 151/km?® in that
portion lying outside the reserve. Wild grazers
(mainly wildebeest, zebra, and buffalo) com-
prised 66% of the total biomass while cattle
contributed 17% for the entire range.

The Loita supported the largest numbers of
livestock annually (55/km?* (58 kg/ha]). The
density of wild herbivores averaged 56/km? (59
kg/ha). The greatest biomass contribution came
from cattle (42%), wildebeest (23%), zebra
(14%), and sheep and goats (5%).

The Siana supported 49 livestock /km?® and 45
wild herbivores/km?* for a biomass of 124 kg/
ha. Numerically dominant herbivores were cat-
tle (33%), sheep and goats (19%), impala (13%),
wildebeest (13%), and zebra (7%).

Monthly Distributions

Although most herbivores made only local
movements, relative and absolute use of the
Mara, Loita, and Siana range units by wilde-
beest, zebra. and Thomson's gazelles showed
pronounced monthly changes (Fig. 2). The res-
ident population of about 100,000 wildebeest
was supplemented with large migratory herds
reaching a peak of >800,000 in July. Although
numbers declined 1 month later, migratory
remnants remained until November. Because
the greatest dry season influx of wildebeest came
from Tanzania, nse of the Mara and Siana plains
was synchronized, but by far the most impor-
tant range unit was the Mara. In contrast, use
of the Loita by wildebeest declined at the peak
of the migration.

Zebras also moved into the study area reach-
ing a peak of >115,000 in June (Fig. 3). A larg-
er proportion of the zebra population remained
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Fig. 3. Monthly Burchell's zebra populations occupying the
Mara, Loita. and Siana 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
February 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 gazelles was heaviest in
January. Populations declined during peak use
by wildebeest and zebra during June-October,
then increased in November (Fig. 4). Both the
Tanzanian Serengeti and the wheal-growing
areas north of the Loita appeared to provide
late dry-season range adjacent to the study area
during the Jnne-October period. Relative use
of the Mara, Loita, and Siana did not vary
markedly throughout the year except that the
Loita tended to be more important during July.

Habitat Selection

Patterns 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
wildebeest migration (Jun=Jul), (3) dispersal of
the migratory species (Aug-Sep), and (4) sta-
bilization of distributions of nonmigratory
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Fig 4. Monthly Thomson's gazelle populations occupying the
Mara, Loita, and Siana plains in southwestern Kenya, Decem-
ber 1978-November 1979.



Table 3. Proportional use and description of habitat types for selected wildlife species on the Narok rangelands, Kenya, March-November 1979,

Fre

Burchell's zebra Blue wildebeest Thomson's gazelle Study area (proporiion or §)
Mar- Jun- Aug- Oct- Mar- Jun- Aug- Oct- Mar- Jun- Aug- Oel- Mar- Jun- Aug- Oct-
Apr Il Sep Now Apr Jul Sep MNov Apr Jul Sep Nov Apr Jul Sep Naw
Habitat type

Grassland 003 017 023 013 002 018 020 017 0.11 0.11 0.08 0.11 010 010 011 0.11
Dwarf-shrub

grassland 059 009 012 006 065 023 025 019 030 057 038 043 0.27 027 025 029
Shrubby

grassland 0.16 027 027 038 005 018 022 019 0.19 015 022 012 020 020 020 020
Woaoded

grassland 002 015 0.11 0.09 000 012 012 014 004 003 003 005 006 006 006 005
Dwarf

shrubland 0.02 000 000 002 0.01  tr 003 001 0.02 001 0016 000 001 tr 0.01 0.01
Shrubland 0.18 028 020 022 030 025 014 027 027 o012 026 027 0.31 032 029 029
Tall

shrubland 0.01 0.03 0.02 (.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 003 003 003 003 002 002 002 004 005 004 002 003 0.03 003 003 003
Wooded

riverine 0.01 0.01 003  0.03 0.0z 004 003 001 002 001 0.02 002 002 002 002 002

Environmental descriptors®
Herbage vol 15.13 3157 3792 3288 1417 3062 3802 3569 1595 2479 3352 3057 2287 2809 3410 29.96
Herbage

10 12 X0f121S « VANEY NI SHHOAISYAH

greenness 261 164 143 154 240 158 154 155 240 L.71 L55 1.28 239 172 140 132
Low-woody

green 314 231 253 254 317 211 254 255 3.38 239 267 215 341 277 274 2.52
High-woody

green 263 149 220 287 183 L37 271 1.93 352 210 244 1.35 326 1.80 248 1.84
Burns 010 359 033 1.41 000 303 036 034 0.00 236 266 1.54 0.13 1.66 293 207
River 050 044 033 033 031 039 0357 021 038 026 014 0.09 057 036 024 020
Pools 1.37 1.77 1.63 097 1.86 .42 114 052 .72 161 028 0.17 2.07 1.39 266 048
= <001

b Seores weighted by relalive representation of habitals

986T:(2)0g adeuziy ‘[pp [
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Table 4. Population estimates of wild herbivores lor the Mara and Liota plans, Kenya, 1961-1979.
1961 19740 1977 1979¢ 1975¢
Species (Mayv) {(May) (May) (May) (Jun)

Blue wildebeest 17,817 84,710 84,700 101,700 819,500
Burchell’s zebra 20,567 20,412 34,600 65,200 107,800
Topi 4,111 5,082 17,900 31,500 25,500
African buffalo 5,934 10,882 34,200 30,000 31,500
Kongoni 721 8§50 5,300 8,900 5,000
Thomson's gazelle 11,936 63,300 106,500 90,500
Grant's gazelle 5,204 8,800 19,900 18,500
Tmpala 8,692 53,900 59,200 51,800
Eland 750 1,168 4,700 8,500 4,600
African elephant 455 1,012 1.200 700 300
Black rhinoceros 54 84 100 0 0
Totals! 50,409 124,200 182700 246,500 1,277,700
Tolals — 150.032 308,700 432,100 1,438,500

* Stewart and Talbot (1962}

b This study

“ S Taiti, unpubl rep, Kenva Wildl Cons Manage Dep., Nairobi, 1974

4 Excluding gazelle and impala

* Including gazelle and impala

species (Oct-Nov). Comparisons of species-spe-
cific means for each environmental gradient or
habitat proportion with means for the entire
study area reveal patterns of selection. Al-
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 giraffe, the mi-
grants differed mainly in their use of different
habitat types.

Wet Season.—March-April was a period of
pasture growth following the main rainy season
and prior to the inllux of migratory wildebeest
Significant differences (P < 0.05) among her-
bivore species were found for all environmental
gradients cxcept burns and proportions of all
habitats except dwarf shrublands and wooded
riverine categories. During this period of re-
laxed competition wildebeest, 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 restricted largely to dwarf-shrub
grasslands and shrublands. Use of the former
implied preference because use exceeded avail-
ability 2-fold. Zebra showed a similar pattern,
whereas Thomson’s gazelles tended to use a
wider variety of habitat types roughly in pro-
portion to their relative availabilities.

Wildebeest Migration. —June-july was
characterized by a massive influx 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 shrublands.

Peak Wildebeest Density.—With the influx
of the main migratory populations during Au-
gust-September, wildebeest and zebra intensi-
fied their apparent preference of grasslands but
made significant use of other grassland cate-
gories as well as shrublands. Thomson's gazelles
tended to move to shrubby grasslands and
shrublands although preference still was shown
for dwarf-shrub grassland.

Wildebeest Emigration.—During October-
November, wildebeest used areas with high
herbage volume. Zebra seemed to move from
grasslands to shrubby grasslands, whereas
Thomson’s gazelles moved from shrubby grass-
lands to dwari-shrub grasslands.

DISCUSSION
Population Trends

Although inevitable problems of standardiza-
tion of counting methodology may preclude de-
tailed analysis, increases in estimated popula-
tions have 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 (Alcelaphus busela-
phus), common eland (Taurotragus oryx), Al-
rican elephant (Loxodonta africana), and black
rhinoceros (Diceros bicornis)—the 1979 popu-
lation of 246,500 was 4.9 greater than in 1961.
Elephant numbers remained similar, whereas
rhinoceros declined to the point where none
were seen in 1979.

In the 1960°s, f[ew migratory wildebeest and
zebra from Tanzania entered tbe Mara during
the dry season (Pennyeuick 1975}. However, by
1979 large numbers grazed the Mara and west-
ern portion of the Siana from late June to late
October. This migration increased wildebeest
numbers from 102,000 to 820,000 and zebra
numbers from 65,000 to 108,000 between May
and July. This increase of 761,000 wildebeest
and zebra as a result of immigration from Tan-
zania gave a total population 24 x greater than
in 1961 (Stewart and Talbot 1962).

High rates of increase appear to be partly
due to eradication of rinderpest and improved
moisture regimes. Although rapid increases have
occurred throughout the entire Serengeti Eco-
system (Sinclair and Norton-Griffiths 1982), a
contributing factor, at least far wildebeest, ap-
pears to be greater use of the northern part of
the migratory circuit. The total Serengeti pop-
ulation increased 276% between 1961 and 1974
(Sinclair 1979), whereas use of the Mara plains
increased 375% during the same period.

Range Use by Wild Herbivores

A number of wild species respond to envi-
ronmental change by migration; others exploit
a finer grain of environmental heterogeneity
with more localized movements. One of the
most striking migratory systems is the 1,500-km
circuit of wildebeest around the Serengeti-Mara
Ecosystem. From December to March, wilde-
beest occupy the southeastern shortgrass plains
where calving takes place. During April-June,
they gradually move northwestward to the north
Serengeti and Masai-Mara where they remain
from July to September. During the October-
November migration, herds return to the south-
eastern plains.

This pattern is somewhat simplified because
timing and extent depends upon rainfall. Also,
there are resident populations and more subtle
local movements. Results of monthly surveys
suggest that the nonmigratory population of
wildebeest numbers perhaps 100,000. How-
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ever, migratory behavior may be stimulated in
drier years. There also was evidence that the
Loita serves as a wet season dispersal area for
50,000-80,000 animals.

The other 2 migratory species in this area are
zebra and Thoinson’s gazelle. In general, they
use the shortgrass plains during the wet season
and longgrass plains during the dry season, but
movements are not as synchronized nor as strik-
ing as wildebeest.

Movements of zebra tended to be more local.
In addition to use of the Serengeti, this study
indicated the Loita was an important dispersal
area during the wet season (Feb-May) that was
used by 50,000-60,000 individuals. [nflux from
Tanzania onto the Mara during June-August
involved a comnparable number. The Siana was
used in June while the main concentration of
zebra in the Mara occurred in July and August
at the time of peak occnpancy by wildebeest.

Over the entire Serengeti ecosystem occu-
pational patterns of zebra and wildebeest are
highly correlated (Maddock 1979). Zebra tend
to lead the grazing succession. This was con-
firmed by KREMU's monthly counts, but the
pattern of use of the 3 range units does not
suggest a strong interdependence of the 2
species.

Thomson’s gazelle appear to exploit a finer
grain of environmental heterogeneity. Except
for a major emigration of 60,000 animals dur-
ing September-October (presumably to Tan-
zania and north of the study area), monthly use
of all 3 ecosystems was relatively stable. There
was little evidence that they followed move-
ments of Jarge grazers to capitalize on short,
open range structure as suggested by Me-
Naughton (1976). However, intensive use by
both domestic and wild herbivores over the en-
tire ecosystem has left few areas with dense
grass cover avoided by gazelles.

Future

With increasing wildlife populations Masai
pastoralists face increasing competition for for-
age and water. Disease risk, particularly from
wildebeest and buffalo, is high and increasing.
At the same time, range for livestock grazing,
especially during the dry season, is declining.
Cultivation, particularly wheat farming, now
occurs in areas formerly used by pastoralists.
This has resulted in a concentration of livestock
on the Loita Plains and apparent overgrazing.
Development schemes, which include plans to
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settle the Masai people on individually owned
ranches and establish parks in the Nguruman
and Loita Hills, will exacerbate land use con-
flicts in the Narok District. This will almost cer-
tainly influence this wildlife spectacle and place
a premium on integrated land use planning.

LITERATURE CITED

AnDERE, D. K. 1980, KREMU'’s 1978-1979 Annu
Rep., Kenya Rangeland Ecol. Monit Unit, Nai-
robi. 88pp.

Brown, L. H, anD J. CoCHEME. 1973, A study on
the agriclimatology of the highlands of eastern
Africa. World Meteorol. Organ. Tech. Note 123,
Rome, ltaly. 23pp.

JoLLy, G. M 1969 Sampling methods for aerial
census of wildlife populations. East Afr. Agric.
For. ]. 34:46-49.

Mappock, L. 1979. The "migration” and grazing
succession. Pages 104-129 in A R. E. Sinclair
and M. Norton-Griffiths, eds. Serengeti: dynam-
ics of an ecosystem. Univ Chicago Press, Chi-
cago, 1l

MCNAUCHTON, 5. J. 1976, Serengeti migratory
wildebeest: facilitation of energy low by graz-
ing. Science 191:92-94.

NorTON-GRIFFITHS, M. 1978, Counting animals
2nd ed. Afr. Wildl. Leadership Found Handb
I, Nairobi, Kenya 139pp.

, D. HERLOCKER, AND L. PENNYCUICK. 1975
The patterns of rainfall in the Serengeti Ecosys-
tem, Tanzania. East Alr. Wildl. J. 13:347-374.

PEDEN, D. G. 1981. A precision-based strategy for
allocating sampling effort in nation-wide surveys
of livestock and wildlife. Pages 346-351 in H.
G. Lund, M. Caballero, R. H. Hamre, R S. Dris-
coll, and W. Bonner, eds. Arid land resource in-
ventories: developing cost-efficient methods. U.S.
For. Serv. Gen. Tech. Rep WO-28.

PEnnYCUICK, L 1975, Movements of the migra-
tory wildebeest population in the Serengeti area
between 1960 and 1973. East Afr. Wildl ] 13:
65-57.

PRATT, D. J., P . GREENWAY, AND M. D. GWYNNE.
1966. A classification of East African rangeland,

HERBIVORES IN KENYA * Stelfox et ol. 347

with an appendix on terminology. J. Appl. Ecol.

3:369-382

, AND M. D. GwynnE. 1977. Rangeland
management and ecology in East Africa. Hod-
der & Stroughton, London, U.K. 310pp.

SincLair, A R, E. 1975. The resource limitation
of trophic levels in tropical grassland ecosystems
J. Anim Ecol. 44:497-520

1979 The eruption of the ruminants. Pages

82-103 in A. R. E. Sinclair and M. Norton-Grif-

fiths, eds. Serengeti: dynamics of an ecosystem.

Univ. Chicago Press, Chicago. 111,

. and M. NORTON-GRIFFITHS, editors. 1979,
Serengeti. dynamics of an ecosystem. Univ, Chi-
cago Press, Chicago, 11l. 389pp

, AND 18982, Does competition or
facilitation regulate migrant ungulate popula-
tions in the Serengeti” A test of hypotheses.
Oecologia 53.364-369.

SteLrFox, [. G., J. W. Kurwarwa, 5. W. MBUGUA,
AaND D. G. PEDEN. 1979 Livestock and wild
herbivore populations in the Kenya rangelands
in 1977 compared with 1978. Kenya Rangeland
Ecol. Monit. Unit Tech. Rep. Ser. 6, Nairobi
21 pp.

,and D. G. PEDEN. 1981. The aerial survey
programme of the Kenya Rangeland Ecological
Monitoring Unit. 1976-79. Pages 69-83 in ]. |
R. Grimsdell and S. B. Westley, eds. Low-level
aerial survey technigues. Int, Livest Cent. Afr,
Addis Ababa, Ethiopia.

STEwarT, D. R. M, anp L. M. TaLpoT. 1962
Census of wildlife on the Serengeti, Mara and
Loita plains. East Afr. Agric. For. J. 28.58-60.

Westenn, D, aND ] . R. GRIMSDELL. 1979. Mea-
suring the distribution of animals in relation to
the environment. Afr. Wildl. Leadership Found
Handb. 2, Nairobi, Kenya. 64pp.

WitLiams, L. A. ] 1964, Geology of the Mara Riv-
er—Siana Area. Geol. Surv. Kenya Rep. 66, Gov
Printers, Nairobi. 67pp.

WRIGHT, J. B. 1967. Geology of the Narok Area.
Geol. Surv. Kenya Rep. 80, Gov. Printers, Nai-
rohi. 85pp.

Received 27 January 1984.
Accepted 9 October 1985.




